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Background. Carbapenem-resistant Enterobacteriaceae has increased dramatically in the last decade, resulting in infections that
are difficult to treat and associated with high mortality rates. To prevent further antibacterial resistance, it is necessary to use carba-
penem selectively. A combination of metronidazole with an antimicrobial agent active against aerobes is an alternative effective treat-
ment for patients with complicated intra-abdominal infections (cIAIs). This study aimed to compare efficacy and safety of
metronidazole combination therapies and carbapenem and to provide clinical evidence regarding the optimal treatment of cIAI.

Methods. A systematic review and a meta-analysis of randomized clinical trials in the treatment of cIAI were conducted. The
systematic review with PubMed, Embase, and the Cochrane Database of Systematic Reviews followed the Cochrane Handbook’s
recommended methodology, and the meta-analysis used a Mantel-Haenszel random-effects model with RevMan, version 5.3. Pri-
mary endpoints were clinical success and bacteriological eradication, and secondary endpoints were all-cause mortality and drug-
related adverse events.

Results. Eight studies comparing metronidazole combination therapies and carbapenem were included in the meta-analysis. No
difference was found between combined therapy with metronidazole and carbapenem regarding clinical success (odds ratio
[OR] = 1.31; 95% confidence interval [CI], .75–2.31), bacteriological eradication (OR = 1.27; 95% CI, .84–1.91), all-cause mortality
(OR = 0.61; 95% CI, .37–1.00), or drug-related adverse events (OR = 0.58; 95% CI, .18–1.88). Sensitivity analyses found similar
results.

Conclusions. Combined therapy with metronidazole is as effective and safe as carbapenem in treatment of cIAI. Therefore, com-
bined therapy with metronidazole offers an effective alternative to carbapenem with low risk of drug resistance.

Keywords. carbapenem-resistant Enterobacteriaceae; complicated intra-abdominal infection; CRE; meta-analysis;
metronidazole.

Recent years have seen widespread antibacterial-resistance due
to the increased use of antibiotics with a broad spectrum of an-
tibacterial activity. Carbapenem-resistant Enterobacteriaceae
(CRE) including Klebsiella species and Escherichia coli, in par-
ticular, has increased dramatically in the last decade [1]. There
are limited therapeutic options available for infections caused
by CRE; therefore, they are difficult to treat and associated
with high mortality rates [1].A positive correlation between car-
bapenem usage and the prevalence of imipenem and merope-
nem-resistant bacteria such as Pseudomonas aeruginosa has

been reported in the literature, suggesting the importance of se-
lective use of carbapenem for infections that can be only treated
by this class of antibiotic [2]. With limited development of
novel antibacterial agents, it is vital to use existing agents care-
fully to prevent the emergence of drug-resistant bacteria.

Complicated intra-abdominal infections (cIAIs) are common
in clinical practice and often caused by a mixture of aerobic and
anaerobic bacteria. The incidence of anaerobic bacteria isolated
from cIAIs is high. A pooled analysis from 3 randomized pro-
spective trials with cIAIs found that in 1237 patients with mi-
crobiologically confirmed infections, Bacteroides fragilis and
other Bacteroides species were isolated from 35% and 71% of
these patients, respectively [3, 4]. The antimicrobial therapies
recommended for cIAIs in the guidelines by the Expert Panel
of the Surgical Infection Society and the Infectious Diseases
Society of America [3] include a single-agent therapy with carba-
penem and a combination therapy with metronidazole and ceph-
alosporin or fluoroquinolone. Although metronidazole has been
used as a standard therapy for trichomoniasis, anaerobic, and
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amebic infections worldwide since the 1970s, resistance to metro-
nidazole remains low [5].Combination therapies with metronida-
zole are still reported to be effective in the treatment of cIAIs [6].

In 2014, the intravenous formulation of metronidazole was
approved in Japan, long after the oral formulation was first ap-
proved in 1961. The recent approval allowed metronidazole to
be one of the therapeutic options, when used in combination
with an antiaerobic agent, for patients with mixed infections
caused by aerobic and anaerobic bacteria and for patients un-
suitable for oral administration, such as those with cIAIs [7].

Although there are several randomized clinical trials (RCTs)
comparing the efficacy and safety of a combined therapy with
metronidazole and carbapenem regimen [8–10], systematic re-
views and meta-analyses of these antibiotic therapies are limit-
ed. The current study aimed to provide clinical evidence
regarding the optimal treatment of cIAI by conducting a sys-
tematic literature review and a meta-analysis of clinical efficacy
and safety between combined therapy with metronidazole and
carbapenem in patients with cIAI.

