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Abstract

Antimicrobial resistance (AR) is a global,
emergent problem because an increasing
numbers of serious community acquired and
nosocomial infections are caused by resistant
bacterial pathogens. It is a direct consequence
of the excessive and irrational use of antibi-
otics. The use of antimicrobial agents – aimed
to decrease morbidity and mortality rate relat-
ed to intra-abdominal infections – is very high,
often improper, in the Departments of General
and Emergency Surgery and Intensive Cure
Units. Source control and empiric antibiotic
therapy have to be administrated as early as
possible to decrease high mortality rates in
patients with severe sepsis or septic shock
and, in this, the general surgeon has a crucial
role. Proper antimicrobial stewardship in
selecting an appropriate antibiotic and opti-
mizing its dose and duration to cure intra-
abdominal infections may prevent the emer-
gence of AR and decrease costs for antibiotics.

Introduction

Antibiotics are the only drugs available to
fight against infections. Their frequent, and
often improper, use is seen in the department
of general and emergency surgery and in the
Intensive Cure Units (ICU) to decrease mor-
bidity and mortality rate related to intra-
abdominal infections (IAIs). Antimicrobial
resistance (AR) is a direct consequence of the
excessive and irrational use of antibiotics.

More specifically, this results from the incor-
rect indication, spectrum, route, dose or dura-
tion of therapy regarding antimicrobials.
AR is a global, emergent problem because

an increasing number of serious community
acquired and nosocomial infections are caused
by resistant bacterial pathogens. AR affects all
major classes of antimicrobial agents, often
involving multiple classes and resulting in
complex resistance phenotypes for which only
a very limited number of drugs remain active,
leading to increased costs and deaths.
In the United States, antibiotic-resistant

infections are associated with 23,000 deaths
and 2 million illnesses per year, with estimated
excess direct healthcare costs of $20 and $35
billion in lost productivity, respectively.
Resistant organisms can increase patient-
related prescribing costs by $8000 to $30,000.1

Italy has the highest prevalence of AR
among European countries, in particular car-
bapenem-resistant Klebsiella pneumonia,
which reached 34.3% in 2013.2

The World Health Organization (WHO) is
highly active in the development of measures
to contain the spreading of AR, providing a fra-
mework of interventions to slow the emer-
gence and reduce the spread of antimicrobial-
resistant microorganisms, with the aim of
optimizing appropriate antibiotic treatment,
but a global collective action is necessary to
control this phenomenon. In the last years,
many antibiotic stewardship programs has
been proposed with the objective to ensure
effective treatment for patients with bacterial
infection and to support professionals and
patients to reduce unnecessary use and mini-
mize collateral effects and excess cost.

Opinion Report

Etiology and antibiotic resistance
The etiology of IAIs is often polymicrobial

and usually includes organisms derived from
the gut microbiota. In community-acquired
IAIs enterobacteria predominate (mostly
Escherichia coli) in combination with anaer-
obes (mostly Bacteroides fragilis). In nosoco-
mial IAIs, which can complicate abdominal
surgery, pathogens such as Pseudomonas
aeruginosa, Acinetobacter baumannii,
Staphylococcus aureus, Enterococcus spp. and
Candida spp. are often involved.3,4

Infections originating from the stomach,
duodenum, bile ducts, or proximal small intes-
tine are mostly caused by Gram-positive and
Gram-negative facultative aerobic bacteria.
Infections originating from the ileum are
mainly caused by facultative aerobic and obli-
gate aerobic Gram-negative bacteria (such as
e.g. Bacteroides fragilis). In the case that the
colon is the organ of origin, facultative and

obligate anaerobic microbes are predominant
(often enterococci, most often E. coli).3,4

The WHO global report describes the major-
ity of world regions with over 50% resistance of
Escherichia coli (E. coli) and Klebsiella
Pneumoniae to third generation
cephalosporins and fluoroquinolones, associa-
ted with the increasing prevalence of car-
bapenem-resistant organisms, and other
multi-resistant strains such as Methicillin
resistant Staphylococcus aureus (MRSA) as
well as extended-spectrum beta-lactamase
(ESBL) producers.5

