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ABSTRACT

Background: Combinations of a third-generation cephalosporin and metronidazole, with or
without an aminoglycoside, often are used for the treatment of intra-abdominal infections in
surgical settings. Simpler regimens that preserve an adequate spectrum of coverage, but al-
low easier administration and have fewer side effects, may be a more desirable option.

Methods: This randomized, open-label, active comparator study evaluated the effectiveness
(non-inferiority hypothesis) of the beta-lactam/beta-lactamase inhibitor combination cefo-
perazone-sulbactam (2–8 g/day), compared with ceftazidime (2–6 g/day)-amikacin (15
mg/kg/day)-metronidazole (500 mg three times daily) in 154 and 152 subjects, respectively,
having intra-abdominal infections. The study was conducted at 17 centers in India.

Results: Non-inferiority of cefoperazone-sulbactam (91.9%) compared with ceftazidime-
amikacin-metronidazole (81.8%) was demonstrated for continued resolution of clinical signs
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INTRA-ABDOMINAL INFECTIONS are associated
with substantial morbidity and a high mor-

tality rate, which imposes a serious burden on
healthcare resources. Optimal management of
such infections requires early and effective in-
tervention [1]. Surgery supported by empirical
antibiotics represents the mainstay of manage-
ment [1–3]. Prompt initiation of this approach
can improve the prognosis of infected individ-
uals markedly and thereby reduce the mortal-
ity rate.

Intra-abdominal infections usually are
polymicrobial, involving Gram-positive and
Gram-negative aerobic and anaerobic bacteria.
Enterobacteriaceae and Bacteroides fragilis are
considered the most common causative micro-
organisms [4]. Hence, antibiotics with broad-
spectrum activity are recommended [3,5]. The
goals of antibiotic therapy are to eliminate the
offending organism, reduce the probability of
reoccurrence, and accelerate the time to reso-
lution of both signs and symptoms [5]. How-
ever, the clinical utility of broad-spectrum 
antibiotics is challenged by the increasing like-
lihood of bacterial resistance [6].

The past decade has seen the emergence of
more bacteria producing extended-spectrum
beta-lactamases (ESBLs), a trend particularly
noteworthy in India [7–10]. The production of
these enzymes has given rise to organisms re-
sistant to beta-lactam antibiotics such as cef-
tazidime, ceftriaxone, cefotaxime, and aztre-
onam [11–13]. Moreover, bacteria producing
ESBLs pose additional therapeutic challenges,
as resistance genes for other antimicrobial

agents (e.g., aminoglycosides, tetracyclines,
fluoroquinolones, and trimethoprim/sulfa-
methoxazole) often are present also [14]. Beta-
lactamase inhibitors are designed to inhibit the
activity of beta-lactamase enzymes. These in-
hibitors generally have little inherent antimi-
crobial activity, and thus are combined with a
beta-lactam antibiotic to optimize their effect.

Combination of a third-generation cephalo-
sporin and metronidazole, usually with/with-
out an aminoglycoside, is one option currently
recommended for intra-abdominal infections
in surgical settings. However, the complexity
of these regimens (multiple daily administra-
tion, potential toxicity, and the necessity for re-
peated measurements of aminoglycoside serum
concentrations if these drugs are administered)
highlights their limitations [15–17]. An alterna-
tive approach is monotherapy with beta-lac-
tam/beta-lactamase inhibitor combinations,
such as cefoperazone-sulbactam. This antibi-
otic product has a spectrum covering aerobic,
facultative, and anaerobic bacteria, including
the pathogens predominantly responsible for
intra-abdominal infections [7]. Cefoperazone-
sulbactam has been shown to be as effective as
a standard regimen of gentamicin and clin-
damycin [18,19]. Recent studies have demon-
strated good activity against ESBL-producing
pathogens, especially those resistant to third-
generation cephalosporins (including cef-
tazidime) [7].

