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Adequately controlling the source of infection and prescribing appropriately antibiotic therapy are the cornerstones of the
management of patients with intra-abdominal infections (IAls). Correctly classifying patients with IAls is crucial to
assessing the severity of their clinical condition and deciding the strategy of the treatment, including a correct empiric
antibiotic therapy. Best practices in prescribing antibiotics may impact patient outcomes and the cost of treatment, as well
as the risk of “opportunistic” infections such as Clostridioides difficile infection and the development and spread of
antimicrobial resistance.
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| 1. Introduction

Intra-abdominal infections (IAls) are an important source of patient morbidity and may be associated with poor outcomes.
Treatment of patients with IAls has been described in the literature to have satisfactory results if the management is
adequate. In many studies, inclusion criteria limit the enrolment of critically ill patients, while in observational studies
enrolling patients with no restrictions in inclusion criteria the mortality rate is higher. The Complicated Intra-Abdominal
Infection Observational (CIAO) study, the Complicated Intra-Abdominal Infection Observational Worldwide (CIAOW) study,
and the World Society of Emergency Surgery (WSES) Complicated Intra-Abdominal Infections Score Study (WISS) study
showed mortality rates of 7.5%, 10.5%, and 9.2%, respectively [LI2I3],

Due to restrictive criteria, clinical trials usually over-represent patients who have perforated appendicitis, and patients
enrolled in clinical trials have often a high likelihood of survival, because trial eligibility criteria usually restrict the inclusion
of patients with serious comorbidities that can increase the death rate of patients [,

Patients with IAls should be classified correctly and stratified into low-risk and high-risk groups &l. Many risk factors have
been identified in the literature . These can be related to comorbidities, patient characteristics, and physiological
changes associated with the infection; to the adequacy and timing of source control; and/or to the likely presence of
multidrug-resistant organisms (MDROSs), leading to an ineffective initial empiric antimicrobial therapy.

Correctly classifying patients with lAls is crucial to assessing the severity of their clinical condition and deciding the
strategy of the treatment, including an appropriate empiric antibiotic therapy.

Adequate source control and appropriate antibiotic therapy are the cornerstones in the management of IAls. There is
general consensus that source control is pivotal in the management of IAls, where both controlling the source of infection
and controlling the ongoing contamination are very relevant to improving outcomes. Even if not definitively evaluated by
randomised control trials, the increase in death and other adverse outcomes associated with inadequate source control
demonstrates that it is of primary importance in treating patients with IAls A&,

In patients with IAls, antibiotic therapy is also important. It aims to eradicate the residual bacterial infection after source
control. In addition, some uncomplicated IAls (as in the case of some uncomplicated cases of acute appendicitis and
acute cholecystitis) can now be treated only with antibiotic therapy. Best practices in prescribing antibiotics may influence
patient outcomes and the cost of treatment, as well as the risk of “opportunistic” infections such as Clostridioides difficile
and the spread of antibiotic resistance in the individual patient and the broader environment. There is evidence that
inappropriate empiric antibiotic therapy is associated with treatment failure and poor patient outcomes [QI1QIILL[12]

The appropriateness of the initial empiric antibiotic therapy prescribed for IAls is crucial, because at least 24-48 h is
required to obtain standard microbiological data to target the antibiotic therapy. Core components of antibiotic prescription



practices include the following: adequacy of empiric antibiotic therapy; timing of antibiotic therapy; optimisation of
pharmacokinetic/pharmacodynamic (PK/PD) parameters; length of treatment; and reassessment of antibiotic therapy
based on the microbiological results and susceptibility testing.

In 2016, the WSES published the executive summary of a consensus conference held on July 23, 2016, in Dublin, Ireland,
covering all aspects of the management of IAls 18I, The first recommendation states that the anatomical extent of
infection, the presumed pathogens involved, any individual patient risk factors for difficult-to-treat pathogens, and the
patient’s clinical condition should always be assessed independently in classifying patients with |Als.

| 2. Anatomical Extent of Infection

IAls represent a heterogeneous group of infections of abdominal origin, ranging from simple acute appendicitis to more
complex diffuse peritonitis. A universally accepted classification divides intra-abdominal infections into uncomplicated and
complicated cases 14I15],

Uncomplicated IAls are those infections that, originating from an abdominal organ, remain confined to the same organ,
without extending to the peritoneum. In general, patients with uncomplicated IAls can undergo only surgery or only
antibiotic therapy (as in the case of the conservative treatment of uncomplicated acute appendicitis or acute cholecystitis)
(16]171[18] Moreover, in patients with uncomplicated IAls, when source control is managed adequately, postoperative
antibiotics are not necessary 8. Uncomplicated acute left colonic diverticulitis, in which clinical observation without
antibiotic therapy is generally suggested, is excluded from this classification 2,

Complicated IAls are those infections that, originating from an abdominal organ, extend into the peritoneum, giving rise to
peritonitis. Patients with complicated IAls always require both antibiotic therapy and source control 29, Nonetheless, there
are borderline intra-abdominal conditions that are difficult to categorise as complicated or uncomplicated IAls, such as
localised colonic diverticulitis or periappendiceal phlegmon, which are complicated IAls but may be managed with
antibiotic therapy alone, without a source control procedure.

Patients with complicated IAls are characterised as manifesting secondary peritonitis. Depending on the peritoneal extent
of the infectious process, complicated IAls are divided into localised and generalised.

Complicated IAls are localised when the extent of the infectious process is contained by the peritoneal defence
mechanisms. They are common in patients with complicated diverticulitis and appendicitis that, although evolving into
perforation, can contain the infectious process through an effective peritoneal reaction and with local defence
mechanisms, forming a circumscribed secondary acute peritonitis.

Complicated diffuse IAls, on the other hand, represent the consequence of a massive contamination of the entire
peritoneal cavity, following the inability of the patient’s peritoneal defence mechanisms to limit the extent of the intra-
abdominal infectious process, forming a secondary acute diffuse peritonitis.