METHODOLOGY

Systematic Literature Review
A systematic literature review based on the predefined protocol
was conducted in September 2015 following the guidelines

provided in the Cochrane Handbook for Systematic Reviews of

Interventions [11]. The literature search was conducted using

PubMed, Embase, and the Cochrane Central Register of Con-
trolled Trials (CENTRAL). The scope of the systematic literature

review, defined in terms of criteria including the patient popula-

tion, the interventions, the comparators, the outcome measures,
and the study design, is shown Figure 1. The search terms used

for PubMed, Embase, and CENTRAL searches include intra-

abdominal infections, metronidazole, carbapenem, and phase II
and III clinical trials, for all available years, fully utilizing the databas-

es’ headings systems, such as the Medical Subject Headings, wherev-

er possible. The exact search equations used in this study are shown
in Supplementary Tables 1–3. In addition, a gray literature search

was conducted using Google in English with the search keywords

included in the PubMed, Embase, and CENTRAL searches. Studies
referenced in more than 2 identified articles were also reviewed.

Studies retrieved by the search strategies were first reviewed
based on their title and abstract. Relevance of the study was eval-

uated based upon the inclusion criteria (Table 1) by the lead re-
viewer and cross-checked by another. Those studies selected after

title and abstract review were reviewed in full text and evaluated

in a similar manner. An Excel-based selection tracking spread-
sheet was used for the process. The selected studies were then

exported and organized into an EndNote database.

Figure 1. PRISMA flow diagram of study inclusion.
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Quality Assessment and Data Extraction
A quality assessment of each study identified in the systematic lit-
erature review was performed to evaluate the internal and external
validity using the Cochrane Collaboration “Risk of Bias” tool [11].
All studies were classified as low risk, high risk, or unclear risk.

Data extraction was conducted using an Excel-based data ex-
traction form developed before extracting data. All extracted
data for the analysis were checked by a researcher not involved
in the analysis.

Outcomes of Interest
This study compared the efficacy and safety endpoints reported
in the identified studies (clinical success and bacteriological
eradication, all-cause mortality, and drug-related adverse
events). In the identified studies, clinical success was defined
as “favorable, satisfactory clinical response resulting in complete
resolution (cure) or significant improvement in all signs and
symptoms of the infection”. The identified studies used a com-
bined number of cases for cure and/or improvement; therefore,
our study extracted data for a combined number of cases for
cure and improvement whenever possible. In the studies that
did not provide information for improvement, clinical success
was defined as complete resolution of all signs and symptoms.
In the identified studies, bacteriological eradication was defined
as eradication or presumed eradication of the baseline patho-
gen. All-cause mortality was number of deaths reported, and
drug-related adverse events were defined as treatment-emergent
adverse events occurring or worsening after the first dose of the
study medication, which were considered by the investigator to
be drug related. The definitions of outcomes for the 4 endpoints
(as described above) reported in each identified study are sum-
marized in Supplementary Table 4.

Meta-Analysis
A meta-analysis was conducted to synthesize data extracted to
obtain a single-summary estimate of effect from the studies

identified in the systematic literature review. A standard meta-
analysis was conducted using Review Manager (RevMan, ver-
sion 5.3.5). The Cochrane χ2 (ie, Q-statistic) and I2 were used
for model fit and assessment of heterogeneity. Given the likely het-
erogeneity of the studies identified, this meta-analysis used a ran-
dom effect model in the primary analysis and a fixed effect model
in the sensitivity analyses as supporting data. A DerSimonian-
Laird random-effects method [12] was used to calculate odds
ratio (OR) with 95% confidence interval (CI).

Several sensitivity analyses were conducted according to the
protocol. First, an analysis excluding any studies investigating
metronidazole in combination with a drug other than cephalo-
sporin or penicillin was conducted. Second, analyses excluding
studies determined to be at high risk of bias (defined as 2 or
more attributes on the risk of bias assessment) were conducted.
Finally, an analysis, which excluded all studies investigating
combination therapies other than metronidazole and cephalo-
sporin or penicillin as well as studies determined to be at high
risk of bias, was conducted.