The AR situation in Europe displays large
variations depending on the bacterium,
antimicrobial group and geographical region.
Over the 2011-2014, resistance to third gener-
ation cephalosporins in Klebsiella pneumoniae
and Escherichia coli increased significantly.6

According to data reported by the European
Antimicrobial Resistance Surveillance
Network (EARS-Net) in 2014, a large propor-
tion of the isolates resistant to third-genera-
tion cephalosporins produced an ESBL. Third-
generation cephalosporin resistance in combi-
nation with fluoroquinolone and aminoglycosi-
de resistance increased between 2011 and
2014 for both E. coli and K. pneumoniae. The
European Union/European Economic Area
(EU/EEA) population-weighted mean for car-
bapenem resistance in 2014 was 7.3% for K.
pneumoniae (resistance percentages ranged
between zero and 62.3%); carbapenem resist-
ance remained very low in E. coli (0.1%). For P.
aeruginosa, the EU/EEA population-weighted
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mean percentage for carbapenem resistance
increased significantly between 2011 and
2014. Acinetobacter spp. is the bacterium for
which the highest carbapenem resistance lev-
els were reported. For meticillin resistant
Staphylococcus aureus (MRSA), the EU/EEA
population-weighted mean percentage has
decreased over the last four years, from 18.6%
in 2011 to17.4% in 2014.6

The crucial role of the surgeon in
the management of intra-abdomi-
nal infections
Inappropriate antibiotic use is frequent in

surgical units and surgeons have an important
role in the early diagnosis and management of
IAIs: improper initial empiric antibiotic the-
rapy is associated with greater morbidity. 
IAIs include several different pathological

conditions ranging from complicated appen-
dicitis to stercoral peritonitis; they can be clas-
sified in uncomplicated IAI, when the infection
involves a single organ and does not spread to
the peritoneum; and complicated IAI, when the
infectious process proceeds beyond a single
organ, causing either localized or diffuse peri-
tonitis.
Some authors prefer referring to the classi-

fication of peritonitis, which is the most fre-
quent IAIs, into 3 different forms:3 primary
peritonitis, that is hematogenous peritonitis
in children, spontaneous bacterial peritonitis
in adults, tuberculous peritonitis, usually in
the setting of an immunocompromised state of
the patient; secondary peritonitis, that is relat-
ed to a pathologic process in a visceral organ,
such as perforation or trauma, including iatro-
genic trauma, that requires surgical or inter-
ventional treatment (it can be classified as
community- and hospital-acquired-postopera-
tive peritoniti); tertiary peritonitis, that is per-
sistent or recurrent infection after adequate
initial therapy.
According to the etiology, IAIs can be divided

in 3 subgroups: i) community acquired extra-
biliary infections, that include gastro-duodenal
perforations, acute appendicitis, acute diverti-
culitis, large bowel perforation; ii) community
acquired biliary infections, that include acute
cholecystitis and cholangitis; iii) hospital
acquired infections (postoperative and non
postoperative peritonitis).7

Early control of the septic source is manda-
tory. Patients with uncomplicated IAIs can be
treated with either surgical resection or antibi-
otics; when the infection is effectively resolved
by surgical excision, 24-48 short therapy is suf-
ficient. The treatment of complicated IAI pro-
vides source control surgery associated with
antibiotic therapy. Stratification of the
patient’s risk is essential in order to optimize
the treatment plan.8 According to the severity
of the clinical presentation, IAIs can be divided
into mild-moderate and severe; severe IAIs are

associated with progressive multiple organ
dysfunction, prolonged hospitalization, and
high mortality.9

In the Infectious Diseases Society of
America (IDSA) guidelines, patients with IAIs
are defined at high risk when there are a range
of reasons for increased rates of treatment
failure, in addition to a higher severity of
infection, particularly patients with an
anatomically unfavorable infection or a health
care associated infection.10

Factors predicting failure of source control
for IAIs are: delay in the initial intervention
(>24 h); high severity of illness (APACHE II
score >=15); advanced age; comorbidity and
degree of organ dysfunction; low albumin level;
poor nutritional status; degree of peritoneal
involvement or diffuse peritonitis; inability to
achieve adequate debridement or control of
drainage; presence of malignancy.8