In patients with complicated IAls, when source control is complete, a short course (3-5 days) of postoperative therapy is
generally suggested. This has been confirmed by a prospective control trial (STOP-IT) published in 2015 21, The study
randomised 260 patients with IAls undergoing adequate source control and receiving antibiotic therapy until 2 days after
the resolution of physiological abnormalities such as fever, leukocytosis, and ileus, with a maximum of 10 days (control
group), and 258 receiving a fixed course of antibiotics (experimental group) for 4 + 1 days. In patients with complicated
IAls undergoing an adequate source control procedure, the outcomes after a fixed duration of antibiotic therapy of
approximately 4 days were similar to those after a longer course of antibiotics of approximately 8 days extending until
after the resolution of physiological abnormalities. Among the enrolled patients, most of them were not severely ill.

Patients who have ongoing signs of infection or systemic signs of inflammation beyond 5-7 days of antibiotic treatment
should warrant a diagnostic investigation to address an ongoing source of infection or failure of antibiotic therapy, and to
determine whether a re-laparotomy is necessary.

The limit of this classification is that it does not really describe the complexity of the patient and can create confusion by
mixing elements of the extension of the infectious process and severity of the disease expression [22. On the other hand,
in its simplicity, this classification has the advantage of classifying the extension of the infection by identifying which
patients always need both antibiotic therapy and source control.



Finally, patients with complicated IAls may be characterised as manifesting tertiary peritonitis. There is much less
agreement regarding what is meant by tertiary peritonitis. It is typical of critically ill or immunocompromised patients and is
often associated with multidrug-resistant organisms (MDROS). It is typically associated with poor patient outcomes and is
generally considered to be a distinct form of peritonitis 2311241251 Tertiary peritonitis is generally described as a persistent
or recurrent peritonitis occurring >48 h after apparently adequate surgical source control. It is an evolution of secondary
peritonitis and should not be considered as a distinct entity. The term “ongoing peritonitis” (28] or “persistent peritonitis” [27]
may better indicate the physiopathology of this clinical condition.

3. Presumed Pathogens Involved and Individual Patient Risk Factors for
Difficult-to-Treat Pathogens

A classification according to the place where the patient contracts the infection divides the IAls into community-acquired
(CA-IAls), if acquired in the community, or hospital-acquired (HA-1Als), if acquired in a hospital or in health residences.

“Healthcare-associated infection” (HCAIs) is a commonly used term for describing infections acquired during the course of
receiving healthcare, including not only hospital-acquired infections but also infections in patients living in long-term care
facilities, recently hospitalised, or undergoing recent aggressive medical therapies. However, in the setting of HCAIs, there
are few data regarding the concept of HCAIs as opposed to hospital-acquired infections [28],

Differentiating patients with CA-IAls from patients with HA-IAIs allows the identification of patients with increased
likelihood of IAls caused by MDROs.

Unlike CA-IAls, HA-IAIs show a poorer prognosis and require more aggressive antibiotic therapy. HA-IAIs usually occur
after a period of hospitalisation—often after surgery, and in patients already treated with antibiotic therapy. From a
microbiological point of view, CA-1Als are characterised by the presence of bacteria usually residing in the gastrointestinal
tract, and are therefore generally predictable W&, HA-IAls often involve multidrug-resistant and unpredictable bacteria, in
terms of both the bacterial species involved and their sensitivity to antibiotics.

Among patients with HA-IAls, those with postoperative peritonitis may be associated with increased mortality due to
underlying patient comorbidity, atypical presentation due to non-specific clinical signs, and risk factors for acquiring
MDROs and Candida spp. infections [223031]

Antibiotics for empiric treatment of CA-IAls should cover enteric Gram-negative aerobic and facultative bacteria, enteric
Gram-positive streptococci, and obligate anaerobic bacilli such as Bacteroides fragilis (especially for IAls derived from the
distal small bowel, appendix, or colon) B2, The most commonly isolated Gram-negative facultative organism is
Escherichia coli L2,

Due to the increasing prevalence of Enterobacterales resistant to amoxicillin/clavulanate observed in community-acquired
infections, caution should be taken in using amoxicillin/clavulanate in settings with a high local rate of resistance to this
antibiotic.

However, most Enterobacterales remain susceptible to piperacillin/tazobactam. Its broad-spectrum activity makes it an
attractive option in the management of CA-l1Als, especially in critically ill patients or in patients with CA-lAls with other risk
factors of adverse outcomes—including advanced age (70 years of age or older); presence of malignant disease; major
compromise of cardiovascular, hepatic, or renal function; and hypoalbuminemia (€.

Most isolates of E. coli and other Enterobacterales in CA-lAls remain susceptible to third-generation cephalosporins.
Among third-generation cephalosporins, cefotaxime or ceftriaxone in association with metronidazole may be options for
empiric therapy of CA-lAls in patients with no risk factors for ESBLs. Cefepime is a fourth-generation cephalosporin, with
broader-spectrum activity than ceftriaxone. It is poorly hydrolysed by AmpC beta-lactamase, allowing it to be effective
against AmpC-producing organisms X2, For empiric therapy, cefepime must be combined with metronidazole, because it
is inactive against anaerobes.

In recent years, fluoroquinolones have been widely used in the treatment of IAls due to their activity against aerobic
Gram-negative bacteria and tissue penetration. The worldwide increase in resistance among E. coli and other
Enterobacterales has limited the use of fluoroquinolones for empiric treatment of CA-lAls, and they are generally
suggested in association with metronidazole and only in non-critically ill patients with allergy to beta-lactam agents.



