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Abstract
Background  The treatment of complicated intra-abdominal infections remains a challenge. Both optimal medical and surgical 
therapy (i.e., source control) are needed to achieve low mortality and morbidity. The objective of this systematic review 
and meta-analysis is to determine the impact of carbapenem antibiotic therapy compared to other antibiotics in complicated 
intra-abdominal infections (secondary peritonitis) with an emphasis on mortality and postoperative complications.
Methods  A systematic literature search from PubMed/Medline and Web of Science databases was carried out. The last 
search was conducted in August 2022. PRISMA guidelines were followed. Pre-defined outcomes were mortality, treatment 
success, treatment failure, and adverse events.
Results  Ten randomized controlled trials, published from 1983 to 2013 with a total of 2377 patients (1255 patients in the 
carbapenem antibiotics group and 1122 in the control group), were identified. A meta-analysis comparing patients undergoing 
carbapenem antibiotic therapy and patients receiving other antibiotics was performed. No significant difference regarding 
mortality (OR 1.19, 95% CI [0.79; 1.82], p = 0.40), treatment success (OR 1.17, 95% CI [0.72; 1.91], p = 0.53), and treatment 
failure (OR 0.84, 95% CI [0.48; 1.45], p = 0.52) was observed. Carbapenem therapy was associated with fewer adverse events 
compared to therapy with other antibiotics (OR 0.79, 95% CI [0.65; 0.97], p = 0.022).
Conclusion  There is currently no evidence that carbapenem antibiotics are superior in terms of mortality, and success or 
failure for the treatment of complicated intra-abdominal infections (secondary peritonitis). The rate of adverse events is 
lower under carbapenem therapy compared to control antibiotics.
Trial Registration  PROSPERO 2018 CRD42018108854.
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Background

Complicated intra-abdominal infections (CII) and secondary 
peritonitis (SP) are characterized by a loss of bowel wall 
integrity and subsequent abscess formation and/or spread 
into the peritoneal cavity. The etiology is either spontaneous 
due to perforation or trauma, or postoperative, usually in 
the context of anastomotic leakage. CII can originate from 
the upper and lower gastrointestinal (GI) tract and from the 
hepatobiliary system. The most common sources of CII 
include perforated appendicitis, perforated diverticulitis 
of the sigmoid colon, gastric and duodenal ulcers, and 
perforated cholecystitis.
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CII are surgical emergencies associated with substantial 
mortality and morbidity, requiring immediate multimodal 
treatment: Source control strategies are dependent on the 
anatomical location and the etiology and include emergency 
laparotomy/laparoscopy, percutaneous drainage, and endo-
scopic interventions. The aim of these strategies is to close 
mucosal breaches, drain infected collections/abscesses, and 
remove necrotic tissue.

Early empiric systemic antibiotic (AB) therapy is the 
other cornerstone of the therapeutic approach.

CII are usually characterized by polymicrobial con-
tamination of the peritoneal cavity, requiring antimicrobial 
agents with a broad spectrum—covering coliforms and 
anaerobes among others—and a good tissue penetration. In 
addition, patient-related factors such as age, performance 
status, immunocompromised state, and previous antibi-
otic therapy need to be taken in account before the start of 
treatment.1

Once the results of microbiological culture and suscep-
tibility are obtained, a switch to a targeted antimicrobial 
therapy is possible and advised.

Early-stage empiric antibiotic (AB) treatment usually 
consists of broad spectrum single or multi drug regimens, 
without robust evidence for one combination of drugs over 
another.

In this context, carbapenem antibiotics such as mero-
penem or imipenem—classically used in critically ill 
patients—have been tested against other therapies, like broad 
spectrum beta lactam antibiotics or combinations of cepha-
losporin antibiotics plus metronidazole, in several studies. 
To date, no comprehensive meta-analysis on the effective-
ness of carbapenems versus other antibiotics for CII has been 
conducted.

The objective of this systematic review and meta-analysis 
is to determine the impact of carbapenem AB therapy when 
compared to other antibiotics in CII, to guide future clinical 
decision-making.