Sepsis is the unfavorable evolutive step of
the IAIs; it is a complex, multifactorial, syn-
drome that can progress to condition of vary-
ing severity; there is an increased risk of death
as patients’ transition from sepsis to severe
sepsis and septic shock. Patients affected by
septic shock require early admission in ICU to
administrate resuscitation, source control and
large spectrum antimicrobial therapy.
Mortality for sepsis in critically ill patients can
reach 50%; according to the CIAOW Study data,
mortality for sepsis is 10.5 and 29.8% of surgi-
cal patients were admitted to the ICU in the
early recovery phase after abdominal surgery.4

Time to initiation of antibiotic treatment is
the single strongest predictor of outcome. Each
hour’s delay increases mortality by 7.6%, over
the first 6 hours. Septic shock and severe sep-
sis upon hospital admission were both predic-
tive of patient mortality. Sepsis increases
patient-related costs six-fold.1 In the literature,

several criteria were found to be independent
variables predictive of mortality, including
patient age, the presence of small bowel perfo-
ration, a delayed initial intervention (a delay
exceeding 24 hours), ICU admission and
patient immunosuppression.8-10

The surgeon has the important role to pre-
vent the progression from sepsis to shock sep-
tic with his early treatment decisions. Sartelli
highlights the importance of surgeons using a
scoring system to reduce the time in evaluat-
ing prognoses, assessing the severity of the
complicated IAIs and decision-making regard-
ing the aggressiveness of ensuing treatment.
To stress his point, Sartelli carried out a multi-
center international observational study to val-
idate the World Society Emergency Surgeons
(WSES) Sepsis Severity Score (SSS), a practi-
cal clinical severity score for patients with
complicated IAIs (Table 1). Data reported con-
firmed that the WSES SSS shows high sensi-
tivity, specificity and likelihood ratio, leading
to the conclusion that it may help in reaching
a clinical decision in the management of
patients affected by IAIs.8

Source control and early empiric
antibiotic therapy
Once the diagnosis of IAI is suspected or

confirmed by clinical, biological and radiologi-
cal investigations, it is mandatory to begin, as
soon as possible, the empiric antimicrobial
therapy and simultaneously obtain source
control, after the diagnosis of postoperative
peritonitis.7

The Complicated Intra-Abdominal infection
Observational Worldwide (CIAOW) study pro-
posed by the WSES, with the aim to describe
the clinical, microbiological and management
related profiles of both community- and health
care-acquired complicated IAIs in a worldwide
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Table 1. World Society Emergency Surgeons Sepsis Severity score (range 0-18) for risk’s
stratification of the septic patients.

                                                                                                                           Score

Clinical condition at the admission                                                                                                      
        Severe sepsis at admission                                                                                                          3
        Septic shock at the admission                                                                                                     5
Setting of acquisition                                                                                                                              
        Healthcare associated infection                                                                                                  2
Origin of the IAIs                                                                                                                                      
        Colonic non-diverticular perforated peritonitis                                                                      2
        Small bowel perforation peritonitis                                                                                            3
        Diverticular diffuse peritonitis                                                                                                    2
        Postoperative diffuse peritonitis                                                                                                2
Delay in source control                                                                                                                           
        Delayed initial intervention (preoperative duration of peritonitis >24 h)                       3
Risk factors                                                                                                                                                
        Age >70 years                                                                                                                                   2
        Immunosoppression                                                                                                                      3
IAI, intra-abdominal infection.
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context, reported that the most frequent
source of infection was acute appendicitis and
that open appendectomy was the most com-
mon approach in the patients with complicated
appendicitis. Open cholecystectomy was the
most common means of treating complicated
cholecystitis; Hartmann’s resection was the
most frequently performed procedure to
address both complicated diverticulitis and
non-diverticular colonic perforations world-
wide.4

Patients with septic shock and severe sepsis
at admission may benefit from aggressive sur-
gical treatment to control multiple organ dys-
function syndrome. A single surgical explora-
tion could not be sufficient to achieve source
control (SC).
The management of IAIs by SC represents a

key component of success in therapy of sepsis.
It includes drainage of infected fluids, debride-
ment of infected soft tissues, removal of infec-
ted devices or foreign bodies, and finally, pre-
cise surgical techniques to correct any anato-
mic, iatrogenic or not derangement. SC can be
achieve by re-laparotomy strategies with tem-
porary abdomen closure or open abdomen.4

