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Abstract

particularly in high-risk patients.

improve prescribing behavior in treating IAls.

Intra-abdominal infections (IAl) are an important cause of morbidity and are frequently associated with poor prognosis,

The cornerstones in the management of complicated IAls are timely effective source control with appropriate
antimicrobial therapy. Empiric antimicrobial therapy is important in the management of intra-abdominal
infections and must be broad enough to cover all likely organisms because inappropriate initial antimicrobial
therapy is associated with poor patient outcomes and the development of bacterial resistance.

The overuse of antimicrobials is widely accepted as a major driver of some emerging infections (such as

C. difficile), the selection of resistant pathogens in individual patients, and for the continued development of
antimicrobial resistance globally. The growing emergence of multi-drug resistant organisms and the limited
development of new agents available to counteract them have caused an impending crisis with alarming
implications, especially with regards to Gram-negative bacteria.

An international [ESKIfEFEE from ZONGIffEFERTICOURTIIES has joined this project by sharing a document on the
rational use of antimicrobials for patients with IAls. The project has been termed BAGORA (Antimicrobials: A
Global Alliance for Optimizing their Rational Use in Intra-Abdominal Infections). The authors hope that AGORA,
involving many of the world's leading experts, can actively raise awareness in health workers and can

Background

Judicious, careful and rational use of antimicrobials is an
integral part of good clinical practice. This attitude max-
imizes the utility and therapeutic efficacy of treatment,
and minimizes the risks associated with emerging
infections and the selection of resistant pathogens. The
indiscriminate and excess use of antimicrobial drugs
appears the most significant factor in the emergence of
resistant microorganisms in recent years.

We propose that clinical leaders drive antimicrobial
stewardship and education programs to help standardize
and improve prescribing behaviors. Furthermore, we
argue that endorsement and guidance on the appropriate
use of antimicrobials from leading scientific societies
and clinical leaders within a specialty are vital to address
the global threat of antimicrobial resistance and to
provide support to policy makers.

AGORA, (Antimicrobials: A Global Alliance for Opti-
mizing their Rational Use in Intra-Abdominal Infections)
was conceived to actively raise the awareness of the ra-
tional and judicious use of antimicrobial medications in
the treatment of intra-abdominal infections, in modern
health care. This collaboration involves an international
multidisciplinary task force, promoted by the World
Society of Emergency Surgery (WSES), and endorsed by:
the Surgical Infection Society (SIS), the American
Association for the Surgery of Trauma (AAST), the
Panamerican Trauma Society (PTS), the Indian Society
for Trauma and Acute Care (ISTAC), the Korean Society
of Acute Care Surgery (KSACS), the World Society of
Abdominal Compartment Syndrome (WSACS), the South
African Society of Clinical Microbiology (SASCM), the
Hellenic Society for Chemotherapy, the Italian Society of
Anti-Infective Therapy (SITA), The Italian Society of

Anesthesiology, Analgesia, Resuscitation and Intensive
Therapy (SIAARTI), the Italian Society of Surgery (SIC),
the Italian Association of Hospital Surgeons (ACOI), the
Italian Society of Emergency Surgery and Trauma
(SICUT), the Italian Society of Intensive Care (SITI) and
the World Alliance Against Antibiotic Resistance
(WAAAR). WAAAR is a non-profit non-governmental
organization participating actively in the global fight
against antibiotic resistance.

It is the intent of AGORA to actively raise awareness
of healthcare providers and improve prescribing behaviors
when treating patients with IAIs worldwide.

This position paper aims to review the consequences of
antimicrobial use, the evidence behind the global
phenomenon of antimicrobial resistance, and to summarize
the general principles of antimicrobial therapy in the
modern management of patients with intra-abdominal
infections. A review of the scientific rationale of modern
antimicrobial pharmacotherapy is presented.

Methods

An extensive review of the literature was conducted
using the PubMed and MEDLINE databases, limited to
the English language. The resulting information was
shared by an international task force from 79 different
countries combined in the AGORA (Antimicrobials: A
Global Alliance for Optimizing their Rational Use in
Intra-Abdominal Infections) project. The resulting
document, detailing current knowledge and opinion, is
presented in this position and consensus statement. The
document is presented in light of the aim to facilitate
clinical guidance in the rational use of antimicrobials for
intra-abdominal infections.
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Results

The development of antimicrobial resistance and the
selection of pathogenic bacteria from use of antibiotics
Clinicians prescribing antibiotics have two potentially
conflicting responsibilities. First, clinicians should offer
optimal therapy for the individual patient under their
care by offering antimicrobials. Second, they should
preserve the efficacy of antimicrobials and minimize the
development of resistance and the selection of resistant
pathogens [1] by withholding antimicrobials.

Antimicrobials and resistance

The problem of antimicrobial feésistance (AMR) is wide-
spread worldwide. Clinicians should be aware of their
role and responsibility for maintaining the effectiveness
of current and future antimicrobials. Health workers can
help tackle resistance by:

o enhancing infection prevention and control;

o prescribing and dispensing antimicrobials when they
are truly needed; and

o prescribing and dispensing the right antimicrobial(s)
to treat the illness.

Infections caused by antibiotic-resistant bacteria continue
to be a challenge. Rice [2] in 2008 coined the acronym of

FESKAPE! pathogens including |Eiifélococcuspjaecivi
_

- to emphasize that these bacteria currently [GaSethe
ajoritoFNOSPitalRfECHons and cffectively “ESGAPE” the

effects of @iitibacterial drugs [3].
Although the phenomenon of AMR can be attributed

to many factors, there is a well-established relationship
between antimicrobial prescribing practices and the
emergence of antimicrobial resistant pathogens [4—6].
After they have emerged, EESiStalif pathogens may be
fransmitted from one [fdividual to @AGtHEs [7]. While,
the indigenous intestinal microbiota provides an import-
ant host-defense mechanism by preventing colonization
of potentially pathogenic microorganisms, the [ifitestifial
E@EE is also an important FE8EEVOI for antibiotic-
fesistant bacteria [8, 9]. AHEIBIGHES exert undue SEIECENE
pressure on bacteria ifl the [fif€stifié through a o step
process. First, antibiotics KKill SGSGEPEBIE bacteria from

the [Comimensal intestinal [Micfobiota. This favors
bacteria within the intestine that are @lféady FesiStant,
have become FeSiStantithiroughimutation or through the
Acquisition of EXogenous DNA (c.g. plasiiids) from cells

colonized in, or passing through, the intestinal tract.
Most feared by clinicians is the acquisition of multi-
drug resistant organisms (MDRO) in the intestinal
microbiota of patients [10]. Second, Eiifibiofi€§ promote

e DVEISIOWERNGENMIDRO present in the intestinal
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microbiota [11, 12] thereby increasing the risks of

(CToSS=transmission between patients [13] and increasing
the risk of untreatable or difficult-to-treat infectious
outbreaks [14]. SEléctive Presstre from AMtBIGHES com-
bined with [fefféetiVé infection EOMEEOl practices acceler-

ates the spread of resistant bacteria [15]. Thus, with
few new antibiotics being developed, particularly for
Gram-negative organisms, prudent antibiotic use is vital
for delaying the emergence of resistance [16].

Antibiotics and C. difficile infection

C. [ifficile infections have become Vilorenfrequeint rore
§éveré and more @ifficult to Ereat.

The proloviged Wse of Gitibiotics induces a Eliange in
the intestinal flof@ and may result in a [ligher incidence
of C. diffi€ilé infections.

C. Wifficilé is an @NAeTobic, §Pore forming, Gram-
Posifive bacillus, which may be part of the [iGTiiallifitess
tinal microbiota in healthy newborns but is rarely
present in the glif of [ealfly 8AGIES [17]. A direct correl-
ation between antibiotic use and C. difficile infection
(CDI) has been well described [18]. Disruption of the
normal gut flora as a consequence of antibiotic use
provides an excellent setting for C. difficile to proliferate
and produce toxins [19].

The risk of CDI is fficfeased up to §¥f6ldliduring and
in the SUbSEqUEREIMONthNAfe! AREBIOHE therapy [20].
Although nearly all antibiotics have been associated with
CDI, clindamycin, amoxicillin-clavulanate, cephalosporins
and [UGFOGUIGIGNES have traditionally been considered
to pose the giéatest Fisk [21-38].

In 2014, a systematic review of observational epidemio-
logical studies measuring associations between antibiotic
classes and hospital acquired CDI was published [30]. Of
569 citations identified, 13 case—control and 1 cohort study
(15,938 patients) were included. The strongest associations
were found for third-generation cephalosporins, clindamy-
cin, second-generation cephalosporins, fourth-generation
cephalosporins, carbapenems, trimethoprim-sulphonamides,
fluoroquinolones and penicillin combinations.

In the last two decades, the dramatic increase in inci-
dence and severity of CDI in many countries worldwide
[18], has made CDI a global public health challenge.

CDI represents the|filosticomionicauserotidiarriea in
hospitalized patients. C. difficile colitis can be fi€ated by
Ol or [MEAVENOUS MEonidazole and/or GEal or
iftracolonic Vamcomyein [29]. In severe colitis, surgery
may be required [30].

In 2015, the WSES published guidelines for manage-
ment of C. difficile infection in surgical patients [18].

Antibiotics and invasive candidiasis
Usually, \Caidida spp. are KeprNumderNeontiol by the
Hativenbacteria and by the body's iune AEfenses
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Avitibioties disrupt normal bacterial colonization and

nay create an environment in which fungi can thrive.
The gastrointestinal tract is [ormally Eolonized by
yeasts, mainly [Ca@fdida spp. [31-33]. It is believed that
ifivasive Gandidiasi§ predominantly GfigifiatesyfFonthis
FESERVGIR [34]. The mechanisms that allow Candida spp.
to cause invasive candidiasis and candidemia are quite
complex. Candida spp. are commensal members of the
gastrointestinal microflora and in homeostasis with the
host. However, when this homeostasis is disrupted, the
yeast can break through the intestinal mucosal barrier
and cause dissemination [35, 36]. This process may
involve many contributing factors and multiple mecha-

nisms [35]. The [fifunocompetent human host, with
his/her resident microbiota, is Femarkablyligeod at
maintaining a HealtRyISymbicticNequilibfitii. However,
Ehemotherapy and [fivasive SuEgical procedures, may re-
sult in a human host disequilibrium that facGilitate famgal

The global burden of antimicrobial resistance
Antimicrobial Resistance (AMR) poses a global challenge.
No single country, however effective it is at containing
resistance within its boundaries, can protect itself from
the importation of MDRO through travel and trade.

The global nature of AMR calls for a GlobaINFesponse,
both in the geographic sense and across the whole range
of sectors involved. Nobody is exempt from the problem,
nor from playing a role in the solution.

Despite an increasing prevalence of MDRO worldwide,
the health and economic impact of these organisms is
often underestimated.

The impact of AMR worldwide is significant, both in
economic terms, and clinical morbidity and mortality
because it may:

o lead to some infections becoming untreatable;

o lead to inappropriate empirical treatment in
critically ill patients where an appropriate and
prompt treatment is mandatory;

o increase length of hospital stay, morbidity, mortality
and cost; and

o make necessary alternative antimicrobials which are
more toxic, less effective, or more expensive.

Antimicrobial Fesistance is a Raturalphenomenon
that occurs as microbes evolve. However, [fiiian
activitiesIhavelaccelerateditheNpace ot which microor-
ganisms develop and disseminate resistance. Incorrect
and injudicious use of antibiotics and other antimi-
crobials, as well as poor prevention and control of
infections, are contributing to the development of
such resistance.
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The impact of AMR worldwide is significant, both
in economic terms, and clinical morbidity and mortal-
ity [38-40].

Although the optimally effective and cost-effective
strategy to reduce AMR is not known, a multifaceted
approach is most likely to be successful [15].

Many calls to action on antimicrobial resistance have
been made over the past years, but there has been very

little progress. Countries with the StFicteStIpoOlicies on
BNGBIOHc PrEsEription including SEANAIRAVIER countries

the NEHEFIaNdS and SWiZerland now report the IGWest
rates of bacterial FeSiStafce [41]. However in most high

income countries, clinical use of antibiotics has not
declined, despite frequent calls to curtail overuse.

The World Health Organization (WHO) is now leading
a global effort to address antimicrobial resistance. At the
68th World Health Assembly in May 2015, the World
Health Assembly endorsed a global action plan to tackle
antimicrobial resistance [42]. It sets out five strategic
objectives:

e to improve awareness and understanding of
antimicrobial resistance;

e to strengthen knowledge through surveillance and
research;

e to reduce the incidence of infection;

e to optimize the use of antimicrobial agents; and

e to develop the economic case for sustainable
investment that takes account of the needs of all
countries, and increase investment in new
medicines, diagnostic tools, vaccines and other
interventions.