In order to assess further the utility of beta-
lactam/beta-lactamase inhibitor combinations
for the treatment of intra-abdominal infections
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and symptoms at the 30-day follow-up (primary endpoint) with a treatment difference of 10.1%
(95% confidence interval 2.1%, 18.1%; pre-defined non-inferiority limit ! !12.5%). Superior-
ity of cefoperazone-sulbactam also was demonstrated for this endpoint, with significantly
more subjects achieving continued resolution at the 30-day follow-up than in the comparator
group (p " 0.015). On microbiologic outcomes, cefoperazone-sulbactam had higher success
rates than ceftazidime-amikacin-metronidazole (92.9% vs. 80.0%). The pathogens (202 isolated)
isolated most commonly were Escherichia coli (38.6%) and Klebsiella spp. (12.9%). The inci-
dence of treatment-related adverse events was 6.5% and 16.4% in the cefoperazone-sulbactam
and ceftazidime-amikacin-metronidazole groups, respectively, with more discontinuations
due to treatment-related adverse events in the comparator arm (3.2% vs. 9.9%).

Conclusion: Empirical cefoperazone-sulbactam monotherapy could be a useful adjunct to
surgical intervention for intra-abdominal infections.

Registration number: NCT00360607 on http://clinicaltrials.gov
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in India, where the prevalence of bacterial re-
sistance attributable to ESBLs is among the
highest in the world [7–10], this study com-
pared the clinical and microbiologic efficacy
and the safety profile of cefoperazone-sulbac-
tam with those of the triple-drug regimen, cef-
tazidime plus amikacin plus metronidazole.

PATIENTS AND METHODS

Study design

This was a randomized, open-label, active
comparator study carried out between July
2004 and April 2005 at 17 centers in India. Sub-
jects with evidence of intra-abdominal infec-
tion were randomized (1:1) and dose-stratified
according to age (12 to !18 and "18 years) and
baseline Acute Physiology, Age and Chronic
Health Evaluation (APACHE) II score (#24
and 25–34). The study treatments were cefop-
erazone-sulbactam (Magnex® Pfizer, Mumbai,
India; as much as 8 g/day) given intravenously
(IV) for a minimum of 5 days and a maximum
of 14 days; or ceftazidime (Fortum® Glaxo
Smith Kline Middlesex, United Kingdom; as
much as 6 g/day) plus amikacin (Mikacin®

Aristo; 15 mg/kg/day) given IV for 5–10 days
and metronidazole (Metrogy® J.B. Chemicals
and Pharmaceuticals Mumbai, India as much
as 500 mg three times/day) given for 5–10 days.
Subjects were assessed daily during the treat-
ment period. The end of treatment visit oc-
curred within 12 h of the last dose of study
medication (Day 5 to Day 14). Subjects with a
clinical outcome of success or improvement
were followed up after 30 days. Efficacy and
safety assessments were conducted at each
visit.

Study participants

The eligibility criteria are in accordance with
Surgical Infection Society/Infectious Diseases
Society of America (SIS/IDSA) guidelines for
intra-abdomin infections. Male or female sub-
jects aged 12 years or older with evidence of in-
tra-abdominal infection (documented by la-
parotomy, laparoscopy, or percutaneous
aspiration or the presence of at least three in-
dicators consistent with intra-abdominal infec-

tions, such as fever, leukocytosis, abdominal
symptoms, and radiologic signs) who provided
written informed consent were enrolled. Spec-
imens were sent for aerobic and anaerobic cul-
tures at the time of initial intervention. Subjects
with a rapidly progressive illness or those with
hepatic disease, immunologic or hematologic
impairment, or those with known hypersensi-
tivity to beta-lactam antibiotics, aminoglyco-
sides, or metronidazole were excluded. The
study also excluded subjects with evidence of
acute or gangrenous cholecystitis or appen-
dicitis without perforation or abscess; trans-
mural bowel necrosis from embolic, throm-
botic, or obstructive vascular occlusion without
perforation or established peritonitis or ab-
scess; acute pancreatitis; or gastroduodenal
perforations presenting within 12 h of onset of
symptoms. In certain circumstances, prior an-
tibiotic therapy was acceptable if deemed to be
ineffective by the investigator.