RESULTS

Studies Identified
The study selection process is illustrated in Figure 1. A total of
24 studies were identified, 6 of which were duplicates; therefore,
the remaining 18 studies were assessed for inclusion against the
eligibility criteria. After screening the 18 abstracts, 8 studies
were excluded, resulting in 10 studies for full-text review. Ex-
cluded studies focused on a population not of interest (ie, chil-
dren), intervention not of interest (ie, ertapenem alone or triple
therapy with cefotaxime combined with metronidazole and
cloxacillin), or inappropriate study design (ie, literature review).
After full-text review of these 10 studies, 3 studies were further
excluded (2 studies with a population not of interest such as pa-
tients with uncomplicated intra-abdominal infections and 1
pharmacoeconomic study using the same trial data as another
included study). In addition, 1 study was identified through the
gray literature review. As a result, 8 studies were selected to be
extracted and included in the primary analysis [13–20]. An
overall summary of characteristics of the studies is shown in
Table 2. In addition, the detailed definitions of endpoints in
each identified study are detailed in Supplementary Table 4.

Study Quality
Our study quality assessment using the Cochrane risk of bias
assessment tool found 3 studies to be at high risk of bias across
2 or 3 assessment domains. A summary of risk of bias is shown
in Figure 2. There were 2 studies, Angeras et al [13] and Kempf
et al [17], that were found to be potentially biased across 2 as-
sessment domains (did not use blinding of participants or out-
come assessment). Because open trials were not expected to
have an impact on the primary endpoints given the nature of
endpoints (bacterial eradication), they were retained for the

Table 1. Scope of the Systematic Literature Review

Topic Scope

Patient population Adult patients with complicated intra-abdominal
infection

Intervention Combination therapy with metronidazole and penicillins
or cephalosporins or combination therapy with
metronidazole and fluoroquinolones (both
intravenous administration)

Comparator Monotherapy with carbapenems (intravenous
administration)

Outcome measures Clinical treatment success rates (ie, clinical cure rates,
test-of-cure, macrobiotic cure etc) and incidence of
adverse events (ie, all-cause mortality, drug-related
mortality etc)

Study design Phase II and III randomized clinical trials (Note: Only
phase II studies investigating the approved dosages
in Japan will be included)

Publication year No limit

Language English or Japanese
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Table 2. Summary of Study Characteristics

Study Study Design

Patient Characteristics

Outcomes Considered for AnalysisSetting Infection Site Treatment
Duration
(Days)

Age
(Mean ± SD)

(Years)
Gender
(Male%)

APACHE II
Score

Lucasti et al [18] Double-blind RCT Hospitalized cIAI patients
requiring surgical
intervention in US, Argentina,
Russia, Georgia, and Serbia

Appendix Ceftolozane-
tazobactam +metronidazole

Mean: 5.7 48.5 ± 18.8 54.9 Median: 7 At Test-of-Cure Visit: Cure;
Microbiological eradication; All-
cause mortality; Adverse eventsMeropenem Mean: 6 46.4 ± 18.5 61.5 Median: 6

Lucasti et al [19] Double-blind, RCT cIAI patients requiring surgical
intervention and antibiotics in
8 countries

Appendix,
stomach/
duodenum

Ceftazidime/
avibactam +metronidazole

Median: 6 43.0 ± 15.9 69.3 ≤10; 83.2% At End of Therapy: Favorable
clinical response; Microbiological
eradication; All-cause mortality;
Adverse events

Meropenem+ saline solution Median: 6.5 42.6 ± 18.1 79.4 ≤10; 83.3%

Garbino et al [15] Double-blind RCT Patients with intra-abdominal
infections

Peritonitis Cefepime +metronidazole Mean: 8 63 ± 18 45 Mean ± SD:
6.15 ± 4.13

At Test-of-Cure Visit: Cure;
Bacteriological eradication; All-
cause mortality; Adverse eventsImipenem-cilastatin Mean: 9 57 ± 16 45 Mean ± SD:

5.48 ± 2.90

Barie et al [14] Double-blind RCT Hospitalized cIAI patients
requiring operative procedure
or percutaneous drainage in
US and Canada

Appendicitis,
other abscess

Cefepime +metronidazole Mean: 8.8 49.3 72 Mean: 7.8 At End of Therapy: Cure; Bacterial
eradication; All-cause mortality;
Side effects