An alarming pattern of resistance involving multi and
pandrug-resistant Gram-negative bacteria is currently
emerging; multi-resistant Enterobacteriaceae is an in-
creasing major concern worldwide [43, 44]. Compara-
tive antimicrobial resistance data worldwide are
difficult to obtain and inevitably suffer from bias. In
high income countries, MDRO have historically been
confined to the hospital setting. Since the middle of
the 2000s, however, MDRO such as the extended-
spectrum (ESBL) producing beta-lactamase (ESBL)
Enterobacteriaceae have been widespread in the com-
munity setting [45].

Throughout the 1980s and 1990s, prolonged hospital
and intensive care unit stays were considered among the
most important risk factors for harboring ESBL Entero-
bacteriaceae along with exposure to broad-spectrum
antibiotics [46].

However, OSENESBINPFOAUCIHgNNIECHONS arc HOW
also in the gommunity and HREAIEREATE-associated

settings as demonstrated in studies from Europe and
the Southeastern USA [47, 48].
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The burden of MDRO infections in low-middle
income countries (LMIC) is difficult to quantify, because
surveillance activities to guide interventions require
resources [49].

In these countries, routine microbiologic culture
and sensitivity testing, especially in rural hospitals,
are not performed, due to lack of personnel, equip-
ment and financial resources. As a result antimicro-
bial therapy is empirical and a small collection of
antimicrobials may be overused. This approach,
although relatively inexpensive, may further increase
the emergence of AMR and hence sub-optimal
clinical outcomes [49].

Therefore, although resistance containment inter-
ventions in healthcare structures have mostly been
implemented in high-income countries, there is a
pressing need to intervene in the resistance pandemic
also in LMIC.

Mechanism of resistance
The treatment of infections is increasingly complicated by
the ability of bacteria to develop resistance to antibiotics.

Bacteria may be [fitfinsically Fesistant to one or more
classes of antibiotics, or may cquire Fesistance by de novo
Fivitation or by the GeqUiISition of resistance geies from
other organisms.

Better understanding of mechanisms of antibiotic
resistance would allow the development of control
strategies to reduce the spread of resistant bacteria and
their evolution.

Bacteria may be intrinsically resistant to a class of
antibiotics or may acquire resistance.

Main f€chanisms of FESiStaNce to antibiotics can be
caused by [50]:

o the [l8CEVELIGH or modification of the EREIBIGHE;
e an alteration or the protection of the target site of
the antibiotic that FEdWEes its BiRdIAg capacity;

e the modification of fetabolié pathways to
Gircumvent the AREBIGHE effect; and

o the reduced intracellular antibiotic accumulation by

{decreasing permeability and/or increasing active
EBffliX of the antibiotic.

Bacteria can develop resistance to antibiotics by Fittating
existing genes (Vettical EVOlUtioH) [51], or by ACGUITIAG new
genes from other strains or species (liGFiZontal Sene
framnste) (52].

Many of the antibiotic resistance genes are carried on
BEHEtE elements (PIASHIAS, transposons or PHAGES) that
act as vectors that f@fsfes these GEes to other members
of the same bacterial species, as well as to bacteria in
another genus or species [52].
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Evolution and dissemination of resistance

One of the main problems surrounding antibiotic resist-
ance genes is their association with [FiGbileNgeneticneles
MERtSIIVIGES) such as conjugative [pIaSHIAS, transposons,
and JifGSES or mobility G&fes from MGEs [53-55]. The
MGEs allow resistance to §pfead lofizontallj and dissem-
inate among different bacterial species. Although this as-
sociation seems improbable, it appears to occur frequently
and follows a series of evolutionary steps fueled by natural
selection (antibiotic selection). The power of modern
DNA sequence analysis allows us to better understand the
process of emergence of these genetic structures.

MGstifamiliesiof antibiGHes present in HAMEE are com-
pounds prodiiced by ffgi or Bacterid; bacteria utilize
these compounds to Elifflifiate EOMPEtitof microorgan-
isms. As part of this Bfffisliface, many microorganisms

code for genes whose products MettraliZeNantibiotics;
these genes may have been pf€seént in bacterial chromo-

somes foRNmilliGHsNGEIears and they were probably [fiGt
MOBIlE, as evidenced by recent findings. The massive use
of antibiotics probably favored selection of antibiotic
resistant bacteria resulting in large numbers of bacteria
coding for resistance genes. Additionally, genes with
mutations conferring novel forms of antibiotic resistance
may also rise in numbers under antibiotic pressure.

On the other hand, pacterial ERFGHIOSOMmEes are popu-
lated with [F@ASPESABIE elements (insertion sequences
known as I8§), which j@p frequently and randomly, as
demonstrated during in vitro experiments [56]. The
existence of large numbers of bacteria containing
resistance genes sets the stage for the next step which is
the association of AR genes with IS, which may cause
increased transcription of resistance genes (IS contain
powerful promoters) [57]; antibiotic selection once again
will then favor the survival of bacteria with higher
expression of resistance genes. ISs are also known to
promote the mobilization of contiguous pieces of DNA
and once there is a large number of bacteria with resist-
ance genes associated to ISs, the stage is set for the next
step which is the mobilization of the resistance genes.

Antibiotic resistance genes could be mobilized to
BENEEiE structures, such as PIaSHAS and phages, which

can fiiove RofiZontallj between bacterial cells including
different bacterial species. This is probably the path

followed by many plasmid encoded genes such as CTX-
M-type BEIECEANIESE (found in plasmids in Enterobacteri-
aceae), which was probably mobilized by a transposon
from its original location in the chromosome of the
intestinal bacteria Kluyvera [58].

The association of resistance genes to these mobile
structures could occur through ISs (as explained
previously); this has been postulated as the origin of
many MGE. Alternatively, plasmids or phages may also
integrate in the bacterial chromosome in the vicinity of
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resistance genes and then mobilize the resistance genes
as these structures excise from chromosomes [55].

Some of these G€ilg associations are @iicient and they
have been dragging genes that confer bacteria with
different abilities including protection from harmful
compounds. Some of them have lost most of the genetic
information retaining few MGE genes such as transpo-
sases, integrases or genes involved in conjugation
(relaxosome) [55]. The examples of these ancient
platforms are integrons which have integrases derived
from phages [55] and conjugative integrative elements
such as the staphylococcal SCCmec which contains
genes allowing conjugation (similar to plasmids) [59].
Additionally, conjugal plasmid integration (formation of
Hfr) and phages (generalized transduction) could pro-
mote the transfer of large sections of bacterial genome
including resistance genes) [60, 61].

The antibiotic selection is responsible for large numbers
of bacteria with antibiotic resistance genes; the combin-
ation of a |AKgE AGMBEE of FESISEANGE EEeS and FECOmbin-
ant nature of bacterial Elifomosomes creates the [d&al
scenario for Eombination of GEHEs. Antibiotic selection

will influence every single genetic event (recombination,
excision, conjugation, integration) allowing the survival of
bacteria with ideal resistance gene expression; only
changes that are meaningful (high benefits and low cost)
will prevail, the rest of them will disappear or they will
circulate at undetectable levels. The MGEs detected by
the current gene detection analysis, including metage-
nomic analysis, correspond to the tip of the iceberg, as they
represent the most successful gene associations. The more
we use antibiotics, the more efficient MGEs will evolve.

Antibiotic esistancelin'Enterobacteriaceae

Resistance to beta-lactam antibiotics RESISEaAcE to
betaslactams in Etérobacteriacede is mainly conferred by
beta-|actaimases. These enzymes jfidctivate beta-lactam an-
tibiotics by hydEolysiS. Beta-|aGtaMasEs are commonly

Elassified according to W06 SyStems: the ARBIER molecular
classification and the BUSHEJaEOBY-Medeiros functional

classification [62].

The AMBIEE scheme EIaSSIfies beta-lactamases into
f6lf classes according to the protein homology of
enzymes. Beta-lactamases of class A, C, and D are serine

beta-lactamase and GIaSSHB enzymes are Hietallo®beta-
lactamases [63]. The Bush—Jacoby—Medeiros functional

scheme is based on functional properties of enzymes
and on their ability to hydrolyze specific beta-lactam
classes [64]. This classification was updated in 2010 [65].
The updated system includes group 1 (class C) cephalos-
porinases; group 2 (classes A and D) broad-spectrum,
inhibitor-resistant, extended-spectrum beta-lactamases
and serine carbapenemases; and group 3 (class B)
metallo-beta-lactamases [65].
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Group 1 enzymes are cephalosporinases belonging to
molecular class C. They are more active on cephalosporins
than benzylpenicillin. It includes BHPEC beta-lactamases.
AmpC beta-lactamases are clinically important [Gephalesy
potinases capable of [faCEVALNE cephalotin, cefazolin,
cefoxitin, most PEMiCillifi§, and |FetaRlactamaseNinhibitor
BeaIaCmMNCOMBINAGONS AmpC-hyperproducing mu-
tants are resistant to penicillins, aztreonam, third gener-
ation cephalosporins including cefotaxime, ceftazidime,
ceftriaxone and even ertapenem when the enzyme is mas-
sively expressed. Imipenem, fiéfopenem and doripenem

remain the [i68t ACEVE beta-lactamns Against AMpCIbetas
lactamases [66].

Cefepime, a fourth-generation cephalosporin with
broader spectitim activity compared to ceftriaxone, is a
poor inducer of AmpC beta-lactamase. Many [ARpCH
producing organisms are susceptible to cefepime because
cefepime is poorly hydrolyzed by the AmpC beta-
lactamase enzyme [67]. However, the role of cefepime in
treating infections caused by AmpC-producing organisms
is controversial because of the [focultmuetfeéct! In vitro
studies showed a high inoculum effect. [fJalI00%cld"
igHEEROGIG s used, GEfepIMEAVIIC [HCHEases dramat-
ically for some AmpC producers [68]. Clinical studies
demonstrated that Cefépifiie may be a feasonablé Gption

for the treatment of invasive [ififectionSHduENONATHC
BEEE AP OGREMIORGARSHS when  adequate

source control is achieved [69].

Group 2 (classes A and D) represent the largest group
of beta-lactamases, it includes ESBE producing Entero-
bacteriaceae and gaibapenemases (class A) and OXA
beta-lactamases (class D).

ESBE are enzymes capable of hydrolyzing and [ifi8
AeEiVAlin: o WideNVaREHMOBNbEEIaCtmS| including
fRifd-generation cephalosporins, PemiCillifi§, and aztre-
onam [70-72]. Most ESBES§ of clinical interest are
encoded by genes located on PlaSHIAS. These plasmids
may EISE E8Ffy genes encoding FESISEANEE to GEHEEF multiple
drug classes including AfiifOgI7cosides and fUGFOGUING-
I61es [73].

The main ESBL enzymes imparting antibiotic resist-
ance are TEM-, SHV-, and CTX-M

Although hyperproduction of beta-lactamases or add-
itional resistance mechanisms may hamper the antibiotic
effectiveness, 08§ TEM, SHV and CTX-M variants

remain susceptible in vitro to beta-lactam/beta-lactam
MBIEORNCOMBINABONS (BLBLI) such as AMONIGHNE
ClivalanateNorNpIperaGliNFZOBAGEI However, the

efficacy of BLBLI for treating serious ESBL infections is

controversial [66]. For examile, the _

COlORYORMIENIRIES/ME is concerning, and may indicate

the presence of other mechanisms of resistance [73].

Furthermore, in [EFificallj ill patients the pPhafacoKinetic
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properties of petatlactamsiarelmodified and these patients
may have adverse outcomes as a result of Eb®opfifial

antibiotic exposure [74].

Rates of CTX-M infections have increased during the
last decade compared with rates of TEM- and SHV-
infections [75]. The diffusion of CTX-M-producing
Enterobacteriaceae are common in Southeast Asia and
Eastern Mediterranean countries (estimated rates of
intestinal carriage, ~60 and ~30 %, respectively), there-
fore travel in these areas is a risk factor for acquisition
[66, 76]. Carriage rates in the community are now above
5-10 % in many other geographic areas [76].