Clinical and microbiologic assessments

At the end of treatment visit, the clinical out-
come was categorized as success (complete res-
olution of baseline signs and symptoms), im-
provement (resolution of some, but not all,
baseline symptoms and no further systemic an-
timicrobials administered), or failure (need for
additional systemic antimicrobial therapy,
more than one surgical procedure, or death 48
h after initiating therapy). Participants who
achieved clinical success or improvement at the
end of the treatment were evaluated after 30
days and categorized as having continued res-
olution (continued absence of, or minimal,
signs and symptoms not requiring further ther-
apy) or relapse (return or worsening of signs
and symptoms necessitating therapy). Subjects
who could not be categorized were regarded as
indeterminate.

Microbiologic outcomes were assessed at the
end of treatment visit, being categorized as suc-
cess (eradication of baseline pathogen[s]), pre-
sumed success (no specimens could be ob-
tained for culture, but the clinical response was
success or improvement), failure (one or more
baseline pathogen was not eradicated in a sub-
ject with a clinical outcome of failure), pre-
sumed failure (culture could not be performed
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or no organisms grew for a subject with a clin-
ical outcome of failure), or indeterminate.

Microbiologic examination involved taking
pus from the abdominal drains or material ob-
tained at the time of laparotomy, laparoscopy,
or percutaneous aspiration, which was sent to
a central laboratory for culture and sensitivity
testing. This was performed at screening/base-
line and end of treatment (if specimens were
available), and repeated during the treatment
period or at follow-up if indicated clinically.

Safety assessments

The investigator recorded all adverse events
(AEs), including severity and relationship to
treatment. Clinically significant changes in
physical examination findings or vital signs

and abnormal laboratory test findings were
recorded.

Statistical methods

The sample size was calculated on the basis
of estimates of cure rates from a previous cef-
operazone-sulbactam study [19]. Assuming a
non-evaluability rate of 10%, a common rate of
continued resolution of symptoms at the 30-
day follow-up visit of 85%, and a two-sided sig-
nificance level of 5%, a sample size of 150 per
treatment group would provide $80% power
to conclude non-inferiority of cefoperazone-
sulbactam using a margin of 12.5%.

There were four analysis populations. The
safety population included all subjects who re-
ceived at least one dose of study medication.
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FIG. 1. Subject disposition.
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The modified intent-to-treat (MITT) population
included all subjects in the safety population
who were randomized to a study treatment.
The clinical efficacy evaluable (CEE) popula-
tion was a subset of the MITT population that
excluded patients with insufficient therapy
(!72 h); use of a concomitant systemic antimi-
crobial within 72 h of the start of study treat-
ment that was potentially effective against the
study condition; lack of post-baseline clinical
assessments; antibiotic lavage or irrigation dur-
ing surgery; cause of intra-abdominal infection
not confirmed during procedure for source
control; death within 48 h of commencing treat-
ment; evidence of malignant disease, intestinal
tuberculosis, or amebic pathology; or who did
not meet the eligibility criteria. The microbio-
logic efficacy evaluable (MEE) population con-
sisted of the portion of the CEE population who
had a pathogen isolated from the baseline sam-
ple (obtained within 24 h prior to enrollment
or within 24 h after starting study treatment).

The primary endpoint (clinical outcome at
the 30-day follow up visit) analysis was based
on the difference in the proportions of respon-
ders and its two-sided 95% confidence interval
(CI). The difference between treatment groups

with respect to the primary endpoint also was
analyzed using logistic regression, with treat-
ment and age group fitted as factors in the
model. Other dichotomous efficacy endpoints
were analyzed using a Cochran-Mantel-Haen-
szel (CMH) test stratified by age group. Strati-
fication by APACHE II score was not per-
formed, as only three subjects had a score "25
points. All analyses were conducted using Sta-
tistical Analysis Systems (SAS) version 8.2 (SAS
Institute, Cary, NC).