In the context of complicated IAls, the main resistance burden is posed by ESBL-producing Enterobacterales, which are
prevalent in hospital-acquired infections but are also observed in community-acquired infections E2l34 ESBLs are
enzymes able to hydrolyse and inactivate a wide variety of beta-lactams, such as third-generation cephalosporins,
penicillins, and aztreonam (221881 Most ESBLs of clinical interest are encoded by genes located on plasmids. They are
able to carry genes encoding resistance to other classes of antibiotics, including aminoglycosides and fluoroquinolones
(381 Although routine testing for ESBLs is not performed by most microbiology laboratories B2, non-susceptibility to
ceftriaxone (MICs = 2 mcg/mL) may be used to confirm ESBL infections. However, recognising ESBLs on the basis of
susceptibility to ceftriaxone may present limitations, as bacteria that are not susceptible to ceftriaxone due to mechanisms
other than ESBL production may be incorrectly presumed to be ESBL-producers 2839,

ESBLs generally should not be covered in patients with CA-IAls with no signs of severity or without risk of treatment
failure, except in regions with particular local epidemiological conditions, where there is a high likelihood that ESBL-
producing Enterobacterales may be components of the infection.

Risk factors of ESBL-producing Enterobacterales in CA-lAls include recent exposure to antibiotics (particularly third-
generation cephalosporins or fluoroquinolones) and known colonisation with ESBL producing Enterobacterales. These
aspects should always be considered in stratifying patients with CA-1Als to prescribe an adequate empiric therapy.

Carbapenems have been considered the empiric antibiotics of choice for treating patients with ESBL-producing
Enterobacterales. Group 1 carbapenems include ertapenem—a once-a-day carbapenem sharing the same activity of
Group 2 carbapenems against ESBL-producing Enterobacterales. However, it is not active against Pseudomonas
aeruginosa and enterococci ¥, Group 2 includes imipenem/cilastatin, meropenem, and doripenem. Compared to
ertapenem, they have activity against non-fermentative Gram-negative bacilli. Unlike meropenem and doripenem,
imipenem/cilastatin is active against enterococci that are susceptible to ampicillin.

However, in order to avoid excessive carbapenem use, carbapenem-sparing strategies using other antibiotics—such as
piperacillin/tazobactam, an aminoglycoside agent, tigecycline, or eravacycline—should be considered.

The significance of piperacillin/tazobactam for treating ESBL-producing Enterobacterales has been a debated issue.
Gram-negative bacteria have the ability to concomitantly produce multiple ESBLs as well as AmpC beta-lactamases and
can possess other mechanisms of resistance limiting the activity of piperacillin/tazobactam 1. On the other hand, the
activity of piperacillin/tazobactam is influenced by the “inoculum effect’—a laboratory phenomenon described as a
significant increase in the MIC of an antibiotic when a great number of bacteria are inoculated 411,

An RCT conducted in patients with ESBL-producing Enterobacterales bloodstream infections 22 demonstrated inferior
results of piperacillin/tazobactam compared to carbapenems. Although piperacillin/tazobactam is not considered the first-
choice antibiotic to treat ESBL-producing Enterobacterales 43, it may still be considered a valuable carbapenem-sparing
agent in the management of ESBLs in IAls treated with adequate source control when dealing with fully susceptible
bacteria (MIC < 8 mg/L). A high dose (18 g) should be prescribed to optimise PK/PD targeting in critically ill patients 44!,

Aminoglycosides have in vitro activity against aerobic Gram-negative bacteria, including ESBL-producing
Enterobacterales, and act synergistically against certain Gram-positive bacteria.

Because of their serious toxic side effects, including nephrotoxicity and ototoxicity, some authors do not recommend
aminoglycosides for the routine empiric treatment of IAls 8. They may be reserved for patients with allergies to beta-
lactam agents or used in combination with beta-lactam agents [43. In any case, this class of antibiotics remains an
important option to treat Gram-negative bacteria and widen the spectrum of antibiotic therapy when resistant organisms
are suspected.

Tigecycline remains a useful option for treating patients with complicated IAls, due to its favourable activity against
anaerobic organisms, enterococci, and ESBLs 8l |t has no in vitro activity against P. aeruginosa or certain
Enterobacterales, including Proteus spp. and Serratia spp. Excess mortality was observed in patients treated with
tigecycline when compared with other antibiotics 4. Study-level and patient-level analyses demonstrated that, in
particular, patients with ventilator-associated pneumonia and baseline bacteraemia were at a higher risk of mortality. A
mortality analysis was used to investigate the association of baseline factors with clinical failure and mortality in
complicated IAls and did not suggest that tigecycline was a factor either for failure or for death in phase 3 and 4
comparative clinical trials of tigecycline 8. Tigecycline should not be considered the first-line option for treating hospital-
acquired pneumonia and bacteraemia.



Eravacycline is an antibiotic that is structurally similar to tigecycline. Eravacycline demonstrates broad-spectrum activity
against Gram-positive, Gram-negative—including ESBLs-producing Enterobacterales—and anaerobic bacteria. Like
tigecycline, it is inactive against P. aeruginosa 3. Eravacycline is well-tolerated with nausea and vomiting and,
interestingly, is also available for oral administration.

Finally, ceftolozane/tazobactam and ceftazidime/avibactam have shown efficacy in treating patients with |Als caused by
ESBL-producing Enterobacterales BU5U, They may be especially useful in critically ill patients when dealing with isolates
exhibiting high MIC values ¥4l In settings with a high prevalence of carbapenem-resistant Enterobacterales (CRE),
ceftazidime/avibactam should be reserved for the treatment of CRE.

Among Gram-negative bacteria, carbapenem-resistant Enterobacterales represent a heterogeneous group of bacteria
with more potential mechanisms of antibiotic resistance. They are generally divided into carbapenemase-producing
Enterobacterales and non-carbapenemase-producing Enterobacterales. Carbapenemases hydrolyse penicillins, all
cephalosporins, beta-lactamase inhibitors, and even carbapenems. The most widespread carbapenemases are Klebsiella
pneumoniae carbapenemases BABESIAES] These are rapidly emerging as an important source of hospital-acquired
infections in many regions of the world. Metallo-beta-lactamases (MBLs) differ from the other beta-lactamases in their
requirement of zinc for activity. MBLs are all capable of hydrolysing most beta-lactam agents, including carbapenems,
except for the monobactam aztreonam.