The OXAStypelbetaslactamases are so named because
of their oXacillinchydrolyzingWabilities. OXA beta-

lactamases have resistance limited to the penicillins, but
some became able to confer resistance to cephalosporins
[77, 78]. OXA-1 and OXA-10 beta-lactamases have only
a narrow hydrolytic spectrum. However, other OXA
beta-lactamases including OXA-11, -14, -15, -16, -28,
-31, -35 and -45 confer resistance to cefotaxime, ceftazi-
dime and aztreonam [66]. OXA-23 and OXA-48 are
classes of carbapenemases that belong to OXA-type
beta-lactamases with carbapenem-hydrolyzing activities
[79, 80]. While OXA-23 appears most frequently in A.
baumannii, OXA-48 enzymes have now become wide-
spread in the Enterobacteriaceae, especially in Mediter-
reanean countries [79].

K. pneumoniae carbapenemases (KPCs) are beta-
lactamases produced by Gram-fiégative bacteria. They
efficiently hydrolyse PemiGillifi§, all CEPRAIGSPOEINS, mono-
bactams, beta-|a¢tamase ifRibifers, and even Cafbapenems.

KPCs are becoming an increasingly significant problem
worldwide [81]. The first pla8Hid-encoded serine carbape-
nemase in the KPC enzyme family was discovered in the
USA in 1996 and reported in 2001 [66]. KPC is the most
common carbapenemase in the United States and in some
European countries such as Italy. However, different
groups of enzymes possessing carbapenemase proper-
ties have emerged, and are spreading worldwide.

iNClRiCANSIEUationswhere administration of effective

empiric antibiotics is essential to prevent mortality
following bacteraemia and infections in immunocom-
promised patients including organ transplant recipi-
ents and those with cancer [81-86]. A Hidjorlconcern
is the emergence of EOUSHRIESSENGKPCPOSHVERK
prieliiioniaeNisolates. This is of particular clinical
relevance, as colistin is currently a key component of
treatment combinations. The selection of colistin resistant
KPC producing strains probably results from the
increasing use of colistin, in areas where KPC-positive K

prneumoniae have spread [87]. [illightiofithelemergencelof
of colistin is warranted [43].
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Group 3 (Class B) metallo-beta-lactamases (MBLs) dif-
fer structurally from the other beta-lactamases by their
fequiremient for a Ziflg ion at the active site. They are all
capable of hydrolysinglcarbapenems. [n contrast to the

serine beta-lactamases, the MBLs have poor affinity or
hydrolytic capability for monobactams and are [fiGEifilil¥

The most common
metallo-beta-lactamase families include the IMP, VIM and
NDM. [88, 89]. A currently emerging MBL is the [NDM

NDWVEL was first de-

tected in 2008 in 2 PAHEHETCNENEIEOISWedSIFoRMIAdIA
[90, 91]. NDM-1 has been shown to be present at signifi-

cant frequency within Enterobacteriaceae in [fidi@ and has
subsequently been shown to be PE€Sent in bacterial
isolates in a number of countries WoEIdWide [91].

Resistance to fluoroquinolones All Enterobacteriaceae

are naturally susceptible to fluoroquinolones. The
process by which susceptible strains become highly
fluoroquinolone resistant is thought to be a result of a
series of sequential steps and several HUtatioNs are needed
to produce a high level of flllofoquinolone resistance
[92, 93]. High-level resistance emerges after successive
chromosomal mutations in the DNA gyrase- encoding
gyrA gene and topoisomerase IV-encoding parC gene
[93]. The over-expression of efflux pumps may also
play a role in the high level of resistance in certain
strains. While there are many genes that are assumed
to encode a drug transporter protein in Enterobacteri-
aceae, only AcrAB/TolC overexpression plays a major
role in E. coli as a main efflux pump implicated in
extruding fluoroquinolones [92]. Resistance to fluoroqui-
nolones can @88 be mediated by the Plasmid-encoded gnr
genes, which confer protection of bacterial topoisome-
rases against fluoroquinolones, the plasmid-encoded efflux
pump gepA and the aminoglycoside-modifying enzyme
AAC(6")-Ib-cr that partly inactivate ciprofloxacin [92].

Resistance to aminoglycosides Aminoglycosides
resistance occurs through Severallmechanisms that can
simultaneously coexist. Aminoglycosides resistance in
Enterobacteriaceae relies mainly on the genes encoding
aminoglycoside-modifying enzymes (BINVIES). AMEs ham-
per antibiotic activity. AMEs are often located on PlaShiids
that Gary multiple Fesistance genes, including ESBE [66).
Current rates of GoPresistance in hospital-acquired ESBI
are 50-60 % for gentamicin and 10-20 % to amikacin

[66]. Other described mechanisms of resistance include
modification of the antibiotic target by mutation of
the 16S rRNA or ribosomal proteins, methylation of
16S rRNA (by RNA methlysases which genes are
often co-located with beta-lactamase encoding genes),
reduced permeability and/or increasing active GFfIUX
of the antibiotic [94].
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Antibiotic Fesistance in INGR=fermentingigram-negative
bacteria

Non-fefmenting Gram-negative bacteria (P@eruginosa,
and Abamanii) are
and can Hequire to virtually
By antimicrobial ggent. A Variety of resistance fechanisms

have been identified in P. aeruginosa and other Gram-
negative non-fermenting bacteria, including impermeable

outer membranes, expression of EHUKIPUMPS, target alter-
ation and production of BNtIBIOtC enzymes

such as AmpC betalactamases that are Giher Chromosom-
Bl encoded or Hequired [95]. These mechanisms may be

resent simultaneously, conferring UItiTeSIStANCe to -
H These mechanisms may also allow

[66].
Plaeruginosa is intrinsically Fesistant to a number of

Betaflaetam antibiotics including amoxicillin, first and
second generatlon cephalosporins, cefotaxime, GeftTiaxX-
oné and Ertapenem. Effective agents include ficarcillin,
piperacillin, Geftazidime, cefepime, imipenem, HIEFOPe-
Hém and doripenem. AZtreonam act1v1ty is Variable [66].
in P. aeruginosa [96] P. aeruginosa also has the
Bbilify to Acquire beta-lactamases, including ESBH and
Carbapenemases [66]. The P. aeruginosa genome con-

tains several different multidrug resistancejefflix/punps)
which reside in the membrane and remove antimicro-
bials and toxins, thereby lowering their concentration in-
side the cell to sub-toxic levels. Overproduction of these
pumps reduces susceptibility to a variety of antibiotics

[97]. The most common system is NEXABSOPIM. Its
overexpression confers fesistance to ficareillifl, aztreonam,

and at a lesser extent, [fleropenem [98]. Reduced outer-
membrane permeability caused by qualitative or quantita-
tive alterations of the OprD porin, which manages the
passage of imipenem through the outer membrane,

- especially to imipenem [99].

The Mechanisms of AMR in ANbaumamG are various,
and generally include production of Betatlactamases, if-
permeable outer Membrane, expression of Efflix Pumps,
and change of targets or cellular functions such as alter-
ations in penicillinbinding proteins (PBPS). The PBPs
play a crucial role in the synthesis of peptidoglycan, an
essential component of the bacterial cell wall. A.
baumannii produces a ﬂ
(ACE-1 or ACE-2) and an

which confers, at basal levels of

expression, [iffinsid Fesistance to aminopenicillins, first and
second generation Gephalosporing and aztreonam. Ertape-

nem naturally lacks activity against non-fermenting Gram
negative bacteria including A. baumannii [100]. Overpro-
duction of the AmpC-type cephalosporinase confers
acquired resistance to carboxypenicillins, ureidopenicillins
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and third generation cephalosporins. The emergence of

Carbapenemeresistant clones of A Bauiiaiiii has been re-
ported since the late 1980s. Carbapenem resistance can re-
sult from the over-expression of OXAESI-like oxacillinase,
and from the acquisition of OXA2SHiKeNINVIPIVINGISIV
or, more recently, NDM-type Cafbapenemases [101]. Ac-

quired resistances to fluoroquinolones (mutations in gyrA

and/or parC) and aminoglycosides (plasmid-borne AMEs)
may be observed in ESBE as well as Garbapenemase-
producing A. Batmainii strains [66). Colistiniresistant iso-
lates are flOW [lcreasing worldwide. Resistance to colistin is
thought to be mediated by modifications of the lipopolysac-
charides of the bacterial cell membrane that interfere with
the agent’s ability to bind bacterial targets [100].

Antibiotic Fésistance in Enterococci
Enterococci are intrinsically resistant to some penicillins,
gll cephalosporing, and, at a low level, to AMiNOgIyeo-
Bides. Additionally, they have Hequired Fesistance to
many BEhex classes of ARtibioties [102, 103].

Enterococci have [NtFiNSicIresistance to _
lactam antibiotics

because of the [0W affinity penicillin
binding proteins (BBP§). Attachment of beta-lactam
agents to PBPs results in impaired cell wall synthesis
and, in most cases, programmed cell death via creation
of reactive oxygen species. Enterococci express low-
affinity PBPs (PBP5 in E. faecium, PBP4 in E. faecalis)
that bind weakly to beta-lactam antibiotics. Enterococci
may develop increased resistance to penicillins through
acquisition of beta-lactamases (very rare) or PBP4/5 mu-

tations [104]. Higherlevellof resistance in £ faecitnt has
been attributed to over production of [GWiatiNIty PBPS,

a protein that can take over the function of all PBPs

[104]. A variety of point Hilitations have been described
in both E. f@égiti and E. f@eealis [104]. In addition, en-

terococci are “fOIefamt” to the activity of beta-lactams,
and

This property is an
- characteristic. Enterococci

Enterococci exhibit itrnsiclowlevel resistance to all
aminoglycosides, precliiding their use as Single Agents.

Intrinsic resistance is attributed to an [fability of the
aminoglycoside to Eiiter the cell (where they act by inhi-
biting ribosomal protein synthesis) [104]. While intrinsic
mechanisms result in low-level aminoglycoside resist-

ance, BOQUISIEiON of mobile geRetic Elements typically
- high-level aminoglycoside resistance

underlies in both E.

faecitim and E. faeealis. High-level resistance most

frequently occurs through acquisition of a bifunctional
gene encoding aph(2'’)-Ia-aac(6')-Ie, which [Hactivates
Aminoglycosides [106]. However, several other genes

have been identified that confer gentamicin resistance,
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including aph(2’’)-Ic, aph(2")-1d and aph(2’")-Ib [107].
These genes are minor contributors to resistance com-
pared to aph(2'’)-la-aac(6’)-le. Their prevalence varies
by geographical region [104].

The acquisition of glycopeptides resistance by entero-
€0CGi haslSeriously affected the freatment and control of
these organisms [108]. Glycopeptides act by binding to
the pentapeptide precursors of enterococci, thereby inhi-
biting cell wall synthesis. Glycopeptide-resistant organ-
isms modify these pentapeptide precursors, which bind
glycopeptides with 1000 foldMIower atfinity than normal
precursors [104]. Various phenotypes of vancomycin-
resistant enterococci (MRE) have been characterized;
VanA and VanB operons are by far the most preva-
lent in human
(GRE) infections [104]. GRE have emerged as a major
cause of nosocomial infections. The Hiajority of GRE
infections have been attributed to E. f@écigim, though
glycopeptide resistance OGCUE§ in E. f@éealis and other

Enterococcus species as well [109].

Antibiotic resistance in Bacteroides fragilis

B. fragilis is the
perhaps because it is both one of the

in the intestinal icrobiota, and is one of the
gasiest to GUldre in routine laboratory conditions. Beta-
lactam antibiotics and 5-nitroimidazoles have been
extensively used against anaerobic bacteria. The classical
mechanisms of resistance to beta-lactams include produc-
tion of Detatlactamases, alteration of penicillin-binding
proteins (PBPs), and changes in outer membrane perme-
ability to beta-lactams [110]. The most common mechan-
ism at this time is inactivation by one of the various groups
of Petalactamases encoded by the EepAlgene. Many beta-
lactamases from the B. fragilis group are cephalosporinases
that may be fhibited by lactamase inhibitors (Clavilanic
BGid, and fazobactam). This explains the SUSCeptibilities of
many Bacteroides strains to the Betaslactan/betalactamase
inhibitor combinations [111, 112].

Bacterial Fsistance to Carbapenems arises because of
the production of Hetallo’betatlactamase encoded by

the cfiA gene [113]. ¢fiA is normally poorly expressed.
However, increased expression of cfiA, caused by the
acquisition of an insertion sequence (IS) upstream of the
gene, can lead to high-level carbapenem resistance.
Migtronidazole, the first 5-nitroimidazole to be used
clinically, was introduced in 1960, but it was not until
1978 that Ingham et al. reported the first clinical isolate
of B. fragilis that was [Hletronidazole-resistant after long-
term therapy [114]. A wide range of metronidazole re-
sistance mechanisms have been described in B. fragilis
including decreased activity or total inactivation of elec-
tron transport chain components [115], overexpression
of multidrug efflux pumps [116] and overexpression of
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DNA repair protein (RecA protein). However, the most
common mechanism of resistance consists in the expres-
sion of 5-nitroimidazole nitroreductases (encoded by the
nimA-G genes) which are located on the chromosome or
on a PIASMIA and transform 4- or 5-nitroimidazole genes
to 4- or 5-aminoimidazoles [115]. Metronidazole-resistant
strains of the B. fragilis group have been described in
several countries, but iflgeneral resistanceris low(117].
As routine susceptibility testing of anaerobic bacteria in
most laboratories is only performed in blood or other
severe infections, it is difficult to estimate how frequent
MDR B. fragilis group strain is.