RESULTS

Subject disposition and baseline characteristics

Three hundred thirty-five subjects were
screened for entry: 155 subjects were random-
ized to cefoperazone-sulbactam (1 subject did
not receive treatment) and 152 to ceftazidime
plus amikacin plus metronidazole. Subject dis-
position is presented in Figure 1. Demographic
and baseline characteristics, as well as the type
of intra-abdominal infection, were well matched
in the two groups (Table 1). The most frequent
prior drug treatments in both groups were elec-
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TABLE 1. DEMOGRAPHIC AND BASELINE CHARACTERISTICS

Ceftazidime-
Cefoperazone- amikacin-

sulbactam metronidazole
(n % 154) (n % 152)

Female, n (%) 35.0 (22.7) 390. (25.7)
Mean age, years (standard deviation [SD]) 36.4 (15.4) 35.7 (16.3)

!18 (n) 15.0 180. 
18–44 (n) 87.0 930. 
45–64 (n) 42.0 280. 
"65 (n) 10.0 130.

Mean weight, kg (SD) 55.4 (11.7) 54.1 (11.3)
Mean height, cm (SD) 159.6 (10.7) 159.6 (10.8)
Mean duration of infection, days (range) 6.9 (1–111) 5.1 (1–32)
Mean APACHE II score (SD)a 6.9 (04.9) 6.4 (04.9)
Mean source control grade (SD)b 9.3 (01.8) 9.0 (02.0)
Type of infection, n (%)

Gastroduodenal perforations 37 (24.0) 34 (22.4)
Intestinal perforations 41 (26.6) 44 (28.9)
Acute appendicitis with generalized 40 (26.0) 35 (23.0)

peritonitis/abscess
Peritonitis (suppurative, specified 53 (34.4) 62 (40.8)

and unspecified)

SD % standard deviation; APACHE % Acute Physiology, Age and Chronic Health
Evaluation.

aAPACHE II score was missing for 1 subject.
bSource control grade was missing for 25 subjects.
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trolyte and water replacements, antibacterials,
and ulcer healing and other gastrointestinal
medications. The median duration of hospital-
ization was 10 days for both groups.

Clinical outcomes

At the 30-day follow up visit. On the primary
measure, 91.9% of cefoperazone-sulbactam-
treated subjects had continued resolution of their
symptoms compared with 81.8% in the com-
parator group. With a treatment difference of
10.1% (95% CI 2.1%, 18.1%), non-inferiority of ce-
foperazone-sulbactam was demonstrated in that
the lower limit of the 2-sided 95% CI was above
the defined limit of &12.5%: This was significant
for the CEE population (odds ratio [OR] 2.52;
95% CI 1.18, 5.38; p % 0.017) (Table 2). Further-
more, superiority of cefoperazone-sulbactam
was demonstrated for the MITT population
(treatment difference 10.1%; 95% CI 2.0, 18.3; p %
0.015), as the lower limit of the 95% CI exceeded
0. Details pertaining to the treatment failures
among CEE subjects (cefoperazone-sulbactam-
11, comparator-24) are presented in Table 3.

At the end of treatment visit (Day 5 to Day 14).
Similar to the findings observed at the 30-day
follow-up visit, a greater proportion of subjects
treated with cefoperazone-sulbactam had a

clinical outcome of success or improvement
compared with those who received ceftazidime
plus amikacin plus metronidazole (OR 2.52;
95% CI 1.18, 5.38; CMH p % 0.015) (Table 2).
When stratified according to age and APACHE
II score, the majority of subjects were "18 years
with an APACHE II score of #24 (success rates
91.8% [112/122] for cefoperazone-sulbactam;
82.9% [97/117] for the comparator group).

