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Extension de foyers infec/eux intra-abdominaux
(abcès, perfora.ons)
• Appendicite compliquée 
• Cholécys.te compliquée 
• Diver.culite compliquée
• Abcès hépa.que compliqué
• Pancréa.tes aiguës/coulées/abcès 
• Abcès renal/perirenal post PNA
• Fonte splénique purlente
• Salpingite compliquée

Post-opératoires
• Lâchage de (sutures, anastomoses, moignons)
• Contamina.on per-opératoire
• Transloca.on bactérienne

Perforation de viscère creux
(ulcère, cancer, occlusion, traumatisme, infl)
• Estomac
• Voies biliaires
• Côlon
• Grêle
• Diverticule
• Utérus ou trompes
• Vessie

Ischémies/nécroses 
(translocation puis perforation)
• Cholécystite alithiasique
• Infarctus intestinal
• Occlusion
• Cancer du pancréas

Foyers – étiologies 
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• Infection du liquide d’ascite
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• post-opératoires

TerCaires
• secondaire compliquée
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Associées aux soins
(nosocomiales)
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Epidemiology of intra-abdominal infection 
and sepsis in critically ill patients: “AbSeS”, 
a multinational observational cohort study 
and ESICM Trials Group Project
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Jan De Waele8, Mieke Deschepper9, Yalim Dikmen10, George Dimopoulos11, Christian Eckmann12, 
Guy Francois13, Massimo Girardis14, Despoina Koulenti15,16, Sonia Labeau1,17, Jeffrey Lipman18,19, 
Fernando Lipovestky20, Emilio Maseda21, Philippe Montravers22,23, Adam Mikstacki24,25, José-Artur Paiva26, 
Cecilia Pereyra27, Jordi Rello28, Jean-Francois Timsit29,30, Dirk Vogelaers31 and the Abdominal Sepsis Study 
(AbSeS) group on behalf of the Trials Group of the European Society of Intensive Care Medicine
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Abstract 
Purpose: To describe the epidemiology of intra-abdominal infection in an international cohort of ICU patients 
according to a new system that classifies cases according to setting of infection acquisition (community-acquired, 
early onset hospital-acquired, and late-onset hospital-acquired), anatomical disruption (absent or present with local-
ized or diffuse peritonitis), and severity of disease expression (infection, sepsis, and septic shock).

Methods: We performed a multicenter (n = 309), observational, epidemiological study including adult ICU patients 
diagnosed with intra-abdominal infection. Risk factors for mortality were assessed by logistic regression analysis.

Results: The cohort included 2621 patients. Setting of infection acquisition was community-acquired in 31.6%, early 
onset hospital-acquired in 25%, and late-onset hospital-acquired in 43.4% of patients. Overall prevalence of antimicro-
bial resistance was 26.3% and difficult-to-treat resistant Gram-negative bacteria 4.3%, with great variation according 
to geographic region. No difference in prevalence of antimicrobial resistance was observed according to setting of 
infection acquisition. Overall mortality was 29.1%. Independent risk factors for mortality included late-onset hospital-
acquired infection, diffuse peritonitis, sepsis, septic shock, older age, malnutrition, liver failure, congestive heart 
failure, antimicrobial resistance (either methicillin-resistant Staphylococcus aureus, vancomycin-resistant enterococci, 
extended-spectrum beta-lactamase-producing Gram-negative bacteria, or carbapenem-resistant Gram-negative 
bacteria) and source control failure evidenced by either the need for surgical revision or persistent inflammation.