Antibiotic Fesistancelinintra-abdominal infections
Surveillance studies can help clinicians to identify trends
in pathogens incidence and antimicrobial resistance, in-
cluding identification of emerging pathogens at national
and global levels.

Some epidemiological studies have monitored anti-
microbial resistance in [Als identifying changes in
resistance patterns, mostly of Gram negative bacteria.

In the setting of intra-abdominal infections

[118]. Since 2002, the Study for Monitoring
Antimicrobial Resistance Trends (SMARE) has moni-
tored the in vitro antibiotic susceptibility patterns of
clinical Gram-negative collected worldwide from intra-
abdominal cultures [119]. Limitations include the small
number of contributing centers per country, and the
characteristics of participating centers which are usually
major teaching or tertiary-care centers.

From 2002 to 2011, the prevalence of MDR Gram
negative bacilli, gspecially ESBE producers, has ificteased
worldwide with regional variations in their distribution
[119]. The prevalence of ESBLs producers in IAI isolates
has steadily increased over time in Asia, Europe, Latin
America, the Middle East, North America and the South
Pacific. In contrast, the trend for ESBLs in intra-
abdominal infection isolates from [Affica has SUFprisingly,
statistically significantly, decfeased over time [119].
However only 7 African sites (3.9 %) (1 from Morocco, 2
from Tunisia and 4 from South Africa) were involved in
the SMART Study.

Although ESBLs producing Enterobacteriaceae are
Eommon in Rospital acquired IAls, they are HOW being
seen in COmmunity aequired IAls as well as. In 2010,
Hawser et al. [120] reported the incidence of ESBLs
producers in community and hospital acquired IAI in
Europe from 2002 to 2008. In order to differentiate
community-acquired from hospital acquired IAls,
isolates were divided into those Obtained from Cultires
Collectedi<48 and S48'h Aftei Hospital Admission, though
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this simple cut-off may result in mis-classification of
some IAls.

The SMART Study data showed a significant increase
in ESBL-positive E. coli isolates (from 4.3 % in 2002 to
11.8 % in 2008 [P<0.001]) with a smaller (and not
statistically significant) increase in ESBL-positive K
pneumoniae isolates (increasing from 164 to 17.9 %
[p>0.05]) in Europe from 2002 to 2008. Hospital-
acquired isolates were more common than community-
acquired isolates, at 14.0 versus 6.5 %, respectively, for E.
coli (P <0.001) and 20.9 versus 5.3 %, respectively, for K
pneumoniae (P < 0.01) [120].

In the CIAOW Study [121] (Complicated intra-
abdominal infections worldwide observational study), 68
medical institutions collaborated in a worldwide multi-
center observational study, during a six-month study period
(October 2012-March 2013). Among intra-operative
isolates, ESBE producing ENEol isolates comprised 13:71%
(75/548) of all E. coli isolates, while ESBE producing .

isolates represented 186NN (26/140) of all K.
pneumoniae isolates. ESBE producing Efiferobacteriaceae
were [01¢ prévalent in patients with hiealthicare-associated
IAls than they were in patients with community-acquired
IAls. Among S, --
positive E. @0l isolates comprised 206 % (19/92) of all iden-
tified E. coli isolates, while ESBL-positive K., [pileliioniae
isolates made up B2 (15/35) of all identified K. preunto-
niae isolates.

Kiebsiella pneumoniae Carbapenemases

K. pneumoniae carbapenemases (KBPES) are becoming an
increasingly significant problem worldwide [122]. EN¢oli
isolates from IAls demonstrate consistently [[GWiTesist
since the beginning of SMART. K.
pneumoniae also continue to remain susceptible to
carbapenems. Although carbapenem activity against K
pneumoniae from IAls is also high, it is slightly lower
than activity against E. coli. A total of 2841 clinical iso-
lates of K. pneumoniae from intra-abdominal infections
worldwide were collected in the SMART study during
2008 and 2009 [122]. Globally, 6% of isolates were
Ertapenem Fesistant based on the June 2010 clinical
breakpoints published by the Clinical and Laboratory
Standards Institute, with MICs of >1 pg/ml [122].

Pseudomonas aeruginosa
P. aeruginosa was the fhitd Most €ommon pathogen in

IAIs at a rate of BB9§ in the SMART Study [110]. In
2013, Babinchak et al. reported the trends in susceptibil-
ity of selected Gram-negative bacilli isolated from IAls
in North America from 2005 to 2010 [114]. The resist-
ance of P. aeruginosa to fluoroquinolones significantly
increased over time, from approximately 22 % in 2005,
to 33 % in 2010. Imipenem activity remained unchanged
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with 20 % resistance. During this period, Fesistance to

piperacillin“tazobactam, cefepime and ceftazidime
remained ifichanged at 28560260%. [123]. However, the

SMART Study demonstrated that the activity of select
antimicrobials varied in different regions of the world. In
South Africa during 20042009, P. aeruginosa resistance
to piperacillin-tazobactam was 8 %, while it was approxi-
mately 25 % to cefepime, ceftazidime and imipenem, and
27 % to amikacin [119]. In China, during relatively the
same time period (2002—-2009), the resistance of P. aeru-
ginosa to amikacin was 12 %, and to piperacillin-
tazobactam was 8 % [119].

In the CIAOW study, among the microorganisms

isolated from intraoperative samples, _
* of all aerobic identified

bacteria. However, no significant differences between
community acquired infections and healthcare associ-
ated infections (5.4 % in community acquired infec-
tions, versus 5.7 % healthcare associated infections)
was demonstrated [121].

Enterococci

Among Gram-POSitiveé bacteria, enterococci play a
SignificantiroleniIAL. Some studies have demonstrated
Poor putcomes among patients with documented
Enterococeal infections, particularly in those with post-

operative [AI [124-127] where enterococci coverage
should be always considered.

In 2012 the Dutch Peritonitis Study Group analyzing
all patients from the RELAP trial found that the

presence of BRIyl gram posifivel6ocei, predominantly
Enterococcus spp., was associated with Worseloutcomie,

although in secondary peritonitis microbial profiles did
not predict ongoing abdominal infection after initial
emergency laparotomy [128].

The NiORffavers EBIIA (Etude épidémiologique Bac-
tério-clinique des Infections Intra-Abdominales) Stlldy
[129] described the clinical, microbiological and resistance
profiles of community-acquired and nosocomial IAIL This

study reported an [ficfease in the prevalence of.

infections in patients (83094 in
acquired infections, versus 18 % in GomAMuURIty-acquired
infections; P < 0.05). Although enterococci are found in
community-acquired infections (11.8 %), they were far
-acquired infections (242 %).

In the CIAOW Study [121], among all the aerobic
Gram-positive bacteria identified in the intraoperative
samples, Enterococci (E. faecalis and E. faecium) were
the most prevalent bacteria, representing 15.9 % of all
aerobic isolates. Although Enterococci were also present
in community-acquired infections, they were more
prevalent in healthcare-associated infections (22.3 % in
health-care IAlIs versus 13.9 % in community-acquired
infections).
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Methicillin resistant Staphylococcus aureus (IRSA)
Methicillin resistant Staphylococcus aureus (MRSA) is

from patients with COMMUNILY-
acquired intra-abdominal infection [121]. Although
community-acquired MRSA has been reported in many
settings, MRSA has less impact in community-acquired
IAL However, it should be always considered in the case

of Wound infections. MRSA should be guspected in
patients with Realth gare- _IAI-_

with the organism or who are at risk because of prior
treatment failure and significant antibiotic exposure. The

susceptibility pattern differs between COMMURIE-acquired
and RO8pital acquired MRSA.

Salmonella typhi
S. typhi infection may lead to diffuse peritonitis followed
by ileal perforations in endemic Countries 130].

The emergence of multidrug-resistant (WMDR) typhoid
fever is a major global health threat affecting many coun-
tries where the disease is endemic, such as countries in
South-Central and Southeast Asia and many parts of
Africa and Latin America [131]. In the past, S. typhi
infections were routinely treated with chloramphenicol,
ampicillin, or trimethoprim-sulfamethoxazole, but MDR
to these antibiotics started to emerge in 1990 [132]. In re-
sponse, a shift towards the prescription of fluoroquino-
lones or third-generation cephalosporins has occurred.

Singhal et al. [133] reported the trends in antimicro-
bial susceptibility of SHEphifromINorthiIndia over a
period of twelve years (2001-2012). In 852 isolates of S.
typhi, a statistically significant decreased (p <0.001)
resistance to chloramphenicol, ampicillin and and co-
trimoxazole was observed. Resistance to nalidixic acid
was found to be highest amongst all the antibiotics; it
has been rising since 2005 and is presently 100 %. Cipro-
floxacin resistance was relatively stable over the time
period studied with a drastic increase from 5.8 % in
2008 to 10 % in 2009, since then it has increased in
2011-12 to 18.2 % [133].

Bacteroides fragilis
ARaerobes are the predominant components of the
bacterial flord of foEmal human [AUcous Membranes. 5.

fragilis strains are one of commonly isolated commen-

sals in the setting of IAls.
of anaer-

obic isolates. In fact, their isolation requires appropriate
methods of collection, transportation, and cultivation of
specimens. Consequently, the ffeatment of anaerobic
infections is often selected EHpitically [134].

B. fragilis strains are[mostly sensitive to metronidazole,
beta-lactam/beta-lactamase inhibitors and carbapenems.
However, in the past years antibiotic resistance has
increased among anaerobes and the susceptibility of
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anaerobic bacteria to antimicrobial agents Ha§ -

Data of a national survey on antimicrobial resistance
in Bacteroides strains, including 6574 isolates collected
in 13 medical centers in United States from 1997 to
2007 were published in 2010 [135]. The study analyzed
in vitro antimicrobial resistance to both frequently used
and newly developed anti-anaerobic agents. Percent re-
sistance was calculated using breakpoints recommended
for the respective antibiotic by the CLSI or United States
Food and Drug Administration. These data indicated
that the CaEbapenems (imipenem, meropenem, ertape-
nem, and doripenem) and [piperacillin-tazobactam were
the WOSt HCfive agents against these pathogens, with
resistance rates of 0.9-2.3 %. Nietronidazole and figecye-
line were the [0St Hefive antibiotics among the HOH-

Béfa-lactam agents. Metronidazole-resistant Bacteroides
strains were also first reported during that period.

The susceptibilities of 824 Bacteroides fragilis group
isolates against nine antibiotics were evaluated in a
-wide study involving 13 countries [136].
as HOKElacHiVe than
@d and 0% % resistance, respectively).
Dramatic [ficreases in Eesistance were observed for
cefoxitin, Elifldamyein and moxifloxacin, with rates of
17.2, B2 and 13.6 %, respectively. The lowest resis-
tances were found for imipenem, metronidazole and
tigecycline (1.2, <1 and 1.7 %) [136].

Antimicrobial stewardship

Although most antimicrobial use occurs in the community,
the intensity of use in hospitals is far higher; hospitals are
therefore particularly important in the containment of
antimicrobial resistance.

Hospital based Antibiotic Stewardship Programs
(ASPs) can help clinicians both to optimize the treatment
of infections and reduce adverse events associated with
antibiotic use.

Given the urgent need to improve antimicrobial use in
healthcare all acute care hospitals should implement
Antibiotic Stewardship Programs.

Antimicrobial stewardship is an emerging strategy de-
signed to optimize outcomes and reduce the emergence
of resistant organisms through the pillars of surveillance,
infection control and optimizing the use of antimicrobial
therapy. Educating clinicians in the appropriate use of
antimicrobials is an essential facet of antimicrobial
stewardship [117].

€oré principles of antimicrobial stewardship include

the use of antibiotic
_ use of the of anti-

microbial therapy with proven efficacy, use of the [€ast

BUmber of agents and for the SHortest IENgEA of therapy
to achieve efficacy, and APPrOpriate antimicrobial doSing




























































































































































































Sartelli et al. World Journal of Emergency Surgery (2016) 11:33

to maximize efficacy and limit complications. However,

the best strategies for an antimicrobial stewardship pro-

gram (ASP) are not definitively established and are likely

to vary based on local culture, policy and routine clinical
ractice [15].