Microbiologic outcomes

Data on pathogens isolated (106 pathogens
cefoperazone-sulbactam; 96 pathogens com-
parator) from baseline samples showed that
Escherichia coli (22.8% cefoperazone-sulbac-
tam; 15.8% comparator), Klebsiella spp. (5.0%
cefoperazone-sulbactam; 7.9% comparator),
and Pseudomonas aeruginosa (5.9% cefopera-
zone-sulbactam; 5.4% comparator) were most
common. Whereas there were fewer evalu-
able subjects in the MEE population, the pro-
portion of subjects with successful overall mi-
crobiologic outcomes at the end of treatment
was similar to that observed for clinical out-
comes and significantly higher with cefoper-
azone-sulbactam than with the comparator
treatment (OR 3.30; 95% CI 1.10, 9.92; CMH
p % 0.029) (Table 2).
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TABLE 2. CLINICAL AND MICROBIOLOGICAL OUTCOMES

Ceftazidime-
Cefoperazone- amikacin-

Outcome and time-point (analysis population) sulbactam metronidazole Treatment difference

Clinical outcome at 30-day follow upa (CEE) n % 136 n % 132
Continued resolution, n (%) 125 (91.9) 108 (81.8)
Failure/indeterminate, n (%) 11 ( 8.1) 24 (18.2)
Treatment difference, % (95% CI) 10.1 (2.1, 18.1)c

Clinical outcome at 30-day follow upa (MITT) n % 154b n % 152b

Continued resolution, n (%) 134 (89.3) 118 (79.2)
Failure/indeterminate, n (%) 16 (10.7) 31 (20.8)
Treatment difference, % (95% CI) 10.1 (2.0, 18.3)d

Clinical outcome at end of treatment (CEE), n (%) n % 136 n % 132
Success/improvement 125 (91.9) 108 (81.8)
Failure/indeterminate 11 ( 8.1) 24 (18.2)

Microbiological outcome at end of treatment (MEE) n % 71b n % 66b

Success/presumed success, n (%) 65 (92.9) 52 (80.0)
Failure/presumed failure/indeterminate, n (%) 5 ( 7.1) 13 (20.0)

aPrimary measure.
bSubjects for whom the clinical or microbiological outcome was not assessed were not included in the analysis.

Percentages are based on a denominator of the available data. 
cNon-inferiority was demonstrated—lower limit of the 95% confidence interval $ &12.5% (the defined non-inferior-

ity margin).
dSuperiority was demonstrated—lower limit of the 95% confidence interval $ 0.
CEE, clinical efficacy evaluable analysis population; MITT, modified intent-to-treat analysis population; MEE, micro-

biological efficacy evaluable population.
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Safety outcomes

The incidence of treatment-emergent ad-
verse events (AEs) was similar in the two
groups, although the number of subjects with
serious AEs was lower in the cefoperazone-sul-
bactam arm, as was the number of discontinu-
ations as a result of AEs (Table 4). In terms of
treatment-related AEs, there were fewer expe-
riences in the cefoperazone-sulbactam group;
the most common were lack of efficacy (5 vs.
15), increased cough (3 vs. 2), diarrhea (1 vs. 2),
and back pain (1 in both groups). No subject
experienced serious AEs as a result of cefoper-
azone-sulbactam treatment; there was one

treatment-related serious AE (leukopenia) ex-
perienced by a subject taking the comparator
treatment. More subjects in the ceftazidime
plus amikacin plus metronidazole group dis-
continued treatment because of lack of efficacy.
There were seven deaths during the study,
none of which was related to the study med-
ication.