Imipenem-cilastatin sodium Mean: 9.4 51.5 67 Mean: 9.3

Kempf et al [17] Open RTC Hospitalized patients with intra-
abdominal infection requiring
surgical treatment

Appendix, colon Cefotaxime +metronidazole Mean: 6.9 56.6 24 ≤10; 70% At End of Therapy: Satisfactory
clinical response; Satisfactory
bacteriological response; All-
cause mortality; Adverse events

Meropenem Mean: 7.3 61.5 22 ≤10; 60%

Solomkin et al [20] Double-blind RTC Patients age with intra-
abdominal infections
requiring operative/
percutaneous drainage in US
and Canada

Colon peritonitis,
colon abscess

Ciprofloxacin +metronidazole Mean: 9.67 49.7 ± 19.7 41 Mean ± SD:
9.2 ± 5.3

At Follow-Up: Clinical success;
Bacteriological eradication

Imipenem-cilastatin + placebo Mean: 9.67 56.1 ± 20.2 47 Mean ± SD:
10.5 ± 6.3

Angeras et al [13] Open RCT Hospitalized patients with intra-
abdominal infection or
systemic infection originating
from the intra-abdominal
region

Appendicitis,
perforated
colon

Cefuroxime +metronidazole Median: 6 54 59 ≤10; 82% Time point not reported Clinical
cure; Bacteriological eradication;
All-cause mortality; Adverse
events

Imipenem-cilastatin Median: 6 56 55 ≤10; 84%

Huizinga et al [16] Open RCT Hospitalized patients with intra-
abdominal infections
requiring surgery in South
Africa, England, Holland,
France

Peritonitis Cefotaxime +metronidazole Mean: 6.0 35.5 ± 14.9 76 ≤5; 58% At End of Therapy: Satisfactory
clinical response: cured or
improved; Bacteriological
success; All-cause mortality;
Adverse events

Meropenem Mean: 6.5 38.0 ± 16.6 71 ≤5; 53%

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; cIAI, complicated intra-abdominal infection; RCT, randomized clinical trial; SD, standard deviation; US, United States.
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primary analysis. Furthermore, one study, Huizinga et al [16],
was found to be potentially biased across 3 assessment domains.
The study had the same blinding risks as Angeras et al [13] and
Kempf et al [17], in addition to other biases such as providing in-
sufficient details for patient dropouts and slight imbalance
of health condition between the treatment and comparator
groups. In particular, as shown Table 2, the meropenem group
in Huizinga et al [16] was reported to have a higher Acute Phys-
iologic Assessment and Chronic Health Evaluation (APACHE) II
score (19% of patients having a score of 11–20, compared with
12% in the metronidazole group). The same group also had a
higher proportion of patients with indwelling catheters (68% vs
55%) and nasogastric tubes (74% vs 59%) at the baseline [16].
These factors are considered to be associated with a higher risk
of subsequent infection; therefore, it is possible that this study

may have a bias in favor of the metronidazole group. However,
the study was retained for the primary analysis because of uncer-
tainty of the significance of these differences between the 2 groups
(statistical test of significant difference was not performed).

Meta-Analysis Results
The primary analysis included all studies. All studies reported
clinical success. The pooled OR for clinical success between pa-
tients treated with combined therapy with metronidazole
(n = 609) and carbapenem (n = 583) was 1.31 (95% CI, .75–
2.31; P = .35; I2 = 55%) (Figure 3). No difference between com-
bined therapy with metronidazole and carbapenem was found
in terms of clinical success.

All studies reported bacteriological eradication. The pooled
OR for bacteriological eradication between patients treated

Figure 2. Risk of bias summary. Black circles indicate high risk, white circles indicate low risk, and blank cells indicate unclear risk.

Figure 3. Forest plot of clinical success. Abbreviations: CI, confidence; MNX, Metronidazole.
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with combined therapy with metronidazole (n = 613) and carba-
penem (n = 630) was 1.27 (95% CI, .84–1.91; P = .25; I2 = 23%)
(Figure 4). No difference between combined therapy with metro-
nidazole and carbapenem was found in terms of bacteriological
eradication.

All studies reported all-cause mortality. Seven studies re-
ported data on the safety population, and the remaining
study reported data on the intention-to-treat population. All
studies reported mortality at the end of therapy. The pooled
OR for mortality between patients treated with combined ther-
apy with metronidazole (n = 904) and carbapenem (n = 854)
was 0.61 (95% CI, .37–1.00; P = .05; I2 = 0%) (Figure 5). Al-
though there was a trend towards a higher risk of mortality
with carbapenem compared with combined therapy with met-
ronidazole, no difference between combined therapy with
metronidazole and carbapenem was found in terms of all-
cause mortality.