Alarming rates of resistance to many antibiotics in health facilities worldwide have been reported for non-fermenting
Gram-negative bacteria, including P. aeruginosa, Stenotrophomonas maltophilia, and Acinetobacter baumannii. Non-
fermenting Gram-negative bacteria are intrinsically resistant to many antibiotics; moreover, they can acquire additional
resistance to other important antibiotic agents. These mechanisms may be present simultaneously and can confer
resistance to different classes of antibiotics.

Various mechanisms of resistance have been identified in P. aeruginosa, including membrane permeability defects,
expression of efflux pumps, and production of antibiotic-hydrolysing enzymes such as AmpC beta-lactamases or
carbapenemases. The most prevalent carbapenemases in P. aeruginosa are MBLs, such as Verona integron-encoded
metallo-p-lactamase (VIM) and imipenemase (IMP) types.

In recent years, several new antibiotics with predominant activity against Gram-negative bacteria have been approved by
the U.S. Food and Drug Administration (FDA) and the European Medicines Agency (EMA). Meropenem/vaborbactam,

ceftazidime/avibactam, and imipenem/cilastatin/relebactam are the options for carbapenemase-producing K. pneumoniae
infections [B8II57I58]159][60][61][62](63][64](65]

The lack of in vitro activity of ceftazidime/avibactam against metallo-beta-lactamase (MBL) and the observation that many
MBL-producing infections can coproduce other beta-lactamases—including ESBLs, AmpC, and OXA-48—suggest a
potential effect of combining ceftazidime/avibactam with aztreonam, which is not hydrolysed by MBLs [E8I67[68]

Ceftazidime/avibactam is the preferred treatment option for OXA-48-like-producing Enterobacterales. It has no activity
against anaerobic bacteria.

Ceftazidime/avibactam in combination with aztreonam or cefiderocol (81 as monotherapy are the preferred treatment
option for MBL-producing Enterobacterales.

Due to its epithelial lining fluid penetration, meropenem-vaborbactam should be used as first therapeutic choice in patients
with ventilator-associated pneumonia due to KPC-producing Enterobacterales.

Cefiderocol appears to be effective in vitro against all resistance phenotypes of P. aeruginosa, including MBLs.
Cefiderocol is also effective in vitro against extreme drug resistant A. baumannii. Despite these promising early data, a
recent clinical trial did not support the higher effectiveness of cefiderocol in the patient subset with A. baumannii infections
(691 Therefore, further clinical data are needed to better understand the role of this novel option 2.

Local epidemiological data for selecting an adequate empiric antibiotic therapy in patients with HA-IAls at risk of infection
with drug-resistant Gram-negative bacteria can be useful to define the appropriate antibiotic approach.

Among Gram-positive bacteria, the pathogenicity of enterococci in IAls has been a debated issue A7l 5|50
hypothesising a synergistic effect with other bacteria such as E. coli and anaerobes ZBI8I/7, Some studies have
demonstrated poor outcomes in patients with HA-IAls, especially in critically ill patients 223l |n this setting, coverage
against enterococci should be always considered. Although Enterococcus isolation was not found to be an independent



risk factor for the composite outcomes in non-critically ill patients in a post hoc analysis of the STOP-IT trial database [Z4],

patients who had previously received cephalosporins or other antibiotics for enterococci, immunocompromised patients,

and patients with valvular heart disease or prosthetic intravascular materials were also considered to need coverage

against enterococci 22,

References

1.

10.

11.

12.

13.

14.

15.

16.

Sartelli, M.; Catena, F.; Ansaloni, L.; Leppaniemi, A.; Taviloglu, K.; van Goor, H.; Viale, P.; Lazzareschi, D.V.; Coccolini,
F.; Corbella, D.; et al. Complicated intra-abdominal infections in Europe: A comprehensive review of the CIAO study.
World J. Emerg. Surg. 2012, 7, 36.

. Sartelli, M.; Catena, F.; Ansaloni, L.; Coccolini, F.; Corbella, D.; Moore, E.E.; Malangoni, M.; Velmahos, G.; Coimbra, R.;

Koike, K.; et al. Complicated intra-abdominal infections worldwide: The definitive data of the CIAOW Study. World J.
Emerg. Surg. 2014, 9, 37.

. Sartelli, M.; Abu-Zidan, F.M.; Catena, F.; Griffiths, E.A.; Di Saverio, S.; Coimbra, R.; Ordofiez, C.A.; Leppaniemi, A.;

Fraga, G.P.; Coccolini, F.; et al. Global validation of the WSES Sepsis Severity Score for patients with complicated
intra-abdominal infections: A prospective multicentre study (WISS Study). World J. Emerg. Surg. 2015, 10, 61.

. Merlino, J.1.; Malangoni, M.A.; Smith, C.M.; Lange, R.L. Prospective randomized trials affect the outcomes of

intraabdominal infection. Ann. Surg. 2001, 233, 859-866.

. Swenson, B.R.; Metzger, R.; Hedrick, T.L.; McElearney, S.T.; Evans, H.L.; Smith, R.L.; Chong, T.W.; Popovsky, K.A.;

Pruett, T.L.; Sawyer, R.G. Choosing antibiotics for intra-abdominal infections: What do we mean by “high risk”? Surg.
Infect. 2009, 10, 29-39.

. Mazuski, J.E.; Tessier, J.M.; May, A.K.; Sawyer, R.G.; Nadler, E.P.; Rosengart, M.R.; Chang, P.K.; O'Neill, P.J.; Mollen,

K.P.; Huston, J.M.; et al. The Surgical Infection Society Revised Guidelines on the Management of Intra-Abdominal
Infection. Surg. Infect. 2017, 18, 1-76.

. Martinez, M.L.; Ferrer, R.; Torrents, E.; Guillamat-Prats, R.; Goma, G.; Suarez, D.; Alvarez-Rocha, L.; Pozo Laderas,

J.C.; Martin-Loeches, |.; Levy, M.M.; et al. Impact of Source Control in Patients With Severe Sepsis and Septic Shock.
Crit. Care Med. 2017, 45, 11-19.