In a retrospective before and
after study design, analysis of two ICUs within a single
institution (trauma and surgical) before and after the im-
plementation of service specific antibiotic stewardship

rotocols,

[
The Infectious Diseases Society of America/Society for
Healthcare Epidemiology of America (IDSA/SHEA)

guidelines identify B8 core proactive EVidence-based
strategies

and several supplemental strategies for pro-
moting antimicrobial stewardship [1]: fif8f, a proactive

strategy of either or a 1-
for specific drugs or both, and

, a strate of

Re-
striction of antimicrobial use may be obtained either
by limited access to available antimicrobials in the
hospital through restriction of the hospital formulary,
or implementation of a requirement for preapproval
and a justification for prescribing drugs on the
restricted list. BOER HEEAOAS have been shown to be

in reducing the use and costs of restricted
antimicrobials [138].

To estimate the Efféctiveness of antimicrobial Steward-

rograms and evaluate their

and on clinical outcome a Cochrane meta-

analysis was performed in 2013 [139]. Eighty-nine
studies were included. The meta-analysis showed that
interventions to decrease excessive antibiotic prescribing

for hospital inpatients feduiéed antimicrobial Fesistance
and [OSpital-acquired infections. Interventions to in-

crease effective prescribing improved clinical outcomes.

These data
However, persuasive and restrictive

interventions were equally effective after six months.

REstfictive interventions do seem to have a gfeater

immediate than interventions.

However, with the passage of time, prescribers -
ﬁ [139].

Prescribing is a complex social process. Restriction is
useful in urgent situations, but because of the -
ﬂ programs and strategies should be
balanced with positive actions. The ultimate goal of a

stewardship should be to stimulate a behavioral change
in prescribing practice.
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In this context, gdiication'of prescribers is Grlicial to

convince clinicians to use antibiotics judiciously.

The supplemental strategies employed in ASP include,
implementation of guidelines and clinical pathways, anti-
microbial order forms, streamlining or de-escalation, com-
bination therapy, dose optimization, and IV-to-PO switch,
therapeutic substitution, cycling, mixing and use of com-
puter decision support. In general, several of these strat-
egies are implemented in the daily practice simultaneously
with one or both of the two core strategies.

The treatment of patients with complicated IAI involves
bothiniely ouirce control «r Gntinicrobial therapy.

Empiric antimicrobial therapy is important in the
management of intra-abdominal infections and must be
broad enough to cover all likely organisms. Adequate
source control is mandatory in the management of
complicated IAIs.

The treatment of patients with complicated IAI in-
volves both source control and antimicrobial therapy.
Source control encompasses all measures undertaken to
eliminate the source of infection, reduce the bacterial in-
oculum and correct or control anatomic derangements
to restore normal physiologic function [140]. Inadequate
source control has been associated with increased
mortality in patients with complicated IAI [141, 142].
Surgical source control entails resection or suture of a
diseased or perforated viscus (e.g. diverticular perfor-
ation, gastroduodenal perforation), removal of the in-
fected organ (e.g. appendix, gall bladder), debridement
of necrotic tissue, resection of ischemic bowel and
repair/resection of traumatic perforations, or drainage of
infected fluid collections. The source control procedure
will depend on the patient characteristics, organ affected,
and specifically on the pathology that is encountered.

Ultrasound and CT guided pefcutancous drainage of
abdominal HBScesses is Safée and Efféctive in selected
patients [143—146], with G2=01NdgNcurelrates and with
morbidity and Mortality rates Equivalent to those of
surgical

@r8inage. Recent advances in interventional and
more aggressive source control techniques, such as open
abdomen strategy [147], could improve the outcome of
patients with severe complicated IAI [148].

Although new surgical techniques, supported by innova-
tive technology, have improved treatment for these
patients, the markedly reduced development of new anti-
biotics has been unable to match the rapidly increasing
phenomena of antimicrobial resistance making it a major
ongoing challenge associated with the management of
complicated IAI. Antimicrobial therapy plays an integral
role in the management of complicated IAl. The main
objectives of antimicrobial therapy in the treatment of IAI
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are to prevent local and haematogenous spread, and to
reduce late complications.

The term intra-abdominal infections (BAI), describes a
wide heterogeneity of patient populations. A complete
classification that includes all aspects of intra-abdominal
infections does not exist. An ideal classification guiding
clinicians in treatment should include:

o the BFigiH of source of infection;

o the @natonical extent of infection;

o the presumed pathogens involved and Fisk
factors for major Fesistance patterns; and

o the patient's Eliiical Condition.

IAI encompass a variety of pathological conditions,
ranging from uncomplicated appendicitis to faecal peri-
tonitis. IAI are usually classified either as uncomplicated
or complicated [149].

r IAL the infection -
and does fOf extend to the .
Such patients can be managed by gither Surgical
resection or Antibioties [150]. In Gomplicated IAl, the in-
fectious process Extends peyond the Bfgan, causing either
[ocalized or diffdse peritonitis [150]). These situations
require both Sotice Gontrol and antimicrobial therapy.

A universally accepted classification divides infective
peritonitis into PEIMALY peritonitis, SECONMaRy peritonitis
and feffiany peritonitis [151]. PEiliagy peritonitis is a

bacterial (usually Single Brganism ) With®
of the gastrointestinal [ffaet, typically

seen in GIEENOHIE patients with ascites or patients with an
indwelling [peritoneal dialysis catheter. Secondary peri-
tonitis, the
cases), is an acute peritoneal infection resulting from
[6ssieflintegrity of the gastrointestinal tract [152]. Exam-
ples include visceral perforations or necrosis of the
gastrointestinal tract, blunt or penetrating trauma, and
post-operative leakage of anastomoses or suture lines.

Mertiary perifonitis is defined as a Fecurrent infection of
the peritoneal cavity that GCCUISISABUNNAter apparently
successful and adequate_Strgical source control of Second-

B peritonitis [153—155]. It is more common among crit-
ically ill or immunocompromised patients and may often
be s including
Caiidida spp. 1t is typically associated with Bigh morbidity
and HiOF@lity. Although tertiary peritonitis has been
accepted as a distinct entity [153-155], it represents an
evolution and

complication of secondary peritonitis,
therefore the term “ONgoing peritonitis’ may Dbetter

indicate that it is not a different disease than secondary

eritonitis, but rather represents
lasting longer < hasbouring ot selected, pathogen
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[fraditionally, infections have been Elassified as, either
Eommunity-acquired or HOSPital-acquired, dependent on

the place of acquisition [155]. Hospital-acquired intra-
abdominal infections (FIAl-IAI) are often HSSociated with
SUEgeRY or another [fVasive procedure (gastrointestinal
endoscopy, invasive radiology). The most frequent type
of HA-IAI is postioperative  peritonitis (PP) [156-160],
is the most common cause of which is HNastomotic
[€akage [158]. In rare conditions, HA-IAI can occur in
patients hospitalized for reasons unrelated to abdominal
pathology and no prior abdominal surgery [161].

The term “Realthicare-associated infection” (FICAI) is a

new term for infections acquired during the course of

receiving healthcare [162]. It [fcludes Rospital-acquired

infections but @l§@ infections in patients living in skilled

- facilities, having
using Bggressive medical therapies (intravenous
therapy, Wound dressing) at Home and ifvasive therapies
(haemodialysis, chemotherapy, radiotherapy) in
clinics withifni80/days of the ifdeX iffection [162].
However, in the years after the first proposal by
Friedman et al. [162], a consensus definition of HCAI
has not been reached. A systematic review of all defini-
tions of HCAI used in clinical studies was published in

2014 [163]. The initial definition of FCAI seems to be

accepted: ‘

Differentiating Eommunity-acquired intra-abdominal
infection (CA-IAls) and Healthicare-associated intra-
abdominal infections (HCA-IAIs) is useful to defing the
presumed FeSistance patterns and specify patients with
increased [KeiRGOd of infection caused by NIDRO.
Among patients with FICAI, those with hospital-
acquired infections may be associated with [ficreased
mortality due to underlying patient health status and
severity criteria at the time of diagnosis.

Grading of the clinical severity of patients with
complicated IAI has been be well described by the sepsis
definitions. Sepsis is a complex, multifactorial syndrome
that may develop into conditions of varying and escalating
severity [163—-165].

Mortality rates increase in patients developing organ
dysfunction and septic shock [166]. Mortality of septic
patients from abdominal origin has decreased due to
advances in management of the underlying infection and
support of failing organs, but is still high [167]. The
CIAGW study [121] described the epidemiological,
clinical, and treatment profiles of complicated IAI
worldwide. The GVerallimortality ratewasil0:51%, while
it was significantly higher (B65M%) for patients with
organ or Septic SROEK at admission.

Recently, §epsis definitions were Fevised. Sepsis is

defined as life-threatening organ dysfunction caused by
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a dysregulated host response to infection. Septic shock is
defined as a subset of sepsis in which circulatory, cellular,
and metabolic abnormalities are associated with a greater
risk of mortality than with sepsis alone and should be clin-
ically identified by a vasopressor requirement to maintain
a mean arterial pressure of 65 mmHg or greater, and

serum [BCtate level gréater than EIAMOI/E (>18 mg/dL) in
the gbsence of Rypovolemia. Under this redefined termin-

ology, “severe sepsis” has been abandoned [168].

Antimicrobial selection
Wiitial @ntinicrobial therapy for patients with IAls is

Biipitié in nature because critically-ill patients need
immediate treatment and microbiological data (Clliure
and susceptibility results) usually requiresyS24u for the
identification of pathogens and antibiotic susceptibility
pattern.

Antimicrobials should be used after a treatable IAI has
been recognized or when there is a high degree of suspicion
for infection. Initial antimicrobial therapy in patients with
IAls is typically empirical in nature because they need im-
mediate treatment (especially in critically-ill patients), and
microbiological data (culture and susceptibility results) usu-
ally s and

antibiotic SUSceptibility patterns. However, in Hon-critically
ill patients Stivival benefit from Adequate Empiric anti-
microbial therapy has 6t been COnSistently demonstrated,
even in patients with Gram-negative bacteremia [169].
Knowledge of Iocallirates ot resistancenand the -
that suggest an MIDRO should be involved as
essential components of the clinical decision-making
process when deciding on which antimicrobial regimen
to use for empiric treatment of infection [1]. Every

starting empiric therapy_
Surveillance initiatives are important, both

in a local and in a global context. If local epidemiology
suggests that a patient has been infected with a strain
already known to be resistant to antibiotics, then in-
appropriate antimicrobial therapy, which fails to cover
known resistance patterns risks further disruption of the
natural flora and selecting for resistant variants without
providing effective treatment.

Hospitals in the United States are required to publish
an annual antibiogram that may be used as a source
guideline for selecting appropriate antibiotics based on
local resistance/susceptibility data.

Different sets of guidelines for the management of
patients with IAIs have been published.

Guidelines have a great impact on clinical care. They
should incorporate stewardship principles.

Different sets of guidelines outlining the clinical man-
agement of IAIs have been published [170-178].
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Historically, treatment guidelines have not taken into
consideration antimicrobial stewardship principles when
setting the priority order of antimicrobial options, and in-
stead have focused primarily on safety and efficacy data.

Guidelines have major impact on delivery of clinical
care, and on regulatory review of hospital performance.
Hopefully, these guidelines will evolve to incorporate
stewardship principles, in addition to safety and efficacy,
when setting the priority order for recommended anti-
microbial therapies.

Antimicrobial selection in Community-acquired infections

For patients with CA-IAIL antimicrobial agents with a
narrow spectrum of activity encompassing all likely or-
anisms should be administered. However, a

therapy once microbiology is
known.

The Major pathogens involved in Gommunity-acquired
IAI (CA-IAI) are likely to be due to a Patientsiowniflora.
Therefore, they are Predictable and include Efiférobacte-
fidceae (predominantly ENEOl and Kiebsielld species),
group Sireptococei, and ARaerobes espeaally.
. For patients with @&-IAI, antimicrobial agents
with a Felatively narrower Spectrum of activity encom-
passing wild-type strains from the above-mentioned
species should be administered. However, if patients
with €B-IAI have FiSK fCEOrs for infections due to ESBE
producing Eviterobacteridcede, and in particular if the
patient is hemodynamically [fStable, antimicrobial
agents that are effective against ESBLs may be war-
ranted. Cliflicallstability and physiological well-being is
an important factor, as Compromised patients will suffer
incieased morbidity and Hortality if initial therapy is
ineffective [179]. In contrast, [Essiseverelyiill patients
may have HiOFeItime for the clinician to know that initial
therapy was not active.
among infecting pathogens includes

o BNtibioties (particularly beta-lactams or
fluoroquinolones) s of IAI or Kiown

golonization with ESBE producing Enterobacteriaceae,

[180, 181]. An additional risk may be represented by a

to a Eegion where

in the community [182].

