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Le infezioni da germi MDR in chirurgia



CIAO Study

The CIAO Study (“Complicated Intra-Abdominal infections
Observational” Study) is a multicenter study performed
throughout Europe over the course of a 6-month observational
period (January - June 2012).

2



Complicated intra-abdominal infections in Europe: a comprehensive review of the 

CIAO study.                                 Sartelli M et al, World J Emerg Surg 2012;7:36. 

Source of infection in 4553 patients from 132 hospitals worldwide 
(15 Oct 2014– 15 Feb 2015) 



CIAO Study 
Multivariate analysis: risk factors for occurrence of death during hospitalization

Risk factors Odds 
Ratio 

95%CI p

Age 3.3 2.2-5 <0.0001

Severe sepsis in the immediate post-operative 
course

27.6 15.9-47.8 <0.0001

Septic shock in the immediate post-operative 
course

14.6 8.7-24.4 <0.0001

Colonic non diverticular perforation 4.7 2.5-8 <0.0001

Complicated diverticulitis 2.3 1.5-3.7 <0.0001

Small bowel perforation 21.4 8-57.4 <0.0001

Delayed initial intervention 2.4 1.5-3.7 0.0001

Stepwise multivariate analysis, PR=0.005 E PE=0.001 (Hosmer-Lemeshow chi 2(8)=1.68, area under ROC 
curve=0.9465)

4



CIAO Study
Aerobic bacteria from intra-operative peritoneal fluid

Total 1,525 (100%)

Aerobic Gram-negative bacteria 1,041 (69.2%)

Escherichia coli 632 (41.4%)

(Escherichia coli resistant to third generation 
cephalosporins) 64 (4.2%)

Klebsiella pneuumoniae 109 (7.1%)

(Klebsiella pneumoniae resistant to third 
generation cephalosporins) 37 (2.4%)

Enterobacter 63 (4.1%)

Proteus 33 (2.1 %)

Pseudomonas 80 (5.2%)

Others 124 (8.1%)

Aerobic Gram-positive bacteria 484 (31.7%)

Enterococcus faecalis 169 (11%)

Enterococcus faecium 72 (4.7%)

Staphylococcus Aureus 56 (3.7%)

Streptococcus spp. 100 (6,6%)

Others 87 (5.7%)
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2,152 patients 

1,701 (79%) affected by  CA-IAIs

451 (21%) affected by  HA-IAIs

Complicated intra-abdominal infections in Europe: a comprehensive review of the 

CIAO study.                                 Sartelli M et al, World J Emerg Surg 2012;7:36. 
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7516 surgeries
7.5%

Mortality:6.7%







Classification

Diagnosis

Source control

Antimicrobial therapy

Sepsis control
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Antimicrobial therapy 

The treatment of patients with complicated IAI involves both timely
source control and antimicrobial 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.
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WHICH ARE THE PRINCIPLES OF ANTIBIOTIC THERAPY?

It is important to know the local epidemiological context
to define therapeutic protocols / guidelines for surgical
infections treatment.

It is important to frame clinical conditions, in particular to differentiate between critical and
non-critical patients.

It is important to pursue as much as possible targeted therapy or in any case a de-
escalation in order to preserve some molecules: eg. Carbapenems.

It is important to assess properly the duration of therapy based on source control.



The major pathogens involved in community-acquired intra-abdominal

infections are Enterobacteriaceae (especially E. coli, K pneumoniae,

Enterobacter) Streptococcus species, and anaerobes (especially B. fragilis).

Community-acquired IAIs
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However, if CA-IAI patients have prior exposure to antibiotics or
serious comorbidities requiring concurrent antibioitic therapy, anti-
ESBL-producer coverage may be warranted.

Ben-Ami R, Rodriguez-Bano J, Arsian H, Pitout JD, Quentin C, Calbo ES, Azap OK, Arpin C,
Pascual A, Livermore DM, Garau J, Carmeli Y: A multinational survey of risk factors for infection
with extended-spectrum β-lactamaseproducing Enterobacteriaceae in nonhospitalized
patients. Clin Infect Dis 2009, 49:682–690.

Community-acquired IAIs and ESBL
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In the past 20 years, the incidence of healthcare-associated infections
caused by drug-resistant microorganisms has risen dramatically,
probably in correlation with escalating levels of antibiotic exposure and
increasing frequency of patients with one or more predisposing
conditions, including elevated severity of illness, advanced age, degree
of organ dysfunction, low albumin levels, poor nutritional status,
immunodepression, presence of malignancy, and other comorbidities.
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“ESKAPE” pathogens

• Enterococcus faecium - VRE

• Staphylococcus aureus - MRSA

• Klebsiella pneumoniae - CPE

• Acinetobacter baumanii - XDR

• Pseudomonas aeruginosa - Carba-R PA

• Enterobacteriaceae species - ESBL & CPE



WHICH ARE THE PRINCIPLES OF ANTIBIOTIC THERAPY?

It is important to know the local epidemiological context to define therapeutic protocols /
guidelines for surgical infections treatment.

It is important to frame clinical conditions, in particular to differentiate between
critical and non-critical patients.

It is important to pursue as much as possible targeted therapy or in any case a
de-escalation in order to preserve some molecules: eg. Carbapenems.

It is important to assess properly the duration of therapy based on source
control.



SURGEONS IN MANY WAYS ARE ON THE FRONTLINE OF THE FIGHT AGAINST
RESISTANCE.