Open abdomen (OA) procedure can be used
as therapeutical option in the management of
patients with severe sepsis, with the aim to
control any persistent source of infection, pre-
venting abdominal compartment syndrome
and defer definitive intervention and anasto-
mosis. It provides 3 stages: i) adequate and
prompt source control; sepsis source control is
based on 3 principles: drainage and lavage of
the infected fluid, debridement of
infected/necrotic tissue and definitive or tem-
porary measures to correct anatomic derange-
ments and to restore optimal function; ii)
resuscitation and adequate antimicrobial the-
rapy; iii) re-exploration of the abdomen after
24-48 hours and early and definitive closure of
the abdomen.11

Early and proper empirical antibiotic the-
rapy is fundamental to increase overall survi-
val in septic patients; in literature, many stu-
dies confirmed that inappropriate initial empi-
ric antibiotic therapy is associated with grea-
ter morbidity.12,13

Membrilla Fernandez et al. carried out a
prospective, multi-centric (24 Spanish hospi-
tals involved), observational study with the
aim to evaluate the impact of adequate empiric
antibiotic treatment associated with control of
the infection, focused on the morbidity and
mortality rates of patients with secondary peri-
tonitis. The study included 362 patients (262
with community-acquired IAIs, 100 with post-
operative peritonitis); the rates of therapeutic
failure, re-operation, and mortality reported
were 48, 13, and 8%, respectively. Empiric anti-
biotic treatment was inappropriate in 39% of
cases, and associated with a higher rate of sur-
gical site infection (53 vs 40%; P=0.031) and

death (12 vs 5%; P=0.021) than was observed
in patients receiving appropriate initial empi-
ric therapy. The authors concluded that inap-
propriate initial empiric antibiotic therapy was
associated with higher rates of therapeutic fai-
lure, surgical site infection, re-operation, and
death.14

The principles of empiric antibiotic treat-
ment should be defined according to the most
frequently isolated germs, always taking into
consideration the local trend of antibiotic
resistance and the international evidence-
based guidelines.
Zhang et al. retrospectively analyzed medi-

cal records of patients with IAIs to investigate
the clinical and etiological characteristics of
community-acquired IAIs and hospital-acqui-
red or nosocomial IAIs in China, to understand
which antibiotics use in the initial empiric
therapy; they concluded that in clinical prac-
tice, the application of international guide-
lines, in particular of the 2010 Infectious
Diseases Society of America guidelines, is the
first step of an empirical broad spectrum
antimicrobial treatment, but the regimen
needs to be adapted early, in accordance with
regional IAIs pathogenic bacteria isolated by
cultures and to their own features in drug
resistance.9

The CIAOW Study, a multi center prospec-
tive observational study which joined 68 med-
ical institutions with a total of 1898 patients
included the study, showed that the major
pathogens involved in community-acquired
IAIs were found to be Enterobacteriaceae
(especially E. coli, Klebsiella pneumoniae,
Enterobacter), Streptococcus species, and cer-
tain anaerobes (particularly B. fragilis).
Extended spectrum beta lactamase (ESBL)
producers were the most commonly identified
drug-resistant microorganism involved in IAIs.
ESBL-producing Enterobacteriaceae are
becoming increasingly common in community-
acquired infections.4

Pseudomonas aeruginosa (non fermenting
gram negative bacterium) is one of the major
nosocomial pathogens worldwide, intrinsically
resistant to many drugs and it is able to
become resistant to virtually any antimicrobial
agent.4 Enterococci (E. faecalis and E. faeci-
um) were the most Gram positive facultative
anaerobic isolates and they were more preva-
lent in nosocomial infections. Enterococci
infections are difficult to treat because of both
intrinsic and acquired resistance to many anti-
biotics. Furthermore, in the last years there
has been a significant increase in the inci-
dence of invasive infections due to Candida
species.4,12,13

The choice of the antimicrobial regimen
depends on the source of intra-abdominal
infection, the risk factors for specific microor-
ganisms, the resistance patterns and the clini-
cal patient’s condition.