Six studies reported drug-related adverse events, with 2 stud-
ies reporting zero events for both treatment groups, which were
labeled as not estimable and removed from the analysis. Hence,
4 studies were evaluated for drug-related adverse events. These
studies reported data on the safety population and did not
specify their measurement time point. The pooled OR for
drug-related adverse events between patients treated with

combined therapy with metronidazole (n = 629) and carbape-
nem (n = 585) was 0.67 (95% CI, .36–1.25; P = .21; I2 = 0%)
(Figure 6). No difference between combined therapy with met-
ronidazole and carbapenem was found in terms of drug-related
adverse events.

Sensitivity Analyses
The first sensitivity analysis included all studies except Solo-
mkin et al [20], which investigated metronidazole in combina-
tion with a fluoroquinolone drug (ciprofloxacin). No difference
between combined therapy with metronidazole and carbape-
nem was found for all endpoints. The second sensitivity analysis
included all studies except Huizinga et al [16], which had a high
risk of bias across 3 assessment domains including the imbal-
ance of APACHE II scores between the treatment groups. No
difference was found between combined therapy with metroni-
dazole and carbapenem for all endpoints. The third sensitivity
analysis further excluded Angeras et al [13] and Kempf et al [17]
in addition to Huizinga et al [16], removing all studies with a
high risk of bias across at least 2 assessment domains. Com-
bined therapy with metronidazole was associated with a signifi-
cantly higher number of clinical success cases than carbapenem
(OR = 1.63; 95% CI, 1.08–2.45; P = .02; I2 = 13%) (Supplemen-
tary Figure 1). No other difference was found between the

Figure 4. Forest plot of bacteriological eradication. Abbreviations: CI, confidence; MNX, Metronidazole.

Figure 5. Forest plot of all-cause mortality. Abbreviations: CI, confidence; MNX, Metronidazole.
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2 groups for other endpoints. Finally, the fourth sensitivity anal-
ysis, excluding all the studies above [13, 16, 17, 20], found no
difference between combined therapy with metronidazole and
carbapenem for all endpoints.

DISCUSSION

A systematic literature review identified 8 RCTs comparing
combined therapy with metronidazole and carbapenem for
the treatment of cIAIs. The results of the primary meta-analysis
showed no significant differences between combined therapy
with metronidazole and carbapenem in efficacy endpoints (clin-
ical success and bacteriological eradication) or safety endpoints
(all-cause mortality and drug-related adverse events).

Few meta-analysis studies compared efficacy and safety of
combined therapy with metronidazole to those of carbapenem
as single-agent therapy in treatment of cIAIs in recent years. A
similar meta-analysis conducted in 2006 investigated the effica-
cy of ciprofloxacin in combination with metronidazole and sev-
eral β-lactam-based regimens and suggested that the combined
therapy with metronidazole was superior to β-lactam-based reg-
imens with regard to cure, but the comparators included a va-
riety of β-lactam-based regimens [10]. The study did not
include analyses of safety endpoints, resulting in an unclear pic-
ture regarding the optimal treatment of cIAI; therefore, it is not
directly comparable to our analysis, despite similar findings in a
carbapenem group.

Several RCTs and meta-analyses investigating relevant anti-
microbial therapies for cIAIs have been reported over the last
several decades. When carbapenem first became available for
treating microbial infections in the 1980s, clindamycin had
long been the golden standard for the treatment of anaerobic
infections [21]. Several RCTs, each comparing carbapenem
and a conventional combination therapy with clindamycin
and aminoglycoside, consistently reported that carbapenem
was an effective antimicrobial drug for monotherapy of IAIs
with efficacy similar to or better than the combination of clin-
damycin and aminoglycoside [22–25]. A meta-analysis of 28
clinical trials also concluded that broad-spectrum β-lactams

were more effective than the clindamycin combination therapy
in treating IAIs [26]. These findings can be used to infer the im-
portant prospect of metronidazole (in combination with an
antiaerobic agent) in fulfilling the role of carbapenem as well
as the classic clindamycin regimen in the treatment of IAIs
when possible.