Methods

The literature search and data analysis were conducted in 
accordance with the PRISMA guidelines.2 The study has 
been registered in the PROSPERO database.3

Search Strategy

The PubMed/Medline and Web of Science databases were 
searched for this study through its respective online search 
engines. The search was performed on studies published 
between 1983 and a defined search date. The last search was 
conducted on 01.08.2022. The following search strategy was 

used: (((peritoniti*) OR “Peritonitis”[MeSH]) OR “Intraab-
dominal Infections”[MeSH]) AND antibio* OR “Anti- Bac-
terial Agents/therapy”[MeSH] AND ((“1983/01/01”[PDat]: 
“2022/08/01”[PDat])). Furthermore, the reference lists of the 
included studies were manually searched to find relevant arti-
cles. Abstracts and full-text reviews were evaluated indepen-
dently in an unblinded standardized manner by two authors 
(LS and MH) to assess eligibility for inclusion or exclusion. 
Disagreements between reviewers were resolved by consen-
sus; if no agreement could be reached, a third reviewer (AR) 
decided whether to include the respective study.

Inclusion and Exclusion Criteria

Articles in English and German were considered. Rand-
omized controlled trials reporting on patients over 18 years 
with secondary peritonitis that received surgery were 
included. Studies with patients under 18 years with no peri-
tonitis or primary peritonitis, palliative patients, and stud-
ies with no explicit information on antibiotic therapy with 
carbapenem antibiotics and control group were excluded. 
Animal studies were excluded. Also, studies with an irrel-
evant abstract or title were excluded, as were reviews, case 
reports, case series with less than five patients, comments, 
and letters. Details of the study selection process are sum-
marized in a flowchart (Fig. 1).

Data Collection

Studies were analyzed, and data was extracted separately by 
two authors and presented in a tabular fashion. Individual 
patient level data were extracted, and odds ratios were calcu-
lated for each study and outcome. The following descriptive 
data was documented for each selected study: first author, 
year of publication, and sample size. The following prede-
fined outcomes were also extracted: mortality, treatment suc-
cess (proportion of cases that successfully completed treat-
ment without bacteriological evidence of failure or defined 
as the included studies), treatment failure (proportion of 
cases that failed to complete treatment without bacteriologi-
cal evidence of failure or defined as the included studies), 
and adverse events for two groups: carbapenem antibiotics 
(CE) and other antibiotics (OA). Risk of bias was assessed 
by two authors using the Cochrane Collaboration risk-of-
bias tool for RCTs.

Statistical Analysis

R version 4.1.0 (R Project for Statistical Computing, Vienna, 
Austria) and the meta-analysis package meta for 1.9–9 were 
used for statistical analysis. A random effects model was 
used. The magnitude of the effect estimate was visualized 
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by forest and funnel plots. An odds ratio (log scale) (OR) 
was calculated for binary data. The 95% confidence interval 
(CI) was reported for each outcome.

Results

Among 8213 articles, 10 RCTs fulfilling the inclusion cri-
teria were identified and included in the meta-analysis4–14 
(Fig. 1). Inclusion period varied from 1983 to 2013. Study 
characteristics are depicted in Table 1. Within the included 
studies, a total of 2377 patients (1255 patients in the car-
bapenem antibiotics group and 1122 in the control group) 
were identified. Duration of follow-up ranged from 2–4 to 
4–6 weeks after end of treatment and was reported for 8 of 
the 10 RCTs (Supplemental Table 1).

Data on the source of infection could be extracted for 8 
studies with 2226 patients. Perforated/complicated appen-
dicitis was the origin of the complicated intra-abdominal 
infection in 1074 patients (48%, ranging from 37 to 60%). 
Seventeen percent (n = 370) of patients had an infection 
originating from the colon and 8% (n = 182) of infections 
were due to perforated stomach/duodenal ulcerations. Fur-
ther sources included gallbladder/biliary (7%, n = 161) and 

small bowel (4%, n = 91). Detailed information on the origin 
of infection for each study is given in Table 2.