. Tellor, B.; Skrupky, L.P.; Symons, W.; High, E.; Micek, S.T.; Mazuski, J.E. Inadequate Source Control and Inappropriate

Antibiotics are Key Determinants of Mortality in Patients with Intra-Abdominal Sepsis and Associated Bacteremia. Surg.
Infect. 2015, 16, 785-793.

. Guilbart, M.; Zogheib, E.; Ntouba, A.; Rebibo, L.; Régimbeau, J.M.; Mahjoub, Y.; Dupont, H. Compliance with an

empirical antimicrobial protocol improves the outcome of complicated intra-abdominal infections: A prospective
observational study. Br. J. Anaesth. 2016, 117, 66-72.

Krobot, K.; Yin, D.; Zhang, Q.; Sen, S.; Altendorf-Hofmann, A.; Scheele, J.; Sendt, W. Effect of inappropriate initial
empiric antibiotic therapy on outcome of patients with community-acquired intra-abdominal infections requiring surgery.
Eur. J. Clin. Microbiol. Infect. Dis. 2004, 23, 682—687.

Davey, P.G.; Marwick, C. Appropriate vs. inappropriate antimicrobial therapy. Clin. Microbiol. Infect. 2008, 14 (Suppl.
S3), 15-21.

Sturkenboom, M.C.; Goettsch, W.G.; Picelli, G.; in ‘t Veld, B.; Yin, D.D.; de Jong, R.B.; Go, P.M.; Herings, R.M.
Inappropriate initial treatment of secondary intra-abdominal infections leads to increased risk of clinical failure and
costs. Br. J. Clin. Pharmacol. 2005, 60, 438—443.

Sartelli, M.; Catena, F.; Abu-Zidan, F.M.; Ansaloni, L.; Biffl, W.L.; Boermeester, M.A.; Ceresoli, M.; Chiara, O.; Coccolini,
F.; De Waele, J.J.; et al. Management of intra-abdominal infections: Recommendations by the WSES 2016 consensus
conference. World J. Emerg. Surg. 2017, 12, 22.

Sartelli, M. A focus on intra-abdominal infections. World J. Emerg. Surg. 2010, 5, 9.

Sartelli, M.; Weber, D.G.; Ruppé, E.; Bassetti, M.; Wright, B.J.; Ansaloni, L.; Catena, F.; Coccolini, F.; Abu-Zidan, F.M.;
Coimbra, R.; et al. Erratum to: Antimicrobials: A global alliance for optimizing their rational use in intra-abdominal
infections (AGORA). World J. Emerg. Surg. 2017, 12, 35.

Sartelli, M.; Coccolini, F.; Kluger, Y.; Agastra, E.; Abu-Zidan, F.M.; Abbas, A.E.S.; Ansaloni, L.; Adesunkanmi, A.K.;
Atanasov, B.; Augustin, G.; et al. WSES/GAIS/SIS-E/WSIS/AAST global clinical pathways for patients with intra-
abdominal infections. World J. Emerg. Surg. 2021, 16, 49.



17.

18.

19

20.

21.

22.

23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Di Saverio, S.; Podda, M.; De Simone, B.; Ceresoli, M.; Augustin, G.; Gori, A.; Boermeester, M.; Sartelli, M.; Coccolini,
F.; Tarasconi, A.; et al. Diagnosis and treatment of acute appendicitis: 2020 update of the WSES Jerusalem guidelines.
World J. Emerg. Surg. 2020, 15, 27.

Pisano, M.; Allievi, N.; Gurusamy, K.; Borzellino, G.; Cimbanassi, S.; Boerna, D.; Coccolini, F.; Tufo, A.; Di Martino, M.;
Leung, J.; et al. 2020 World Society of Emergency Surgery updated guidelines for the diagnosis and treatment of acute
calculus cholecystitis. World J. Emerg. Surg. 2020, 15, 61.

. Sartelli, M.; Weber, D.G.; Kluger, Y.; Ansaloni, L.; Coccolini, F.; Abu-Zidan, F.; Augustin, G.; Ben-Ishay, O.; Biffl, W.L.;

Bouliaris, K.; et al. 2020 update of the WSES guidelines for the management of acute colonic diverticulitis in the
emergency setting. World J. Emerg. Surg. 2020, 15, 32.

Sartelli, M.; Chichom-Mefire, A.; Labricciosa, F.M.; Hardcastle, T.; Abu-Zidan, F.M.; Adesunkanmi, A.K.; Ansaloni, L.;
Bala, M.; Balogh, Z.J.; Beltran, M.A.; et al. The management of intra-abdominal infections from a global perspective:
2017 WSES guidelines for management of intra-abdominal infections. World J. Emerg. Surg. 2017, 12, 29.

Sawyer, R.G.; Claridge, J.A.; Nathens, A.B.; Rotstein, O.D.; Duane, T.M.; Evans, H.L.; Cook, C.H.; O'Neill, P.J.;
Mazuski, J.E.; Askari, R.; et al. Trial of short-course antimicrobial therapy for intraabdominal infection. N. Engl. J. Med.
2015, 372, 1996-2005.

Blot, S.; De Waele, J.J.; Vogelaers, D. Essentials for selecting antimicrobial therapy for intra-abdominal infections.
Drugs 2012, 72, e17—e32.

Gupta, S.; Kaushik, R. Peritonitis—The Eastern experience. World J. Emerg. Surg. 2006, 1, 13.

Mishra, S.P.; Tiwary, S.K.; Mishra, M.; Gupta, S.K. An introduction of tertiary peritonitis. J. Emerg. Trauma Shock 2014,
7,121-123.

Reemst, P.H.; van Goor, H.; Goris, R.J. SIRS, MODS and tertiary peritonitis. Eur. J. Surg. Suppl. 1996, 576, 47-48.

Lamme, B.; Mahler, C.W.; van Ruler, O.; Gouma, D.J.; Reitsma, J.B.; Boermeester, M.A. Clinical predictors of ongoing
infection in secondary peritonitis: Systematic review. World J. Surg. 2006, 30, 2170-2181.