Furthermore, the efficacy and safety of combined therapy with
metronidazole have also been compared with those of tigecycline
in the literature. The results in the RCTs demonstrated that tige-
cycline monotherapy was similar to a combined therapy with
metronidazole with respect to treating patients with cIAI; howev-
er, more safety events of nausea and/or vomiting were reported
when treated with tigecycline [27–29]. These findings, coupled
with the cIAI guidelines’ concerns for the use of tigecycline in
mild-to-moderate complicated intra-abdominal infection due to
its very broad spectrum of tigecycline and for the use of carbape-
nem due to CRE [3], further suggest combined therapy with met-
ronidazole as one of the few valuable options left for the treatment
of cIAIs.

There are some limitations in this study. First, this study used
the endpoint of clinical success to reduce the likelihood of mis-
classification bias, but the identified studies used different defini-
tions of “clinical success”. There were 5 studies that combined the
number of cured and improved cases when reporting clinical suc-
cess; there were 2 studies that reported only cure; and the 1 re-
maining study reported those who were “not considered failure”
as their success cases (Supplementary Table 1). This slight incon-
sistency in endpoint definition may have underestimated the effi-
cacy of both treatment arms because a larger number of events
would have been expected if all studies reported both cure and
improvement.

Second, there were potential confounders among the includ-
ed studies. For example, for the primary analysis of clinical suc-
cess, 5 of the studies reported data on the clinically evaluable
population, and the remaining studies reported data on the pro-
tocol valid population (2 studies) or did not specify their pop-
ulation in detail (1 study). Three of the studies evaluated clinical
success at the end of therapy, 1 study evaluated clinical success

Figure 6. Forest plot of drug-related adverse events. Abbreviations: CI, confidence; MNX, Metronidazole.
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at the test of cure, and the 4 remaining studies did not specify
their measurement time point. For the primary analysis of bac-
teriological eradication, 5 of the studies reported data on the mi-
crobiologically evaluable population, and the remaining studies
reported data on the protocol valid population (2 studies) or did
not specify their population in detail (1 study). Three of the
studies evaluated bacteriological eradication at the end of ther-
apy, and the 4 remaining studies did not specify their measure-
ment time point. This limitation due to differences across the
identified studies and lack of detailed information from some
studies is inherent to a meta-analysis study; however, given
that these studies had relatively smaller sample sizes compared
with the studies with detailed findings and clear definition of
endpoints, only little impact, if any, is expected.

Third, our assessment of validity and quality of the identified
studies revealed that some of the included studies were at high
risk of bias. Three of the studies lacked blinding of participants
and outcome assessments [13, 16, 17], and 1 study reported no-
table differences in patient characteristics between treatment
groups within this particular study [16]. To assess the robust-
ness of the findings from the primary analysis and to better un-
derstand the impact of heterogeneity and potential confounders
across the identified studies, several sensitivity analyses were
conducted. The findings from the primary and sensitivity anal-
yses were consistent with no difference between combined ther-
apy with metronidazole and carbapenem when removing
Huizinga et al [16]. Hence, the imbalance of APACHE II scores
between the treatment groups did not seem to impact the results
in our study. Combined therapy with metronidazole had more
clinical success cases when removing those studies with a high
risk of bias [13, 16, 17] all together (P = .04); therefore, it is pos-
sible that a nonblinding design may have underestimated the ef-
ficacy of combined therapy with metronidazole. However,
because no other endpoints were affected by any of the sensitiv-
ity analyses, a careful interpretation is required.

Overall, our findings were robust and mostly consistent
across different inclusion and exclusion criteria, supporting
the guideline recommendation of treating cIAIs with metroni-
dazole and ceftazidime or cefepime [3]. Because of the contin-
ued effectiveness of metronidazole for cIAIs and the importance
of selectively using carbapenem to prevent the spread of CRE, it
is optimal to consider combined therapy with metronidazole
whenever possible in treating patients with cIAI.

CONCLUSIONS

In conclusion, the current meta-analysis revealed that com-
bined therapy with metronidazole can be an effective and safe
treatment option for cIAI, similar to carbapenem. The results
were consistent when differences in therapy drug type and po-
tential cofounders of the identified studies were considered. We
believe that combined therapy with metronidazole can be

considered as one of the alternatives in the treatment of cIAIs
in the era of drug resistance.

Supplementary Data
Supplementary material is available online at Open Forum Infectious Diseases
online (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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