Antimicrobial selection in health-care associated infections

For patients with HCA-IAL empiric antimicrobial

regimens with DBrOGAErNSpPectia of activity should be

administered as these patients have a [igGHerNrisk of
infections due to WIDRO.
By Contrast, for patients with FIGA-IAI, antimicrobial

regimens with PFoader Spectra of activity are preferable,
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as those patients have a

[183]. On receiving results of susceptibility
testing, the clinician should opt for a narrow spectrum
antimicrobial agent, which covers the likely causative
organism. [Deéfescalation of therapy must be weighed
against the clinical significance of the culture results
received as well as local epidemiology [184].

Antibiotic Seléction in criticallylllpatients

An empiric antimicrobial regimen is associ-
ated with Ufavorable Duteomes i critical ill patients. In
these patients the following strategies should be always
implemented to obtain an optimal response to therapy:

procedures when indicated;
(ideally, Within 1)
correct dosing;
considering Fisk factor for MIDRO; and
avoiding vse of identical @ntibiotic and the sanie

antibiotic El@ss administered in the-

Infections are among the main factors contributing to
mortality in intensive care units (ICU) [185]. Abdominal
sepsis is a common indication for admission to the ICU.
The is the

among patients [186]. In 2014,
the EPIGHH study [187], including 13,796 adult patients
from 1265 ICUs in 75 countries, revealed that FlOFtality

than in patients who had
(W68t of which were F€Spiratory infections).
Disease severity, need for organ support, and presence
of co-morbidities were independently associated with
mortality. In patients with organ dysfunction from septic

shock,
on the , independent of

the site of infection [188]. The Surviving Sepsis Cam-
paign guidelines recommend intravenous antimicrobials
within the first hour of onset of sepsis and septic shock
and the use of broad-spectrum agents with adequate
penetration of the presumed site of infection [189]. An
ineffective or otherwise inadequate antimicrobial regi-
men is one of the variables more strongly associated
with unfavorable outcomes in critical ill patients [190].
Empiric antimicrobial therapy should be started as soon
as possible in patients with organ dysfunction and septic
shock [191-193].

The evidence on
to patients with
[194-196] and patients with
septic SHOGK, particularily in patients with IAls [197,

strategies is largely
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198]. In 2013, a Cochrane review on de-escalation of
antimicrobial treatment for adults with sepsis did not
find adequate evidence to support this [199]. In 2014, a

based on

investigating a strategy

randomized

de%esaalation of antibiotics resulted in
duration of ICU sty and did A6 affect the
rate [198]. Several authors have associated
antimicrobial de-escalation interventions in critically ill
patients with reductions in length of hospitalization,
inpatient antimicrobial use, adverse events, cost, and
recovery of antimicrobial-resistant microorganisms
[200, 201]. The faféy and pPeneficial Outcomes of
Carbapenem desescalation as part of an antimicrobial
, was

stewardship program in an

also recently Confirmed [202].

Antibiotic armamentarium

The choice of empiric antibiotics in patients with IAI
should be based on the SeVeriy of the infection, the

individual Fisk for infection by esistant pathogens, and

the Fesistance epidemiology.
or cephalosporins i with -

n
Zole, are for the treatment of fiolEsevere
IAIs, with piperacillin/tazobactam being a better choice
is jieeded. The use o
s0 as to preserve of this
class of antibiotics because of the concern of emerging
carbapenem-resistance. CiprofloR@eii and levofloxacin
are oNlonger appropriate firstline choices for empiric
treatment in many regions because of the prevalence of
uoroquinolone Fesistance. Other BPLIONs include
particularly for SUspected infections by
bacteria, and Figecycline especially when

are suspected, though CQUEION is advised for the latter, in
the situation of a Dacterentia.

Recent challenges in the management of multi-drug
resistant Gram-negative infections, especially in critically
ill patients, have Feviewed the use of ‘Gld” antibiotics,
such as polymywins and fosfoncin
Cefiolozoneltazobactam and ceftazidime/avibactam
are WeW antibiotics that have been approved for treat-
ment of CIAl infections (in COMIDIMALION with
- incliiding infection by ESBES and
though their role for the empirical therapy remains to be
defined.

IAI may be managed by either single or multiple anti-
microbial regimens. Table 1 presents the Spectiam of ac-

tivity of Altimicrobial Agents for common IAI pathogens,

. for patients with IAI and preserved renal function.

These doses may not be adequate for patients with morbid

as there are currently
for antibiotics in patients [203].
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Beta-lactam/beta-lactamase inhibitor combinations (BEBEI),
including  ampicillin/sulbactam,  AfoOXicillin/clavalanate,
ticarcillin/clavulanate, _ have an in
vitro against Gram-positive, Gram- an.

rganisms [204]. However, [ficfeasiiig antimicrobial

to ampicillin/sulbactam and
mong ENEoli and other including
_

isolates, during the last decade, has

Eomipromised clinical utility of these agents for empirical
therapy of BeriousGramnegative infections [205,

206]. This is likely due to excessive use of amoxicillin
and amoxicillin-clavulanate in both children and adults,
particularly in the treatment of upper respiratory tract in-
fection. The combination of over use of these oral antibi-
otics in the community and potential for household

fransmission of 'resistant £. coli strains among family

members make ampicillin/sulbactam and amoxicillin/cla-

vulanate resistance Hfpredictablé [207]. Fortunately, HlOSt
isolates remain SHSCEPHIBIE to other beta-lactam/beta-lac-
tamase inhibitors such as piperacillin/tazobactam. Broad-
spectrum activity of piperacillin/fazobactam, including
Antifpsetidomonal and ARAGTOBIE coverage, still make it an

attractive option in the management of severe [Als [208].
A meta-analysis of PubMed and Scopus databases
providing data for mortality among patients treated with
carbapenems, BLBLI or non- BLBLI (mainly cephalospo-
rins and fluoroquinolones), preferably as monotherapy
was published in 2013 [209]. The study reported no
statistically significant difference in mortality between
carbapenems and BLBLI administered as either empiric
or definitive therapy. The authors concluded that the
role of BLBLI should be further evaluated for definitive
treatment [209]. In a recent study of 331 unique patients

with
in the treatment of ESBL

bacteremia [210]; the use of pPiperacillin/fazobactam in
ESBIS infections is still Gontroversial [211].

Cephalosporins
- isolates of - and other _
remain _ to -—_ cephalosporins.
Among this drug class, _ _ and
cefiizoxime, in Eombination with metronidazole may be
options for - therapy of - IAI, due to the rela-
tively narrow spectrum of coverage bacause these agents
- - against _ On the other hand,
and cefoperazone have activity against .
- have relatively - - against
streptococci as compared o other third-generation
cephalosporins. _, a -—_ cephalo-
sporin, with broader spectrum activity compared to
ceftriaxone is a
and is poorly hydrolyzed by the enzyme, allowing it to
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be effective against AmpC-producing organisms [66].
For empiric therapy, Cefepime must be Combined with
metronidazole [212] because it does not possess anti-

anaerobic activity.
The newest fBflgeneration cephalosporins such as

EeftoBiprole have very broad-spectrum activity, exhibiting
potent in vitro activity against a number of Gram-positive

athogens including VIRSA,
h and Gram- pathogens includ-

ing BMPE producing ENE0l and PNaeruginosa. Their role

towards E. f@eciti PBP 5 (PBP 5fm) is Controversial
[213]. Ceftobiprole medocaril is Approved for the treat-

ment of community-acquired pPhedmonia and hospital-
acquired pneumonia (excluding ventilator-associated
pneumonia), in the European Union [214, 215]. It has ot
been Approved for the treatment of GIAT

Fluoroquinolones (FQ) have been widely used in the
treatment of intra-abdominal infections because of their
excellent activity against aerobic Gram-negative bacteria
and tissue penetration [216]. Ciprofloxacin has in vitro
activity against P. aeruginosa. Ciprofloxacin has lowest
MIC against P. aeruginosa among commonly used
fluoroquinolones such as levofloxacin and moxifloxacin.

Except for moxifloxacin, the FQ have o moderate
BCiVity against ANaerobes and have been used in
Combination with Metronidazoleé in the empiric treat-
ment of AL

EQ are rapidly, and almost Gompletely, absorbed from
the gastrointestinal tract, particularly levofloxacin and
moxifloxacin. Peak serum concentrations obtained after

oralladministration are Very mear those achieved with
intravenous administration [217]. PEOY patient BS€ of

FQ has been demonstrated as an*
_ [218]. Therefore, the use of
FQ for IAI is in patients _
* In addition, the increasing

use of FQ in aged care facilities, particularly for the
treatment of urinary tract infections, has contributed to
the emergence of E. coli virulent strains, such as O25b-
ST131, with substantially high FQ resistance rates in
patients living at those facilities [219]. In recent years,
resistance of E.coli to FQ has risen over time [218]. The

worldwide [ficfease in FQ [esistance among E. coli and

other Enterobacteriaceasaee has
of IAI, particularly in

critically-ill patients and those with HCA-IAI [206].

For decades, carbapenems have been the antibiotics of

FirstNChoiceNforNESBIS. The best option for targeting

ESBLs (though with no coverage of P. aeruginosa) is
ertapenem, a once daily administered carbapenem that
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Table 1 ARfiBicticsfortreatingipatients \ith intra-abdomminal infections based upon susceptibility. Use local antibiogram data for

choosing optimal antibiotics in target population

Antibiotic

enterococci

enterococci

Enterococci  Ampicillin-resistant  Vancomycin-resistant Enterobacteriaceae

ESBL-producing
Enterobactericeae

Pseudomonas [Sfaerobic

Gram-negative bacilli

aeruginosa

Penicillins/Beta-lactamase Inhibitors

Amoxicillin/ +
clavulanate

Ampicillin/ +
Sulbactam

Carbapenems

Ertapenem -

Imipenem/  +/—

cilastatin

Meropenem  —

Doripenem  —
Fluoroquinolones

Ciprofloxacin - —

Levofloxacin~ +/—

Moxifloxacin =~ +/—

Cephalosporins
Ceftriaxone  —
Ceftazidime —
Cefepime -

Ceftolozane/ —
tazobactam

Ceftazidime/
avibactam

Aminoglycosides

Amikacin N

Glycylcyclines
Tigecycline  +

5-nitroimidazole

Metronidazole

Polymyxin

Colistimethate
(Colistin)

Glycopeptides

Oxazolidines

+

a

+

+

+ o+ o+ o+

+/—

+/—

+/-

#Imipenem/cilastatin” is more active against ampicillin-susceptible enterococci than ertapenem, meropenem and doripenem

PCiprofloxacin is more active against Pseudomonas aeruginosa than levofloxacin

Active in synergy with other agents

INot active against Proteus, Morganella and Providencia

®Not active against Morganella, Proteus, Providencia and Serratia
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Table 2 REEGMMmended intravenous @B8e8 of the most commonly

used antibiotics for patients with intra-abdominal infections and
normal renal function (CrCl > 90 mL/min)

Intravenous
Antibiotic

Intravenous dosing recommendation for
patients with normal renal function
*(CrCl>90 mL/min)

Penicillins/ Beta-lactamase Inhibitors

Amoxicillin/clavulanate 1.2 g 8-hourly

Ampicillin/Sulbactam 3 g 6-hourly

Piperacillif/tazobactan ASIGIGREGHMy or 3.375 g 6-hourly
Carbapenems

Ertapenem 1 g 24-hourly

Imipenem/cilastatin

Fluoroguinolones

0.5 g 6-hourly (or1 g 8-hourly)

Ciprofloxacin 400 mg 8-12 hourly
750 mg 24-hourly

400 mg 24-hourly

Levofloxacin
Moxifloxacin

Cephalosporins

Ceftriaxone 1-2 g 24-hourly
Ceftazidime 2 g 8-hourly
Cefepime 1-2 g 8 hourly
Ceftolozane/tazobactam 1.5 g 8-hourly
Ceftazidime/avibactam 2.5 g 8-hourly

Glycylcyclines
Tigecycline 100 mg initial dose, then 50 mg 12-hourly
Aminoglycosides
Amikacin fi5%28 mg/kg 24-hourly
Gentamicin 557 mg/kg 24-hourly
5-nitroimidazole

Metronidazole 500 mg 6-8 hourly

Glycopeptides
Teicoplanin 12 mg/kg 12-hourly times 3 loading dose
then 12 mg/kg 24-hourly
Vancomycin 15-20 mg/kg/dose 8-12 hourly; in critically

ill patients 25-30 mg/kg loading dose

Oxazolidinonees

Polymyxins

600 mg [i2 hourly

US: 2.5 to 5 mg/kg CBA 8-12 hourly
Europe: OiflioRIUB=I2IRGE=s a slow
intravenous; in il patients

Note-the above table provides general information, the susceptibility profile
of individual organisms should be confirmed to guide antimicrobial therapy in
all situations. Dosage should be adjusted according to the antibiotic's
pharmacokinetic/pharmacodynamic profile in each patient

Higher dosages may be used in septic shock
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otherwise shares the activity of imipenem, meropenem
and doripenem against most species, including ESBL
producing pathogens [220, 221]. Imipenem/cilastatin,
meropenem and doripenem provide coverage for Gram-
negative non-fermenting bacteria (e.g. P. aeruginosa and
A. baumannii). However, inappropriate use of carbapen-
ems should be avoided [222] because there is an associ-
ation with the [iflcfease in

_ e.g. the rapid spread of -
mases in Kl preunioniae or NDNM®1 producing Entero-
bacteriaceae and P. aeruginosa [223].