DISCUSSION

This study demonstrated that monotherapy
with a beta-lactam/beta-lactamase inhibitor
combination, cefoperazone-sulbactam, is more
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TABLE 4. SUMMARY OF ADVERSE EVENTS

Ceftazidime-amikacin-
Cefoperazone-sulbactam metronidazole

(n % 154) (n % 152)

Treatment emergent
Number of AEs 172 155 
Number of subjects with AEs (%) 83 (53.9) 78 (51.3)
Number of subjects with SAEs (%) 12 ( 7.8) 17 (11.2)
Discontinuations for AEs (%) 13 ( 8.4) 26 (17.1)

Treatment related
Number of AEs 12 31 
Number of subjects with AEs (%) 10 ( 6.5) 25 (16.4)
Number of subjects with SAEs (%) — 1 ( 0.7)
Discontinuations for AEs (%) 5 ( 3.2) 16 (10.5)

Discontinuations
Total number (%) 19 (12.3) 34 (22.4)
Deaths (%) 4 ( 2.6) 3 ( 2.0)
Discontinued for lack of efficacy (%) 5 ( 3.2) 15 ( 9.9)

Includes only data up to 7 days after last dose of study medication.
AE % adverse event; SAE % serious adverse event.

TABLE 3. TREATMENT FAILURES

Cefoperazone-sulbactam Ceftazidime-amikacin-metronidazole
(n % 11) (n % 24)

Duration of therapy, mean days 7.4 8.0
APACHE II score, mean 8.8 10.0
Source control grade, meana 5.6 7.7
Modal dose, mean g/day 3.6 Ceftazidime: 2.5

Amikacin: 0.74
Metronidazole: 1.4

Dose increased, n 6.0 Ceftazidime: 12
Amikacin: 3
Metronidazole: 10

MEE, n 4.0 14.0
Baseline pathogens E. coli, Enterobacter, Candida E. coli, Pseudomonas, Candida

Enterobacter, Citrobacter

APACHE % Acute Physiology, Age and Chronic Health Evaluation; MEE % microbiological efficacy evaluable pop-
ulation.

aSource control grade was missing for 6 subjects.
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effective than a combination of ceftazidime,
amikacin, and metronidazole for the treatment
of intra-abdominal infections in India. In addi-
tion, cefoperazone-sulbactam had a better
safety profile in this sample population, as ev-
idenced by fewer treatment-related AEs and
fewer discontinuations related to treatment.

Intra-abdominal infections frequently are
polymicrobial and require empirical broad-
spectrum antimicrobial therapy [2]. Although
there is a wide range of antimicrobial agents
and combinations of agents available, the clin-
ical utility of some is limited by increasing 
resistance among pathogens that cause intra-
abdominal infections, or, in the case of amino-
glycoside-based regimens, concerns about re-
nal toxicity [2]. In addition, the inappropriate
use of antimicrobial agents has contributed
substantially to the growing worldwide prob-
lem of antimicrobial resistance among nosoco-
mial pathogens, including those that are impli-
cated commonly in intra-abdominal infections
[10]. India has one of the world’s highest reported
rates of bacterial resistance attributable to ES-
BLs among Gram-negative isolates causing
nosocomial infections [7–10].

As in many developing countries, uncon-
trolled prescribing habits and poor
patient/physician education have been major
contributors to the high levels of resistance re-
ported for India. Unfortunately, resistance
leads to more indiscriminate prescribing and
frequent use of combination therapy to com-
pensate for the decreasing efficacy of first-line
agents, especially the cephalosporins [8]. This
was confirmed in a recent survey of the 
antimicrobial prescribing patterns of 650 sur-
geons when treating intra-abdominal infections
[20]. A combination of a third-/fourth-generation
cephalosporin and an anti-anaerobic agent was
the most popular regimen, being prescribed by
nearly 85% of the respondents. Moreover,
$60% used the triple-drug combination of
cephalosporin plus aminoglycoside plus an
anti-anaerobic agent, which influenced the
choice of the triple-drug comparator in this
study. Another reason for the choice of com-
parator was the difficulty of obtaining ethics
committee approval for a study using a third-
generation cephalosporin alone in hospitals
where high levels of resistance were already

documented, such that prescribing protocols
included an aminoglycoside given with a third-
generation cephalosporin [7].