In uncomplicated IAIs, when the focus of
infection is treated effectively by surgical exci-
sion of the involved tissue, the administration
of antibiotics is unnecessary beyond prophy-
laxis. Peri-operative antibiotic prophylaxis,
defined as a single administration of antibi-
otics shortly before a surgical intervention to
reduce surgical wound infections in visceral
surgery, reduces the duration of the hospital
stay and health care costs.3 A prolonged pro-
phylaxis including the postoperative period
(e.g. 1-3 days postoperatively) should be avoid-
ed as it does not reduce the number of wound
infections and is associated with an increased
risk of AR and side effects. Prolonged peri-ope-
rative antibiotic prophylaxis is associated with
an increased risk of Clostridium difficile-asso-
ciated infection.3

In complicated IAIs, antimicrobial therapy is
mandatory. 
For patients with community acquired IAIs,

the pathogens are generally predictable
(Enterobacteriaceae such as E. coli, Klebsiella
pneumonia, Enterobacter; Streptococ cus
species, and B. fragilis) and antimicrobial
agents with narrower spectrum of activity are
preferred.7,10,12

Hospital acquired infections are commonly
caused by larger and more resistant flora such
as ESBL producers, Pseudomonas aeruginosa,
methicillin resistant Staphylococcus aureus
(MRSA), Acinetobacter baumanii, vancomicyn
resistant enterococcus, Klebsiella pneumoniae
carbapenemases, and for these infections,
complex multi-drug regimens are always
recommended.7,10,12

Biliary infections are often caused by gram
negative aerobes such as E. coli, Klebsiella
pneumoniae and anaerobes as Bacteroides fra-
gilis.7,10,12

A regimen was considered adequate when
all relevant pathogens isolated in one patient
were susceptible to at least one of its compo-
nents.13

Diagnostic microbiology of IAIs plays a rele-
vant role in the therapeutic strategy of every
patient, in the era of the broad spread of resis-
tant microorganisms above all in nosocomial
IAIs. In community acquired infections ESBL
Enterobacteriaceae, carbapenemase produ-
cing gram negatives, beta-lactam and vanco-
mycin resistant enterococci are increasingly
involved. Treatment alternatives for patients
infected with bacteria resistant to both car-
bapenems and other key antimicrobial groups
are often limited to combination therapy and
to older antimicrobial agents such as polymyx-
ins, e.g. colistin.12,13

Empirical antifungal therapy for candida
species is recommended for patients with
nosocomial infections. An echinocandin regi-
men is recommended for critical ill patients
with nosocomial infections.7

Focusing on WSES guidelines for the mana-
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gement of IAIs, antimicrobial therapy for com-
munity acquired extra-biliary IAIs, in stable
non critical patients without ESBL associated
risk factors, provides the first line use of
amoxicillin/clavulanate, or ciprofloxacin asso-
ciated with metronidazole in allergic to beta
lactams patients; for stable patients with risk
of ESBL pathogens, ertapenem or tigecycline
are indicated; for critically ill patients with no
ESBL associated risk factors, piperacillin/tazo-
bactam is the antimicrobial agent indicated,
while in critically ill patients with risk of ESBL
pathogens, meropenem or imipenem +/- fluco-
nazole are indicated. 
In the treatment of biliary infections, for

stable patients without ESBL associated risks
factors amoxicilline/clavulanate or in presence
of allergic patients ciprofloxacin+metronida-
zole are indicated; in patients with risk of
ESBL pathogens, tigecycline is indicated; for
critically ill patients with biliary infections
piperacillin/tazobactam is indicated in case of
no risk of ESBLs, and piperacillin+tigecy-
cline+/-fluconazole, in case of ESBL patho-
gens.
In the treatment of nosocomial IAIs, in sta-

ble patients piperacillin+tigecycline+flucona-
zole are indicated; critically ill patients have to
be treated with the association of piperacil-
lin+tigecycline+echinocandin or meropenem,
imipenem, doripenem+teicoplanin+echino-
candin (Table 2).7