Regarding E/lfer0eoeels coverage among carbapenems,
impipenem/cilastatin is most active in vitro against
ampicillin-susceptible ENf@écali§ while ertapenem, Hiros
ﬁ and doripenem have [ifflited ativity against both
E. faeealis and E. faecivmi. In addition, Carbapenems ar
B6t generally fecommended for use to treat _

with an
including meropenem or

containing  GombINALIONS,
doripenem, is Suggested [224].

Aminoglycosides are particularly Heive against -
Gram-negative bactesa 1 syneegistelly i
Geffdii Gram-Positive organisms. They are effective
against PIN@eruginosd, but are iNeffective against Anaer-
BBig bacteria. Because of their serious toxic side effects
including nephrotoxicity and ototoxicity, some authors
do not recommend aminoglycosides for the routine
empiric treatment of community-acquired IAL They
may be Feserved for patients with Bllergies to betaslactam
agents or when used in Eombination with Beta-Iactams for

treatment of IAI secondary to NMIDR@ [225]. However,

_ , and their decreased activity in

acidic environment such as pus. In any case, this class of
antibiotics remains an {portant option in the antimicro-
bial armamentarium for combating Gram-negative bac-
teria and widening the spectrum of the empirical therapy
when MDRO are suspected [178].

Tigecycline, an antibiotic from the group of the

feature in vitro activi

. How-
ever, it remains a viable treatment option for compli-

cated Il due to its favorable in vitro BCEVIEy against

anaerobid organisms, EAEEFOCOCEI, several ESBES and

strains of
[227]. In several trials, was seen

in patients treated with figecyclineé when compared with
other drugs; in 12 of 13 phase 3 and 4 comparative
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clinical trials [228], all-cause mortality was found higher
in the tigecycline group versus the comparison group.
Study-level and patient-level analyses identified that
patients in the hospital-acquired PHedmonia trial, par-
ticularly those with ventilator-associated pneumonia
with baseline bacteremia, were at a

A mortality analysis was used to investigate the associ-
ation of baseline factors in abdominal infections, including
severity of illness at study entry and treatment assignment,
with clinical failure and mortality. Mortality modelling
identified multiple factors associated with death which did
not include tigecycline and which were forced into the
model.

Similarly, attributable mortality, among subjects who
died of primary infection, in the cIAI studies, showed no
difference among treatments. Combined with the four
phase 3 and 4 cIAI trials that demonstrated the non-
inferiority of tigecycline to the comparator regimens, these
results suggest that deaths were less related to clinical
failure and that other factors or patient co-morbidities
were more likely to contribute to death [229].

Because of
with a much higher

risk of failing clear bacteremia than the comparator.

[Tigecyeling should fot be Eonsidered first line for health
care associated pheumonia, bacteremia or Endocarditis.
Nonetheless, tigecycline remains an [ipOrtant treatment
option for patients with GomplicatediiAl [230, 231].
Recently, tigecycline has been become an important op-
tion in managing infections due to DR Gram negative
bacteria [232] including NDMBSJIKPES, and other [¢afba3
_ as some of these pathogens remain susceptible
to tigecycline. However, Righ fRilif€ rates in cases of
monotherapy with this antibiotic have occurred implying
that COmbinations therapy should be Fécommended [233].
FIigher®dose regimens have been associated with Better

GUicomes than conventional administration due to Gram-
negative MDR bacteria in a cohort of critically ill patients
with severe infections [234].

Polymyxins, discovered in [[9408, are a group of polycatio-
nic peptide antibiotics that exhibit potent efficacy against

. Among all the five chemical
compounds (BZE) of polymyxins, 8l polymyxin B and [E
(colistin) are clinically H§€d. Since the 1970, these prepara-
tions were practically abandoned because of reports of se-
vere adverse events. However, recent challenges in the
management of multi-drug resistant (MDR) Gram-negative
infections, especially in critically ill patients, have revived
the clinical use of polymyxins [235-237]. The HEpPRIOtOX-

and of polymyxins has been the -
in their clinical application. Challenging
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these earlier concerns, recent data, mainly from cases

series, demonstrate that the
safe provided that and

renal function is closely monitored [235, 238, 239].

Recently The US Food and Drug Administration (FDA)
and European Medicines Agency (EMA) have approved
updated dose recommendations for intravenous colistin in
patients with various degrees of renal function [240].

The EMA recommendations were based on a review
of the available clinical, pharmacological and pharmaco-
kinetic data.

_ Based on the limited available

evidence the -e in adults was -

as a slow intravenous infusion; in critically ill patients a

loading dose of OUmillioh U was suggested. EMA sug-
creatinine clearance

gested to reduce dosage BCCOrding to

in patients with renal impairment.

Also US Food and Drug Administration (FDA) ap-
proved changes to the dosage and administration section
of the product label for colistimethate in the United
States. The recommended dose was 2.5 to 5 mg/kg colis-
tin base activity (CBA) per day in 2 to 4 divided doses for
patients with normal renal function, depending on the
severity of the infection. A loading dose was not recom-
mended for critically ill patients. The FDA recommended

regimen accounts for renal function. The

recommendations.

Renewed interest in ld’ antibiotics has also focused
interest in Fosfomycin. While traditionally fosfomycin
disodium was administered Parenterally, several countries
have recently approved the 8@l administration of fosfo-
mycin tromethamine for treating urinary tract infections
(UTTIs) caused by Escherichia coli and E. faecalis. Its use as
a single agent is usually restricted in critically ill patients.

However,
ith other antibiotics for the treatment of

MDR Gram-positive and Gram-flégative bacteria includ-
ing KPE [241].

The daily dose of intravenous fosfomycin disodium
ranges from 12NoNl6Iglonaverage) administered in -
Renal impairment significantly decreases the

BXeretion of fosfomycin. For intravenous administration

of fosfomycin, the doses should be Feduced if the cre-
atinine (learanceis less'than 50/ml/min [242].

The primary limitations of fosfomycin are the lack of
established regimens for complicated infections and the
lack of availability of the intravenous formulation in
many countries [243].
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NéW antibiotics

Ceftolozane/tazobactam [244, 245] and ceftazidime/avi-
bactam [246, 247] have recently been approved in some
national agencies for the treatment of intra-abdominal

infections. B
these new agents have

against MIDR Gram-fiégative pathogens. URIKE other

beta-lactam and beta-lactamase inhibitor combination

agents, these new agents
for complicated IAI due to against

some species.

These antibiotics will be valuable for treating infections
caused by MDR Gram-negative bacteria in order to
preserve carbapenems. Notably, ceftazidime/avibactam
has demonstrated consistent activity against KPC-
producing organisms [248].

In some instances that resistance can emerge to new
antibiotics very rapidly after their first clinical trials,
treatment with these new agents should be done in
parallel with continued susceptibility testing [249].
Although many reviews have been written, their precise
role as an empiric treatment for complicated IAI
remains to be defined [250]. Cautious clinical use is
advised, until their precise roles are further defined as
empirical treatment.

The effect of fliigal involvement in 1Al

EvnipiricSantifiingal\therapy should be Cousidered in

patients with clinical EVidence of
- and significant :

anastomotic leaks;
necrotizing pancreatitis; and
failure of treatment for bacterial infections.

The epidemiological Fole of Candida spp. in 1Al has
Gt yet been Conclusively defined [251]. However, recent
data suggest that some Specific SUDpopulations are at
higher risk of fungal involvement, (i.c. complicated cases
of Pafiatiig¢ surgery). In a recent study, Zappella et al.
[252] reported NG of patients with
postoperative peritonitis fOllOWINg Dariatric/surgery. 1so-
lation of C@idida spp. in samples from IAI is ASSociated
with POOT OUtcomes. In an observational study,

et al. showed that

in nosocomial
peritonitis patients (odds ratio, B; 95 % confidence interval,
1.3-6.7, p <0.001).
[253]. Recently, IDSA guidelines for the treatment
of invasive candidiasis were developed and explicitly

addressed candidal peritonitis [254]. Clinicalievidence
Supporting the use of ARtifungalltherapy for patients with
suspected intra-abdominal ifivasive candidiasis is limited.
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Most studies are small and uncontrolled, single-center, or

performed in specific patient cohorts. [DSA glidelines
suggested (Gonsidering mbpitic antifiingal therapy for pa-
tients with clinical evidence of intra-abdominal infection
and significant FiSKifactors for gandidiasis, including those
with recent abdominal surgery, anastomotic leaks, or
necrotizing pancreatitis, who are doingpoorly despite
freatment for pacterial infections.

Several meta-analyses of s in
high-risk surgical ICU patients have yielded _
[255-258].

For the majority of ICU patients at high invasive
candidiasis risk, a preemptive antifungal strategy, based
on clinical risk factors and microbiologic evidence of
substantial colonization, has been proposed [259].

A recent randomized, double-blind, placebo-controlled
trial assessed a preemptive antifungal approach with an

in intensive care unit patients requiring
surgery for intra-abdominal infection [260].

The study was HHABIE to provide EVidence that pre-

emptive administration of an echinocandin was Effective

in preventing I€ in high-risk surgical intensive care unit

patients with intra-abdominal infections.
Preferred empiric therapy in Griticallyillipatients or

those previously Exposed to an Zolé is an Echinocandin

(caspofungin: loading dose of 70 mg, then 50 mg daily;

micafungin:100 mg daily;
. However, X

mg (12 mg/kg) I0AdINE dose, fiER @00 mg (6 mg/kg)
daily, should be Stillliconsidered firstline antifungal
therapy, in hemodynamically SEABI patients who are

colonized with azole Suisceptiblé Candida species B who
no prior exposure to azoles.

have
The @@fation of therapy should be determined by
adequacy of source control and clinical FéSponse.
A role for echinocandin in the management of critically

ill patients is confirmed by the _
_ and susceptible-dose dependent

strains that should be taken into account when selecting
empiric therapy in patients with severe sepsis or septic
shock [261, 262].

Knowledge of the pharmacokinetic and pharmacody-
namic antimicrobial properties of each antimicrobial
inform rational dosing.

The antimicrobial dosing regimen should be established
depending on host factors and properties of antimicrobial
agents. Antimicrobial pharmacodynamics integrates the
complex relationship between organism susceptibility and
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patient pharmacokinetics. Pharmacokinetics describes the
fundamental processes of absorption, distribution, metab-
olism, and elimination and the resulting concentration-
versus-time profile of an agent administered in vivo. The
achievement of appropriate target site concentrations of
antimicrobials is essential to eradicate the relevant patho-

263]. Antimicrobials typically need to reach a
site of action|Outside the/plasma, This requires the drug to
pass through the capillary membranes. Disease and drug-
related factors can contribute to differential tissue distri-
bution [264].

has been studied for some antibi-
otics and have shown [afgelvariability [265—268]. Com-
monly encountered situations where pharmacokinetics
change and dosing individualization may be necessary

include renal and hepatic dysfunction. DoSelreductions
may be necessary to Prevent accumulation and OXicity in
patients with reduced Fenal or epatic fanction.

Knowledge of the pharmacokinetic and pharmacody-
namic antimicrobial properties of each drug including

may provide a more
rational determination of optimal dosing regimens in
terms of the dose and the dosing interval [269]. Optimal
use of the pharmacokinetic/pharmacodynamic relation-
ship of anti-infective agents is important for obtaining
good clinical outcomes and reduction of resistance [270].