Combination approaches, especially triple-
drug regimens of agents with short half-lives
(e.g., ceftazidime or metronidazole), require
multiple daily injections, and, if an aminogly-
coside is included, regular monitoring of renal
function and trough drug concentrations. Gen-
erally, combination regimens are associated
with greater gastrointestinal side effects and a
higher incidence of super-infection, especially
candidiasis [2,21]. They also may contribute to
further increases in resistance—a major con-
cern in the Indian context [9]. Monotherapy
could therefore present a more desirable op-
tion. The broad coverage of aerobic-anaerobic
pathogens by beta-lactam/beta-lactamase in-
hibitor combinations makes them particularly
suitable agents for monotherapy, and a cost-ef-
fective alternative to multi-drug regimens [2].
Importantly in India, the beta-lactamase in-
hibitor component, with its ability to counter
ESBLs, could increase clinical efficacy in intra-
abdominal infections, particularly those caused
by ESBL-producing pathogens [7].

Cefoperazone, approved in the U.S. for intra-
abdominal infections, is a third-generation
cephalosporin with anti-pseudomonal and
modest anti-anaerobic activity, giving it a
broader spectrum than others in its class. How-
ever, it is vulnerable to hydrolysis by ESBLs,
and consequently may not be useful in Indian
patients [7,22]. Sulbactam is an irreversible in-
hibitor of many beta-lactamases that degrade
both penicillins and cephalosporins (including
cefoperazone). Sulbactam alone has a limited
antibacterial spectrum; however, it protects ce-
foperazone from degradation by most of the
common beta-lactamases, and many cefopera-
zone-resistant bacterial strains therefore be-
come susceptible [23].

Cefoperazone-sulbactam is excreted in high
concentrations in its active form in bile, which
may contribute to the high success rates of bac-
terial eradication in intra-abdominal infections
[19,24]. In vitro studies have shown activity
comparable to that of metronidazole against
anaerobes, including Bacteroides spp., which is
particularly relevant for intra-abdominal in-
fections [25]. Cefoperazone-sulbactam has
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demonstrated good activity against ESBL-pro-
ducing pathogens isolated from Indian patients
with nosocomial infections in a large multi-cen-
ter trial, where its activity against Enterobacte-
riaceae was superior to that of all other com-
parator agents [7]. Furthermore, its clinical
efficacy in intra-abdominal infections has been
demonstrated previously; efficacy comparable
to a clindamycin-gentamicin combination, im-
ipenem-cilastatin, cefepime, and meropenem
was observed [3,19,24,26,27]. Although the su-
perior efficacy of cefoperazone-sulbactam com-
pared with third-generation cephalosporins
(ceftazidime) in this study is not unexpected,
considering the high levels of resistance, the in-
clusion of an aminoglycoside was expected to
compensate for this and retain the overall effi-
cacy of the comparator regime, although a
meta-analysis has suggested that conventional-
dose aminoglycoside-containing regimens may
in fact be inferior treatment for complicated in-
tra-abdominal infections [28].

A limitation of the study design was lack of
blinding. This can be justified by the vast dif-
ference in the numbers of drugs administered
in both groups; it would be considered uneth-
ical by some to administer a minimum of five
extra injections simply to preserve blinding. To
ensure balance between groups with respect to
the severity of infection at baseline, subjects
were stratified by age and APACHE II scores.
Isolates were not tested for confirmation of
ESBL production, although it is expected that
this mechanism was responsible for the high
levels of ceftazidime resistance seen in the
study as, in India, a high degree of correlation
between cephalosporin-resistant strains and
ESBLs has been shown [8].

CONCLUSION

Given the increasing trend in ESBL-produc-
ing organisms worldwide, including India, a
beta-lactam/beta-lactamase inhibitor provides
a useful option for the treatment of intra-ab-
dominal infections. As further clinical evidence
gathers, the role of cefoperazone-sulbactam in
the management of intra-abdominal infections
will become better defined. The findings of this
study provide useful data for clinicians in In-

dia to incorporate into prescribing practices
when treating such infections, and may be in-
creasingly relevant worldwide as the preva-
lence of antibacterial resistance among the
Gram-negative bacilli responsible for intra-ab-
dominal infections continues to increase.
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