Steinbach et al. developed a method to
assess the spectrum adequacy of antimicrobial
regimens in patients affected by secondary
peritonitis, called battleship approach, retro-
spectively analyzing data from 242 patients
admitted to the surgical intermediate and
intensive care unit (88 community acquired
and 154 postoperative peritonitis); they sho-
wed the importance of obtaining representati-
veness of pathogens responsible for IAI by
Swab, taken from the intraperitoneal fluid
immediately after laparotomy, of considering
the polymicrobial nature of secondary peritoni-
tis and the different resistance patterns of all

pathogens identified to adapt common antimi-
crobial regimens and cover all relevant patho-
gens isolated; the principle of this approach is
that the battleship is only sunk when all parts
of it have been hit.13 The group reported that
Enterococci were isolated in 47.1% of all
patients, followed by Escherichia coli (42.6%),
other enterobacteriaceae (33.1%), anaerobes
(29.8%) and Candida spp. (28.9%). The
susceptibility rates and spectrum adequacy
rate (SAR) were lower in postoperative than in
community acquired cases. The following regi-
mens yielded a SAR >95% when enterobacte-
riaceae only were considered:
piperacillin/tazobactam + gentamicin, cefota-
xim (only for community acquired cases),
cefotaxim + gentamicin, meropenem, tigecy-
cline + gentamicin or tigecycline + ciprofloxa-
xin. When enterococci were also considered,
all betalactam based regimens required combi-
nation with vancomycin or linezolid for a SAR
> 95%, whereas Tigecycline based regimens
were not compromised. As for Candida spp.,
the SAR of fluconazole was 81.9-87.5%.13

This approach has its own logic in clinical
practice, as empirical broad-spectrum antimi-
crobial treatment can expose patients to an
overuse of antimicrobials, increasing AR. 
Another effective clinical approach to limit

the spreading of AR is the de-escalation stra-
tegy. It refers to the replacement of empirical
broad-spectrum antimicrobial treatment with a
narrower antimicrobial therapy, by either
changing the pharmacological agent or discon-
tinuing a pharmacological combination accor-
ding to the patient’s microbial culture results.15

It is known that patients with sepsis benefit
from aggressive antimicrobial treatment in
order to control high mortality rate reported in
literature. 
Turza et al. carried out a retrospective study

to evaluate if antibiotic de-escalation strategy
applied to critically ill patients was associated
with increased patient mortality rates or wor-
sening of the primary infection. 
He concluded that antibiotic de-escalation

was not associated with increased mortality
rates, but the duration of antibiotic use was
longer for patients treated in this way. Greater
mortality rates were observed in the non-dees-
calated group, probably because the greater
severity of disease classification (APACHE
II).16

It is essential that the dosing of antibiotics
is adequately adjusted in order to achieve an
effective drug level above the minimum inhibi-
tion concentration but avoiding toxic side
effects, above all in patients patients with
acute kidney injury and continuous renal
replacement therapy.17 Determination of
serum levels should always be carried out,
when this is possible. In any case, a suffi-
ciently high loading dose should be included.17

Lower than standard dosages of renally excre-
ted drugs must be administered in the pre-
sence of impaired renal function, while higher
than standard dosages of renally excreted
drugs may be required for optimal exposure in
patients with glomerular hyperfiltration.7

In clinical practice all antibiotic treatment
started with an intravenous administration fol-
lowed by oral switch when appropriate (normal
infection signs, normal infection laboratory
parameters and resumption of oral feeding).18

Sartelli, after reviewing literature about dura-
tion of antibiotic therapy, concluded that in
stable patients a short course of antimicrobial
therapy (3-5 d) after adequate source control,
depending on fever and leukocytosis, may be a
reasonable option. In critically ill patients with
severe sepsis and septic shock, an individual-
ized approach is always mandatory and
patient’s inflammatory response should be
monitored regularly by the dosage of
Procalcitonin.19

Antibiotic stewardship programs
for surgeons
For WHO guidelines, the rational use of

drugs requires that patients receive medica-
tions appropriate to their clinical needs, in
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Table 2. 2013 World Society Emergency Surgeons guidelines for management of intra-abdominal infections.