Montravers, P.; Dufour, G.; Guglielminotti, J.; Desmard, M.; Muller, C.; Houissa, H.; Allou, N.; Marmuse, J.P.; Augustin,
P. Dynamic changes of microbial flora and therapeutic consequences in persistent peritonitis. Crit. Care 2015, 19, 70.

Cardoso, T.; Almeida, M.; Friedman, N.D.; Aragéo, |.; Costa-Pereira, A.; Sarmento, E.; Azevedo, L. Classification of
healthcare-associated infection: A systematic review 10 years after the first proposal. BMC Med. 2014, 12, 40.

Seguin, P.; Fédun, Y.; Laviolle, B.; Nesseler, N.; Donnio, P.Y.; Mallédant, Y. Risk factors for multidrug-resistant bacteria
in patients with post-operative peritonitis requiring intensive care. J. Antimicrob. Chemother. 2010, 65, 342—-346.

Augustin, P.; Kermarrec, N.; Muller-Serieys, C.; Lasocki, S.; Chosidow, D.; Marmuse, J.P.; Valin, N.; Desmonts, J.M.;
Montravers, P. Risk factors for multi drug resistant bacteria and optimization of empirical antibiotic therapy in
postoperative peritonitis. Crit. Care 2010, 14, R20.

Lee, D.S.; Ryu, J.A.; Chung, C.R.; Yang, J.; Jeon, K.; Suh, G.Y,; Lee, W.Y,; Park, C.M. Risk factors for acquisition of
multidrug-resistant bacteria in patients with anastomotic leakage after colorectal cancer surgery. Int. J. Colorectal. Dis.
2015, 30, 497-504.

Solomkin, J.S.; Mazuski, J.E.; Bradley, J.S.; Rodvold, K.A.; Goldstein, E.J.; Baron, E.J.; O'Neill, P.J.; Chow, AW.;
Dellinger, E.P.; Eachempati, S.R.; et al. Diagnosis and management of complicated intra-abdominal infection in adults
and children: Guidelines by the Surgical Infection Society and the Infectious Diseases Society of America. Clin. Infect.
Dis. 2010, 50, 133-164.

Morrissey, I.; Hackel, M.; Badal, R.; Bouchillon, S.; Hawser, S.; Biedenbach, D. A review of ten years of the study for
monitoring antimicrobial resistance trends (SMART) from 2002 to 2011. Pharmaceuticals 2013, 6, 1335-1346.

Hawser, S.P.; Bouchillon, S.K.; Hoban, D.J.; Badal, R.E.; Cantén, R.; Baquero, F. Incidence and antimicrobial
susceptibility of Escherichia coli and Klebsiella pneumoniae with extended-spectrum beta-lactamases in community-
and hospital-associated intra-abdominal infections in Europe: Results of the 2008 Study for Monitoring Antimicrobial
Resistance Trends (SMART). Antimicrob. Agents Chemother. 2010, 54, 3043—-3046.

Schultsz, C.; Geerlings, S. Plasmid-mediated resistance in Enterobacterales: Changing landscape and implications for
therapy. Drugs 2012, 72, 1-16.

Perez, F.; Bonomo, R.A. Can we really use beta-lactam/beta-lactam inhibitor combinations for the treatment of
infections caused by extended-spectrum beta-lactamase-producing bacteria? Clin. Infect. Dis. 2012, 54, 175-177.

Robberts, F.J.; Kohner, P.C.; Patel, R. Unreliable extended-spectrum beta-lactamase detection in the presence of
plasmid-mediated AmpC in Escherichia coli clinical isolates. J. Clin. Microbiol. 2009, 47, 358—-361.



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

Tamma, P.D.; Humphries, R.M. PRO: Testing for ESBL production is necessary for ceftriaxone-non-susceptible
Enterobacterales: Perfect should not be the enemy of progress. JAC Antimicrob. Resist. 2021, 3, dlab019.

Mathers, A.J.; Lewis, J.S., 2nd. CON: Testing for ESBL production is unnecessary for ceftriaxone-resistant
Enterobacterales. JAC Antimicrob. Resist. 2021, 3, dlab020.

Hammond, M.L. Ertapenem: A group 1 carbapenem with distinct antibacterial and pharmacological properties. J.
Antimicrob. Chemother. 2004, 53, ii7—-ii9.

Karaiskos, |.; Giamarellou, H. Carbapenem-Sparing Strategies for ESBL Producers: When and How. Antibiotics 2020,
9, 61.

Harris, P.N.A.; Tambyah, P.A.; Lye, D.C.; Mo, Y.; Lee, T.H.; Yilmaz, M.; Alenazi, T.H.; Arabi, Y.; Falcone, M.; Bassetti, M.;
et al. Effect of Piperacillin-tazobactam vs meropenem on 30-day mortality for patients with E coli or Klebsiella
pneumoniae bloodstream infection and ceftriaxone resistance: A randomized clinical trial. JAMA 2018, 320, 984—-994.

Tamma, P.D.; Aitken, S.L.; Bonomo, R.A.; Mathers, A.J.; van Duin, D.; Clancy, C.J. Infectious Diseases Society of
America Guidance on the Treatment of Extended-Spectrum (-lactamase Producing Enterobacterales (ESBL-E),
Carbapenem-Resistant Enterobacterales (CRE), and Pseudomonas aeruginosa with Difficult-to-Treat Resistance
(DTR-P. aeruginosa). Clin. Infect. Dis. 2021, 72, e169-e183.

Gatti, M.; Viaggi, B.; Rossolini, G.M.; Pea, F.; Viale, P. An Evidence-Based Multidisciplinary Approach Focused at
Creating Algorithms for Targeted Therapy of BSIs, cUTls, and clAls Caused by Enterobacterales in Critically Ill Adult
Patients. Infect. Drug Resist. 2021, 14, 2461-2498.

Montravers, P.; Dupont, H.; Leone, M.; Constantin, J.M.; Mertes, P.M.; Société Francaise D’anesthésie et de
Réanimation (Sfar); Société de Réanimation de Langue Francaise (SRLF); Laterre, P.F.; Misset, B.; Société de
Pathologie Infectieuse de Langue Frangaise (SPILF); et al. Guidelines for management of intra-abdominal infections.
Anaesth. Crit. Care Pain Med. 2015, 34, 117-130.