This begins with appropriate use of antimicrobial prophylaxis. The elements of this are:
- correct selection of patients known to benefit from prophylaxis
- proper choice of antibiotics at the right dose
- timing (administration with 60 minutes of incision)
- intra-operative redosing for procedures lasting more than two half-lives of the

antibiotic and no post-operative administration

Therapeutic use of antibiotics for soft tissue, intra-abdominal, and other infections should
be guided by microbiology results and attention paid to when therapy should be

terminated.
“Calendar-based prescribing” (one week, two weeks, etc.) should be replaced by
monitoring of progress.



Role of the biomarkers in surgery

C-reactive protein (CRP) and procalcitonin (PCT) can help clinicians to diagnose surgical 
infections.

PCT can help clinicians in early discontinuation of antibiotics in critically ill patients and 
in patients undergoing intervention for acute peritonitis.

Biomarkers as an antimicrobial stewardship instrument !

Diagnostic tool in certain situations…



A procalcitonin based algorithm to guide antibiotic therapy in secondary peritonitis

following emergency surgery: A prospective study with propensity score matching

analysis. Huang TS, et al. PLoS One 2014;9:e90539.

patients diagnosed at the emergency department with secondary peritonitis and underwent

emergency surgery were enrolled. PCT concentrations were obtained preoperatively, on post-

operative days 1, 3, 5, and 7, and on subsequent days if needed. Antibiotics were discontinued if

PCT was <1.0 ng/mL or decreased by 80% versus day 1, with resolution of clinical signs.

PCT group Control p

median duration of antibiotics (days) 3.4 6.1 < 0.001

the PCT-based algorithm was substantially associated with a 87% reduction in hazard

of antibiotic exposure within 7 d (HR) 0.13, 95% CI 0.07–0.21, and a 68% reduction in

hazard after 7 d (adjusted HR 0.32, 95% CI 0.11-0.99)



Procalcitonin-guided therapy may reduce length of antibiotic treatment in intensive

care unit patients with secondary peritonitis: A multicenter retrospective study.
Maseda E, et al. J Crit Care 2015;30:537–542

A total of 121  patients (52 PCT-guided, 69 non-PCT-guided) were enrolled  

PCT control p

Median length of intra-SICU (days) 5 5 NS

Median LOS 20 17 NS

In-H Mortality (%) 9.6 13 NS

28 day mortality 19.2 29 NS

ATB duration  (days) 5.1 10.2 <.001



518 patients with complicated

intraabdominal infection and

adequate source control were

randomly assigned to receive

antibiotics until 2 days after the

resolution of fever, leukocytosis, and

ileus, with a maximum of 10 days of

therapy (control group), or to receive

a fixed course of antibiotics

(experimental group) for 4±1

calendar days. The primary outcome

was a composite of surgical-site

infection, recurrent intraabdominal

infection, or death within 30 days

after the index source-control

procedure, according to treatment

group. Secondary outcomes

included the duration of therapy and

rates of subsequent infections.

Trial of Short-Course Antimicrobial Therapy for Intra-abdominal Infection

Sawyer RG et al N Engl J Med 2015; 372:1996-2005



Trial of Short-Course Antimicrobial Therapy for Intra-abdominal Infection

Sawyer RG et al N Engl J Med 2015; 372:1996-2005



Protocol violation                            18% 27% 

Trial of Short-Course Antimicrobial Therapy for Intra-abdominal Infection

Sawyer RG et al N Engl J Med 2015; 372:1996-2005



Longer-duration antimicrobial therapy does not prevent treatment failure in high-

risk patients with complicated intra-abdominal infections
Hassinger TE et al, Surgical Infect 2017; 18

Patients enrolled in the Study to Optimize Peritoneal Infection Therapy trial were evaluated

retrospectively to identify risk factors associated with treatment failure, which was defined as the

composite outcome of recurrent IAI, surgical site infection, or death.

The STOP-IT trial included 517 patients enrolled The overall rate of treatment

failure was 22.1%.

Four variables showed significant association with failure

•steroid use,

•hospital acquired infection,

•APACHE II score >15,

•colonic source of infection

Both the presence and the number of risk factors were associated independently 

with treatment failure, but treatment duration WAS NOT !



OPPORTUNITA’ DI STEWARDSHIP ANTIMICROBICA IN CHIRURGIA

GLI ATTORI PRINCIPALI:



Antimicrobial Stewardship: A Call to Action for Surgeons
Sartelli M et al - Surgical Infections Volume 17, Number 6, 2016

HIERACHICAL PATTERN OF PRESCRIPTIONS
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Effect of antibiotic stewardship on the incidence of infection and colonisation with

antibiotic-resistant bacteria and Clostridium difficile infection: a systematic review and

meta-analysis
David Baur et al - Lancet Infect Dis 2017; 17: 990–1001

Forest plot of the incidence ratios for studies of the effect of antibiotic stewardship 

on the incidence of MDR GNB



Effect of antibiotic stewardship on the incidence of infection and colonisation with

antibiotic-resistant bacteria and Clostridium difficile infection: a systematic review and

meta-analysis
David Baur et al - Lancet Infect Dis 2017; 17: 990–1001

Forest plot of the incidence ratios for studies of the effect of antibiotic stewardship 

on the incidence of Clostridium difficile infections



Effect of antibiotic stewardship on the incidence of infection and colonisation with

antibiotic-resistant bacteria and Clostridium difficile infection: a systematic review and

meta-analysis
David Baur et al - Lancet Infect Dis 2017; 17: 990–1001

Added value of this study

This systematic review and meta-analysis showed, for the first time, the effectiveness of

antibiotic stewardship programmes in reducing the incidence of infections and colonisation due

to multidrug-resistant Gram-negative bacteria, extended-spectrum β-lactamase (ESBL)-

producing Gram-negative bacteria, meticillin-resistant Staphylococcus aureus, and C difficile.
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