                          Community acquired extra biliary IAIs      Community acquired biliary IAIs         Nosocomial extra biliary IAIs
                                                                                                                                                                                                                                                     

Patient    Stable-non critical;  Stable-non critical    Critically ill with       Critically ill           Stable-non critical;     Stable-non critical     Critically ill with     Critically ill          Stable-non critical;       Critically ill; 
                      no risk factors              with ESBL              no risk factors          with ESBL                no risk factors                 with ESBL             no risk fac-tors      with ESBL                 risk for MDR                 risk for 
                           for ESBL               associated risk               for ESBL           associated risk                for ESBL                 associated risk              for ESBL       associated risk               pathogens            MDR pathogens
                                                                   factors                                                           factors                                                                   factors                        factors
Treatment     Amoxicillin/                Ertapenem                Piperacillin/        Meropenem or              Amoxicillin/                   Tigecycline                Piperacillin/       Piperacillin+              Piperacillin+            Piperacillin+
                         clavulanate              or tigecycline              tazobactam            imipenem                clavulanate or                                                      tazobactam       tigecycline+/-              tigecycline+             tigecycline+
                   or ciprofloxacin+                                                                                +/-fluconazole             ciprofloxacin                                                                                      fluconazole                 fluconazole             echinocandin
                      metronidazole                                                                                                                         +metronidazole                                                                                                                                                           or meropenem, 
                   in allergic patient                                                                                                                    in allergic patient                                                                                                                                                               imipenem, 
                                                                                                                                                                                                                                                                                                                                                                        teicoplanin+
                                                                                                                                                                                                                                                                                                                                                                        doripenem+
                                                                                                                                                                                                                                                                                                                                                                        echinocandin
IAI, intra-abdominal infection; ESBL, extended-spectrum beta-lactamase; MDR, multidrug resistant.
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doses that meet their own individual require-
ments, for an adequate period of time and at
the lowest cost for themselves and their com-
munity.5 The research involved with the devel-
opment of new antibiotics has not progressed
in parallel with the increasing rate of AR, and
clinicians do not have many options, which
often are more expensive, to treat resistant
infections. Adequate education programs and
the application of evidence based international
guidelines in clinical practice can decrease
healthcare costs with considerable benefits in
terms of cost effectiveness. De Simone et al.,
demonstrated in a retrospective study that an
inexpensive and easy application of guidelines
based on medical evidence, such as WSES gui-
delines for the management of IAI, in a depart-
ment of Emergency and Trauma Surgery can
lead to a significant reduction of hospital costs
with improved outcomes.18

Conclusions

The use of antimicrobial agents is very high
and often improper in the management of IAIs.
AR is a direct consequence of the excessive
and irrational use of antibiotics with limited
therapeutic option in clinical practice because
of the lack in the development of new and
effective antimicrobial agents. Source control
and empiric antibiotic therapy have to be
administrated as early as possible to decrease
high mortality rates in patients with severe
sepsis or septic shock.
It is imperative for every surgeon to know

that: prolonged peri-operative antibiotic pro-
phylaxis is associated with an increased risk of
Clostridium difficile-associated infection and
side-effects (it does not reduce the number of
wound infections); time to initiation of antibi-
otic treatment is the single strongest predictor
of outcome; the principles of empiric antibiotic
treatment should be defined according to the
most frequently isolated germs, always taking
into consideration the local trend of antibiotic
resistance and the international evidence-
based guidelines; the choice of the antimicro-
bial regimen depends on the source of intra-
abdominal infection, the risk factors for speci-
fic microorganisms, the resistance patterns
and the clinical patient’s condition (WSES-
SSS); the de-escalation strategy refers to the
replacement of empirical broad-spectrum anti-

microbial treatment with a narrower antimi-
crobial therapy, according to the patient’s
microbial culture results; it is effective in limi-
ting the selection of resistant pathogens.
Proper antimicrobial stewardship in select-

ing an appropriate antibiotic and optimizing
its dose and duration to cure IAIs may prevent
the emergence of AR and decrease costs for
antibiotics. A global cooperation to limit the
spreading of AR is necessary.
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