Heizmann, W.R.; L6schmann, P.A.; Eckmann, C.; Von Eiff, C.; Bodmann, K.F.; Petrik, C. Clinical efficacy of tigecycline
used as monotherapy or in combination regimens for complicated infections with documented involvement of
multiresistant bacteria. Infection 2015, 43, 37—-43.

McGovern, P.C.; Wible, M.; El-Tahtawy, A.; Biswas, P.; Meyer, R.D. All-cause mortality imbalance in the tigecycline
phase 3 and 4 clinical trials. Int. J. Antimicrob. Agents 2013, 41, 463—-467.

Bassetti, M.; McGovern, P.C.; Wenisch, C.; Meyer, R.D.; Yan, J.L.; Wible, M.; Rottinghaus, S.T.; Quintana, A. Clinical
response and mortality in tigecycline complicated intra-abdominal infection and complicated skin and soft-tissue
infection trials. Int. J. Antimicrob. Agents 2015, 46, 346—350.

Scott, L.J. Eravacycline: A Review in Complicated Intra-Abdominal Infections. Drugs 2019, 79, 315-324.

Solomkin, J.; Hershberger, E.; Miller, B.; Popejoy, M.; Friedland, I.; Steenbergen, J.; Yoon, M.; Collins, S.; Yuan, G.;
Barie, P.S. Ceftolozane/Tazobactam plus metronidazole for complicated intra-abdominal infections in an era of
multidrug resistance: Results from a randomized, double-blind, phase 3 trial (ASPECT-clAI). Clin. Infect. Dis. 2015, 60,
1462-1471.

Mazuski, J.E.; Gasink, L.B.; Armstrong, J.; Broadhurst, H.; Stone, G.G.; Rank, D.; Llorens, L.; Newell, P.; Pachl, J.
Efficacy and safety of ceftazidime-avibactam plus metronidazole versus meropenem in the treatment of complicated
intra-abdominal infection: Results from a randomized, controlled, double-blind, phase 3 program. Clin. Infect. Dis. 2016,
62, 1380-1389.

Nordmann, P.; Cuzon, G.; Naas, T. The real threat of Klebsiella pneumoniae carbapenemase-producing bacteria.
Lancet Infect. Dis. 2009, 9, 228-236.

Libbert, C.; Rodloff, A.C.; Laudi, S.; Simon, P.; Busch, T.; Méssner, J.; Bartels, M.; Kaisers, U.X. Lessons learned from
excess mortality associated with Klebsiella pneumoniae carbapenemase 2-producing K. pneumoniae in liver transplant
recipients. Liver Transpl. 2014, 20, 736—738.

Tzouvelekis, L.S.; Markogiannakis, A.; Piperaki, E.; Souli, M.; Daikos, G.L. Treating infections caused by
carbapenemase-producing Enterobacterales. Clin. Microbiol. Infect. 2014, 20, 862—-872.

Munoz-Price, L.S.; Poirel, L.; Bonomo, R.A.; Schwaber, M.J.; Daikos, G.L.; Cormican, M.; Cornaglia, G.; Garau, J.;
Gniadkowski, M.; Hayden, M.K.; et al. Clinical epidemiology of the global expansion of Klebsiella pneumoniae
carbapenemases. Lancet Infect. Dis. 2013, 13, 785-796.

Van Duin, D.; Lok, J.J.; Earley, M.; Cober, E.; Richter, S.S.; Perez, F.; Salata, R.A.; Kalayjian, R.C.; Watkins, R.R.; Doi,
Y.; et al. Colistin versus ceftazidime-avibactam in the treatment of infections due to carbapenem-resistant
Enterobacterales. Clin. Infect. Dis. 2018, 66, 163-171.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Caston, J.J.; Lacort-Peralta, |.; Martin-Davila, P.; Loeches, B.; Tabares, S.; Temkin, L.; Torre-Cisneros, J.; Pafio-Pardo,
J.R. Clinical efficacy of ceftazidime/avibactam versus other active agents for the treatment of bacteremia due to
carbapenemase-producing Enterobacterales in hematologic patients. Int. J. Infect. Dis. 2017, 59, 118-123.

Tumbarello, M.; Trecarichi, E.M.; Corona, A.; De Rosa, F.G.; Bassetti, M.; Mussini, C.; Menichetti, F.; Viscoli, C.;
Campoli, C.; Venditti, M.; et al. Efficacy of ceftazidime-avibactam salvage therapy in patients with infections caused by
Klebsiella pneumoniae carbapenemase-producing K. pneumoniae. Clin. Infect. Dis. 2019, 68, 355-364.

Shields, R.K.; Nguyen, M.H.; Chen, L.; Press, E.G.; Potoski, B.A.; Marini, R.V.; Doi, Y.; Kreiswirth, B.N.; Clancy, C.J.
Ceftazidime-Avibactam is superior to other treatment regimens against carbapenem-resistant Klebsiella pneumoniae
bacteremia. Antimicrob. Agents Chemother. 2017, 61, 8.

Temkin, E.; Torre-Cisneros, J.; Beovic, B.; Benito, N.; Giannella, M.; Gilarranz, R.; Jeremiah, C.; Loeches, B.; Machuca,
I.; Jiménez-Martin, M.J.; et al. Ceftazidime-Avibactam as salvage therapy for infections caused by carbapenem-
resistant organisms. Antimicrob. Agents Chemother. 2017, 61, 2.

King, M.; Heil, E.; Kuriakose, S.; Bias, T.; Huang, V.; EI-Beyrouty, C.; McCoy, D.; Hiles, J.; Richards, L.; Gardner, J.; et
al. Multicenter study of outcomes with ceftazidime-avibactam in patients with carbapenem-resistant Enterobacterales
infections. Antimicrob. Agents Chemother. 2017, 61, 7.