Nine out of 10 RCTs reported on mortality. Fifty-seven 
and 44 patients died in the carbapenem and control group. 
Meta-analysis showed no significant difference between the 
carbapenem group and the control group (OR 1.19, 95% CI 
[0.79; 1.82], p = 0.40) (Fig. 2). Study heterogeneity was low 
(I2 = 0.00, p = 0.68). Five studies had detailed reports on the 
cause of death, with most deaths associated with cardiac 
failure and septic shock (Supplemental Table 2).

All included RCTs reported on adverse events. Slightly 
lower rates were observed in the carbapenem group (OR 
0.79, 95% CI [0.65; 0.97], p = 0.022) (Fig. 3). Heterogeneity 
among studies was low (I2 = 0.00, p = 0.89). Detailed infor-
mation on adverse events is summarized in Supplemental 
Table 2.

All included RCTs reported on treatment failure and treat-
ment success respectively. Meta-analysis of treatment fail-
ure and success revealed no statically significant differences 
between both groups (failure: OR 0.84, 95% CI [0.48; 1.45], 
p = 0.52, success: OR 1.17, 95% CI [0.72; 1.91], p = 0.53) 
(Figs. 4 and 5). Study heterogeneity was substantial for both 
endpoints (failure: I2 = 70.4%, p = 0.00, success: I2 = 72.8%, 
p = 0.00).

Fig. 1   PRISMA flow diagram
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Quality Assessment

All trials were RCTs of parallel-group, prospective design. 
Selection bias (random sequence generation and allocation 
concealment) was low for seven RCTs. Three studies had 
a high or unclear risk for selection bias (random sequence 
generation and allocation concealment). Performance bias 
(blinding of participants and personnel) was considered high 
in two studies in which selection bias was already considered 
high. There was a low risk of detection bias among all RCTs. 
Incomplete outcome data was reported in five studies (attri-
tion bias) and reporting bias was considered low only for one 
of the ten studies. Detailed information on the multi-level 
risk of bias assessment using the Cochrane Collaboration 
risk-of-bias tool for RCTs is given in Supplemental Table 1. 
Publication bias was considered high as demonstrated by the 
asymmetrical funnel plots in Supplemental Fig. 1.

Discussion

In this systematic review and meta-analysis, we report the 
impact of carbapenem AB therapy on mortality, treatment 
success, treatment failure, and adverse events in secondary 
peritonitis/complicated intra-abdominal infections. A total of 
10 RCTs were included. Perforated/complicated appendicitis 
accounted for around 50% of intra-abdominal infections. No 
differences between CE and OA groups were observed for 
mortality and treatment success/failure. There were fewer 
adverse events in the carbapenem group compared to the 
control group.

Our results are comparable with past evidence. Despite 
the high incidence and mortality, no clear surgical medi-
cal strategy for very severe cases is defined.15–17 Several 
guidelines give recommendations on how to treat these 
infections.18,19 In a meta-analysis from 1997 involving 10 
clinical trials, no statistically significant difference in clini-
cal response between carbapenem monotherapy and combi-
nations of antibiotic therapy in intra-abdominal infections 
was observed.20 Recent meta-analyses also found no clear 
advantage on use of carbapenem antibiotics over tigecyclines 
and β-Lactam monotherapy.21,22 To our knowledge, the pre-
sent study is the first meta-analysis comparing carbapenem 
therapy to any other antibiotic treatment for complicated 
intra-abdominal infections, with 4 pre-specified, clinically 
relevant endpoints.

One interesting aspect of our meta-analysis is the 
lower rate of adverse events in carbapenem antibiotics, 
compared to control drugs. The safety of carbapenems is 
well established. Development of a rash and nausea are 
among the most common adverse events, and treatment 
is discontinued in only around 1.5% due to side effects.23 
Allergic reactions are rare. The control antibiotics in our 
meta-analysis include piperacillin/tazobactam and others 
that likely cause more adverse events.