Dosing frequency is related to the concept of .
activity and exert optimal

bactericidal activity when drug concentrations are main-
tained above the MIC [271, 272]. Therefore, it is import-
ant that the serum concentration exceeds the MIC for
appropriate duration of the dosing interval for the anti-
microbial and the organism. Higher frequency dosing,
have been
utilized to achieve this effect [267]. For Detamlactams,
prolonged or continuous infusions have been advocated in
order to maximize the time that the drug concentration
exceeds the MIC, whereas

. However, large randomized controlled trials
comparing continuous with intermittent infusion of piper-
acillin/tazobactam in patients with complicated IAI [273]
as well as piperacillin/tazobactam, ticarcillin/clavulanate
or meropenem in patients with severe sepsis [274], did
not demonstrate different outcomes. These results may

notibe generalizable to patients with RighiSeVerity of ill-
ness and infections caused by [€SSHSUsceptiblé pathogens

with hiih MIC (e.g. P. aeruginosa), for which the -

for a clinically relevant benefit is predicted by

pharmacokinetic/pharmacodynamic theory, and has been
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supported by some retrospective studies [275, 276].
Prolonged or continuous infusions of beta lactams should
therefore be considered for the treatment of critically ill
patients with hospital-acquired IAI

In contrast, antibiotics such as Aiinoglycosides exhibit
Concentration dependent activity and should be admin-

istered in a once daily manner (or with the least possible
number of daily administrations) in order to achieve
high peak plasma concentrations.

With these agents, the Peakiserumyconcentrationyjand
not the time the concentration remains above the MIC, is
more closely associated with efficacy [271, 272]. In terms
of foXi€ity, aminoglycosides HepRrOtoxicity is caused by a
direct effect on the renal cortex and its uptake saturation.
Thus, an eXtended intervalidosing strategy feduces the
Fenallédrtex exposure to aminoglycosides and Feduces the
risk of fiephrotoxicity [277].

In patients with septic shock, administering an-
ﬁ is probably as Equallyimportant as to the
of gdministration [271]. This optimal first dose could be
described as a [6adifig, or front-loaded dose and is-

latedfrom the FOIiMEBFABHBUHORVA) of the drug and

the desired plasma concentration. The Vd of Eydfophilic

agents (which disperse in such as -
in patients

with septic shock may be altered by changes in the perme-
ability of the microvascular endothelium and consequent
alterations in extracellular body water. This may lead to
lower than expected plasma concentrations during  the
first day of therapy resulting in sub-optimal achievement
of antibiotic levels [271].

In the setting of alterations in the volume of distribu-

to maximize the pharmodynamics
ensuring optimal drug exposure to the infection site in
patients with severe sepsis or septic shock [271].

[isstelpenetration is also an important aspect because
RighYconcentrations at the Sité of infection can poten-
tially OVercome  resistance’. AIBUMIN concentrations are
crucial for Righly protein-bound drugs [271].

When have been inserted, _
may also affect antibiotic concentration,
and [may need tobeaccounted for when considering

dosage and frequency of administration.

Once an appropriate initial - dose is @chieved,
the antimicrobial regimen should be Féassessed, at least
daily, because pathophysiological changes may signifi-
cantly affect drug availability in the critically ill patients.

must be administered in the presence of impaired renal
function, while Righe# than standard dG8ages of renally
excreted drugs may be needed for optimal activity in

patients with glomerular Ryperfiltration [271]. It should
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be noted that in patients_
of renal function. The phenomenon

[ ” . s
of “Aligmented renal clearance” (creatinine clearance

>130 ml/min/1.73 m®) causes subtherapeutic concentra-

tions. This phenomenon has Righiipfevalence among

critically ill patients [278].

The value of intra-operative specimens
Obtaining microbiological cultures from blood or fluid/
tissue allows:

o to expand antimicrobial regimen if the initial choice
is too narrow; and

o o0 perform a de-escalation is the empirical regimen is
too broad.

They should be always performed in patients with
healthcare-associated infections or with community-
acquired infections at risk for resistant pathogens.

When a microorganism is identified in clinical cultures,
antimicrobial susceptibility testing (AST) should always
be performed and reported to guide antibiotic therapy.

A lack of impact on patient outcomes by bacterio-
logical cultures has been documented in patients with
community-acquired IAI, especially in appendicitis
[279, 280]. However, this observation may not address
the issues surrounding the threats of antibiotic resistance.
The results of microbiological testing may have great
importance for the choice of therapeutic strategy of every
patient, in particular in the adaptation of targeted anti-

microbial treatment. While the Jield of Blood¥cultures
may be Felafivelyllow in patients with IAI, clinicians
should not miss an easy opportunity to establish the
microbiologic etiology by obtaining cul-
tures prior to starting antibiotics, particularly in patients
admitted to the hospital in critically ill conditions. Fluid
and/or tissue culture from the site of infection should be
collected, particularly in the presence of an abscess.
Sufficient fiuid Volume (usually aEleastiIimL of fluid or
tissue) must be collected, and then transported to the
microbiology laboratory using a transport system that
properly handles and preserves the samples to avoid dam-
age or compromise their integrity.

Obtaining microbiological results from blood or fluid/
tissue culture from the site of infection has two advan-
tages: a) it provides an opportunity to expand antimicro-
bial regimen if the initial choice was too narrow, and, b)
it also allows de-escalation of antimicrobial therapy if
the empirical regimen was too broad. When a micro-
organism is identified in clinical cultures, antimicrobial
susceptibility testing (AST) should always be performed
and reported to guide antibiotic therapy. AST measures
the ability of a specific organism to grow in the presence
of a particular drug using guidelines established by either
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the Clinical or Laboratory Standards Institute (GESI) in
United States or the

( ) in Europe.
By the end of 2012, in several European Countries, CLSI
guidelines had been replaced by EUCAST [281]. In vitro
susceptibility results are correlated with the clinical
success or failure of an antibiotic against a particular

organism. [Datd are Féported in the form of MG, which

is the

The numerical

number, expressed as micrograms/ml, is SUally reported
by microbiology laboratories as a categorical guide for
clinicians, ie as “Slisceptible”, “Fesistant’, or “intermedi-
88", according to CLSI and EUCAST criteria. In general,
EUCAST supports lower, more stringent, resistance MIC
breakpoints than CLSI, in particular for Gram-negative
bacteria [282]. However, in only a few cases have these
differences been translated into major interpretive
category discrepancies [283]. Both CLSI and EUCAST
periodically update their recommendations concerning
the interpretation of in vitro AST [284]. Recently, both
CLSI and EUCAST published new AST guidelines, but
some differences in terms of the categorization of ESBLs
still remain in the EUCAST guidelines [285]. In general,
it may be a wise practice to communicate directly with
the microbiology laboratory when antimicrobial suscep-
tibility patterns appear unusual.

Antimicrobial diiration
In patients with iliconaplicated IAI, and where the SoUrce

oi iniection is - de}l‘initivelly, _

In patients with Comiplicated IAI undergoing an

adequate Sourcecontrol procedure, Posi-operative therapy

should be - as much as possible after the -

In the event of uncomplicated IAls, the infection in-
volves a single organ and does not extend to the periton-
eum. When the source of infection is treated effectively by
surgical excision, post-operative antimicrobial therapy is
not necessary, as demonstrated in managing uncompli-
cated acute appendicitis or cholecystitis [177, 286—-288].
In complicated IAI, the infectious process extends beyond
the organ, causing either localized or diffuse peritonitis
(examples include: perforated appendicitis, perforated
peptic ulcer, perforated diverticulitis, and post-operative
anastomotic leaks) [289, 290]. Treatment of patients with
complicated IAI generally involves both source control
and antimicrobial therapy. Antibiotics to treat IAI with
antimicrobials can prevent local and hematogenous spread
and may reduce late complications.

The optimal duration of antibiotic therapy for cIAls is
debated. Guidelines by Surgical Infection Society (SIS)
and Infectious Diseases Society of America (IDSA),
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published in 2010 [171], recommended a treatment
course of HNfON7ZNdays, deépending on the -
French guidelines also recommended 5 to
7 days of treatment [178]. The World Society of Emer-
gency Surgery (WISES) [174] recommended SHortened
therapy in those patients demonstrating a
to treatment, - signs of persist-

positive response

ent [GUKOCYEOSIS or féVel. The recent prospective trial by

Sawyer et al. demonstratm

* undergoing a | pro-
to those after a

[GRger course of ANtibiotics that extended until after the

resolution of physiological abnormalities [291]. Finally,
protracted antibiotic administration may not be safe; for

IAL in which a duifation of therapy S7.days was pre-
scribed, an @SSociation with [ficreased FisK of subsequent
extra-abdominal infections and increased mortality

, was
recently observed [292].

Duration of therapy should be shortened as much as
possible unless there are special circumstances that re-
quire prolonging antimicrobial therapy such as immuno-
suppression, or ongoing infections. @fal antimicrobials,
can agents as soon as the patient is tolerat-
ing an oral diet so as to minimize the adverse effects
which are associated with intravenous access devices.
Where possible,

(e.g. )
. Patients who have

of treatment warrm
to determine if an ongoing un-
controlled source of infection or antimicrobial treatment
failure is present. In the management of critically ill
patients with sepsis and septic shock clinical signs and
symptoms as well as inflammatory response markers
such as [procalcitonin, although debatable, may assist in
guiding antibiotic treatment [293].

Recently, a systematic review of preclinical and clinical
studies of mediators in intra-abdominal sepsis/injury
was published [294].

Persistently RIgAPETE in plasma was @ASsociated wit
infection or with a significant ificfease in Hortality in
patients with sepsis [295, 296].

Therefore, PCT has been used as a guide for interven-
tions or antibiotic therapy for patients with abdominal
sepsis [297]. However,
s an accurate marker for sepsis or to pre-
dict patient’s response to the initial treatment [298].

should be

Conclusions

An optimal antimicrobial approach to treating IAI
involves a delicate balance between the optimization of
empiric therapy, which improves clinical outcomes, and
the reduction of excessive antimicrobial use, which
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increases the rate of emergence of antimicrobial-resistant
strains. Increasing resistance rates among Gram-negative
pathogens that are responsible for serious nosocomial

infections, includin

is a consequence of increasing acquisition of carbapene-
mase genes worldwide [299]. These organisms represent
an emerging threat due to the limited availability of viable
therapeutic options. This complicates the choice of the
most appropriate empiric treatment for patients with IAI
The clinical challenge remains to find the balance between
ensuring that each individual patient is appropriately
covered for the most likely pathogens of their IAI, while
avoiding the use of overtly broad-spectrum antimicrobials
in order to preserve them for future use. The appropriate-
ness and need for antimicrobial treatment should be re-
assessed daily. Treatment duration as short as 4 days may
be sufficient for a vast majority of patients suffering from
complicated IAls, when coupled with effective source
control.

Although most clinicians are aware of the problem of
antimicrobial resistance, most underestimate its import-
ance; judicious antimicrobial management decisions is
an integral part of responsible medication prescribing
behavior.

In Appendix recommendations for appropriate therapy
in patients with intra-abdominal infections are reported.

Appendix
Recommendations for appropriate therapy in patients
with intra-abdominal infections

e Antimicrobials should be used after a treatable IAI
has been recognized or if there is a high degree of
suspicion of an infection.

e Datient factors, the nature of the infection and
disease, and the environment all affect appropriate
planning of antimicrobial therapy.

e Empiric antimicrobial therapy should be started in
patients with IAIL

e Knowledge of local rates of resistance is an essential
component in the determination of the empiric
antimicrobial regimen for IAL

e For patients with community-acquired IAI, empiric
agents with a narrower spectrum of activity are
sufficient.

e For patients with hospital-acquired IAI, antimicrobial
regimens with broader spectrum of activity are

preferred.
o Targeted antimicrobial therapy regimens are
appropriate  when culture and antimicrobial

susceptibility test results are available.
e In uncomplicated IAl, post-operative therapy is not
usually necessary following source control.
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e In complicated IAls, antimicrobial therapy is
usually continued after source control.

e The antimicrobial therapy should be shortened in
patients demonstrating a positive response to
treatment.

to determine ongoing
uncontrolled sources of infection, or antimicrobial
treatment failure.

e Where possible, conversion to oral antimicrobial
agents with high oral bioavailability should be
considered to minimize the adverse effects associated
with intravenous access devices.

e Sufficient knowledge of the general principles of
antimicrobial therapy is necessary for clinicians
treating intra-abdominal infections; this may
minimize treatment failures, and minimize the
development of antimicrobial resistance.
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