Wunderink, R.G.; Giamarellos-Bourboulis, E.J.; Rahav, G.; Rahay, G.; Mathers, A.J.; Bassetti, M.; Vazquez, J.; Cornely,
O.A.; Solomkin, J.; Bhowmick, T.; et al. Effect and safety of meropenem-vaborbactam versus best-available therapy in
patients with carbapenem-resistant Enterobacterales infections: The TANGO Il randomized clinical trial. Infect. Dis.
Ther. 2018, 7, 439-455.

Ackley, R.; Roshdy, D.; Meredith, J.; Minor, S.; Anderson, W.E.; Capraro, G.A.; Polk, C. Meropenem-Vaborbactam
versus Ceftazidime-Avibactam for Treatment of Carbapenem-Resistant Enterobacterales Infections. Antimicrob. Agents
Chemother. 2020, 64, 5.

Alosaimy, S.; Jorgensen, S.C.J.; Lagnf, A.M.; Morrisette, T.; Scipione, M.R.; Zhao, J.J.; Jorgensen, S.C.; Mynatt, R.;
Carlson, T.J.; Jo, J.; et al. Real-world multicenter analysis of clinical outcomes and safety of meropenem-vaborbactam
in patients treated for serious gram-negative bacterial infections. Open Forum Infect. Dis. 2020, 7, ofaa051.

Motsch, J.; Murta de Oliveira, C.; Stus, V.; Kdksal, I.; Lyulko, O.; Boucher, H.W.; Kaye, K.S.; File, T.M.; Brown, M.L.;
Khan, I.; et al. RESTORE-IMI 1: A Multicenter, Randomized, Double-blind Trial Comparing Efficacy and Safety of
Imipenem/Relebactam vs Colistin Plus Imipenem in Patients With Imipenem-nonsusceptible Bacterial Infections. Clin.
Infect. Dis. 2020, 70, 1799-1808.

Benchetrit, L.; Mathy, V.; Armand-Lefevre, L.; Bouadma, L.; Timsit, J.-F. Successful treatment of septic shock due to
NDM-1-producing Klebsiella pneumoniae using ceftazidime/avibactam combined with aztreonam in solid organ
transplant recipients: Report of two cases. Int. J. Antimicrob. Agents 2020, 55, 105842.

Falcone, M.; Daikos, G.L.; Tiseo, G.; Bassoulis, D.; Giordano, C.; Galfo, V.; Leonildi, A.; Tagliaferri, E.; Barnini, S.; Sani,
S.; et al. Efficacy of Ceftazidime-avibactam Plus Aztreonam in Patients With Bloodstream Infections Caused by
Metallo-B-lactamase-Producing Enterobacterales. Clin. Infect. Dis. 2021, 72, 1871-1878.

Hobson, C.A.; Bonacorsi, S.; Fahd, M.; Baruchel, A.; Cointe, A.; Poey, N.; Jacquier, H.; Doit, C.; Monjault, A.; Tenaillon,
O.; et al. Successful Treatment of Bacteremia Due to NDM-1-Producing Morganella morganii with Aztreonam and
Ceftazidime-Avibactam Combination in a Pediatric Patient with Hematologic Malignancy. Antimicrob. Agents
Chemother. 2019, 63, 2.

Bassetti, M.; Echols, R.; Matsunaga, Y.; Ariyasu, M.; Doi, Y.; Ferrer, R.; Lodise, T.P.; Naas, T.; Niki, Y.; Paterson, D.L.; et
al. Efficacy and safety of cefiderocol or best available therapy for the treatment of serious infections caused by
carbapenem-resistant Gram-negative bacteria (CREDIBLE-CR): A randomised, open-label, multicentre, pathogen-
focused, descriptive, phase 3 trial. Lancet Infect. Dis. 2021, 21, 226—-240.

Giurazza, R.; Mazza, M.C.; Andini, R.; Sansone, P.; Pace, M.C.; Durante-Mangoni, E. Emerging Treatment Options for
Multi-Drug-Resistant Bacterial Infections. Life 2021, 11, 519.

Noskin, G.A. Vancomycin-resistant Enterococci: Clinical, microbiologic, and epidemiologic features. J. Lab. Clin. Med.
1997, 130, 14-20.

Morvan, A.C.; Hengy, B.; Garrouste-Orgeas, M.; Ruckly, S.; Forel, J.M.; Argaud, L.; Rimmelé, T.; Bedos, J.P.; Azoulay,
E.; Dupuis, C.; et al. Impact of species and antibiotic therapy of enterococcal peritonitis on 30-day mortality in critical
care-an analysis of the OUTCOMEREA database. Crit. Care 2019, 23, 307.

Luo, X.; Li, L.; Xuan, J.; Zeng, Z.; Zhao, H.; Cai, S.; Huang, Q.; Guo, X.; Chen, Z. Risk Factors for Enterococcal Intra-
Abdominal Infections and Outcomes in Intensive Care Unit Patients. Surg. Infect. 2021, 22, 845-853.

Sanders, J.M.; Tessier, J.M.; Sawyer, R.; Dellinger, E.P.; Miller, P.R.; Namias, N.; West, M.A.; Cook, C.H.; O'Neill, P.J,;
Napolitano, L.; et al. Does Isolation of Enterococcus Affect Outcomes in Intra-Abdominal Infections? Surg. Infect. 2017,



18, 879-885.

75. Dupont, H.; Montravers, P.; Mohler, J.; Carbon, C. Disparate findings on the role of virulence factors of Enterococcus
faecalis in mouse and rat models of peritonitis. Infect. Immun. 1998, 66, 2570-2575.

76. Koch, S.; Hufnagel, M.; Theilacker, C.; Huebner, J. Enterococcal infections: Host response, therapeutic, and
prophylactic possibilities. Vaccine 2004, 22, 822-830.

77. Fisher, K.; Phillips, C. The ecology, epidemiology and virulence of Enterococcus. Microbiology 2009, 155, 1749-1757.

Retrieved from https://encyclopedia.pub/entry/history/show/73765