This meta-analysis has some limitations. The main draw-
back is that it is based on RCTs with relatively heterogenic 
outcome definitions, different (control) antibiotics, and study 
arms. Control antibiotics groups were cefuroxime and met-
ronidazole, piperacillin-tazobactam, ceftazidime/avibactam 
plus metronidazole, ampicillin-sulbactam, netilmicin plus 
clindamycin, cefotaxime plus metronidazole, clindamycin/

Table 1   Study characteristics

Author Year Patient intervention/control Intervention Control Endpoints

Gonzenbach 1984 47/46 Imipenem Netilmicin/clindamycin Adverse events, failure, success
Brismar 1992 58/55 Imipenem/cilastatin Piperacillin/tazobactam Mortality, adverse events, failure, 

success
Angeras 1996 258/257 (ITT), 161/145 Imipenem/cilastatin Cefuroxim/metronidazol Mortality, adverse events, failure, 

success
Kempf 1996 43/40 Meropenem Cefotaxim/metronidazol Mortality, adverse events, failure, 

success
Wilson 1997 132/134 (ITT) Meropenem Clindamycin/tobramycin Mortality, adverse events, failure, 

success
Jaccard 1998 83/76 Imipenem-cilastatin Piperacillin-tazobactam Mortality, adverse events, failure, 

success
Solomkin 2001 270/259 (ITT) Imipenem/cilastatin Clinafloxacin Mortality, adverse events, failure, 

success
Solomkin 2003 203/193 Ertapenem Piperacillin/tazobactam Mortality, adverse events, failure, 

success
Catena 2013 71/71 Ertapenem Ampicillin-sulbactam Mortality, adverse events, failure, 

success
Lucasti 2013 90/87 Meropenem Metronidazol/ceftazidim/avibac-

tam
Mortality, adverse events, failure, 

success
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tobramycin, and clinafloxacin. The carbapenem group 
included meropenem, imipenem/cilastatin, and ertapenem. 
All studies had a study arm of carbapenem antibiotics and 
one arm of other antibiotics. Treatment failure/success and 
adverse events had also relatively heterogenic definitions 
across the studies. Detailed information on the definitions 
of treatment success and treatment failure for each RCT are 
summarized in Supplemental Table 2.

Mortality was assessed without pre-specified cutoffs 
(e.g., 30-day or 90-day mortality) in all studies, represent-
ing another source of heterogeneity. The numbers of avail-
able RCTs and patients were relatively small, increasing 
the possibility for a type 2 error. The long inclusion period 
represents another source of potential bias, due to shifting 
treatment paradigms over time. AB treatment has poten-
tial long-term effects going beyond short-term treatment 
outcomes for individual patients, namely development of 
resistant microorganisms, representing a major burden for 
patients and health care providers. The impact of AB resist-
ance development was not investigated in the underlying 
RCTs and hence not meta-analyzed.

Acquired resistance against carbapenems is most often 
found in Klebsiella pneumoniae, with the highest prevalence 
of up to 12% in long-term care facilities.24 Multi-resistant 
gram-negative bacteria with carbapenem-resistance are 
commonly only responding to “last-resort” antibiotics such 
as colistin and tigecycline. Infections with these pathogens 
are associated with higher mortality compared to their 
non-resistant counterparts. Acinetobacter baumanii and 
Pseudomonas aeruginosa are among the most common 
species expressing this problematic, multi-drug resistant 
phenotype.25,26

The strength of this meta-analysis is that all available 
RCTs providing comparative information on the outcome 
of patients undergoing carbapenem antibiotics versus other 
antibiotics for complicated intra-abdominal infections were 
included. PRISMA guidelines were followed carefully, and 
individual patient level data was used for analysis, to ensure 
transparency and comparability across studies.

Therefore, the data should be carefully analyzed, inter-
preted, and applied. The findings of this work may provide 
useful information for the design of new RCTs and provide 
evidence for clinical guidelines.

Conclusion

In this meta-analysis, all relevant RCTs studies providing 
comparative information on the outcome of patients under-
going CE antibiotic therapy in CII/SP were included. There 
is no strong evidence to support CE AB therapy over other 
AB regimen in this context.Ta
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Fig. 2   Forest plot of pooled 
odds ratio with 95% CI for CE 
vs OA regarding mortality
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Fig. 3   Forest plot of pooled 
odds ratio with 95% CI for CE 
vs OA regarding adverse events
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Fig. 4   Forest plot of pooled 
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CE vs OA regarding treatment 
failure
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