*Correspondence:  stijn.blot@UGent.be 
1 Department of Internal Medicine and Pediatrics, Ghent University, 
Campus UZ Gent, Corneel Heymanslaan 10, 9000 Ghent, Belgium
Full author information is available at the end of the article
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Group of the European Society of Intensive Care Medicine have been 
given in the Acknowledgements section.
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Abstract
Severe intra-abdominal infection commonly requires intensive care. Mortality is high and is mainly determined by disease-
specific characteristics, i.e. setting of infection onset, anatomical barrier disruption, and severity of disease expression. 
Recent observations revealed that antimicrobial resistance appears equally common in community-acquired and late-onset 
hospital-acquired infection. This challenges basic principles in anti-infective therapy guidelines, including the paradigm that 
pathogens involved in community-acquired infection are covered by standard empiric antimicrobial regimens, and second, 
the concept of nosocomial acquisition as the main driver for resistance involvement. In this study, we report on resistance 
profiles of Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterococcus faecalis and Enterococcus 
faecium in distinct European geographic regions based on an observational cohort study on intra-abdominal infections in 
intensive care unit (ICU) patients. Resistance against aminopenicillins, fluoroquinolones, and third-generation cephalosporins 
in E. coli, K. pneumoniae and P. aeruginosa is problematic, as is carbapenem-resistance in the latter pathogen. For E. coli 
and K. pneumoniae, resistance is mainly an issue in Central Europe, Eastern and South-East Europe, and Southern Europe, 
while resistance in P. aeruginosa is additionally problematic in Western Europe. Vancomycin-resistance in E. faecalis is 
of lesser concern but requires vigilance in E. faecium in Central and Eastern and South-East Europe. In the subcohort of 
patients with secondary peritonitis presenting with either sepsis or septic shock, the appropriateness of empiric antimicrobial 
therapy was not associated with mortality. In contrast, failure of source control was strongly associated with mortality. The 
relevance of these new insights for future recommendations regarding empiric antimicrobial therapy in intra-abdominal 
infections is discussed.

Dirk Vogelaers and Stijn Blot shared joint first authorship of this 
work.

The members for the Abdominal Sepsis Study (‘AbSeS’) Group 
on behalf of the Trials Group of the European Society of Intensive 
Care Medicine is listed in Acknowledgements section.
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1 Introduction

The denominator of intra-abdominal infection (IAI) covers a 
large spectrum of disease that either involves a single organ 
without anatomical disruption or an increasing degree of 
complexity ranging from localized peritonitis over intra-
abdominal abscedation to diffuse peritonitis, with a range 
of disease severity up to septic shock [1]. Hence caution is 
warranted in lumping this spectrum together into a single 
category as this carries risks of generalization and diagnostic 
reductionism [2].

IAI represents an important cause of morbidity and 
mortality, especially with severity of disease expression 
requiring intensive care unit (ICU) admission, or when IAI 
complicates the course of already critically ill patients [3, 
4]. In the latter, mortality is determined mainly by (1) set-
ting of infection acquisition (either community-acquired, 
healthcare-associated or early-onset hospital-acquired and 
late-onset hospital-acquired); (2) the presence of anatomical 
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Abstract 
Purpose: To describe data on epidemiology, microbiology, clinical characteristics and outcome of adult patients 
admitted in the intensive care unit (ICU) with secondary peritonitis, with special emphasis on antimicrobial therapy 
and source control.

Methods: Post hoc analysis of a multicenter observational study (Abdominal Sepsis Study, AbSeS) including 2621 
adult ICU patients with intra‐abdominal infection in 306 ICUs from 42 countries. Time-till-source control intervention 
was calculated as from time of diagnosis and classified into ‘emergency’ (< 2 h), ‘urgent’ (2–6 h), and ‘delayed’ (> 6 h). 
Relationships were assessed by logistic regression analysis and reported as odds ratios (OR) and 95% confidence 
interval (CI).

Results: The cohort included 1077 cases of microbiologically confirmed secondary peritonitis. Mortality was 29.7%. 
The rate of appropriate empiric therapy showed no difference between survivors and non-survivors (66.4% vs. 61.3%, 
p = 0.1). A stepwise increase in mortality was observed with increasing Sequential Organ Failure Assessment (SOFA) 
scores (19.6% for a value ≤ 4–55.4% for a value > 12, p < 0.001). The highest odds of death were associated with septic 
shock (OR 3.08 [1.42–7.00]), late-onset hospital-acquired peritonitis (OR 1.71 [1.16–2.52]) and failed source control 
evidenced by persistent inflammation at day 7 (OR 5.71 [3.99–8.18]). Compared with ‘emergency’ source control 

*Correspondence:  stijn.blot@UGent.be 
5 Department of Internal Medicine and Pediatrics, Ghent University, 
Campus UZ Gent, Corneel Heymanslaan 10, 9000 Ghent, Belgium
Full author information is available at the end of the article

The AbSeS collaborators are mentioned in the acknowledgment section.

International Journal of Antimicrobial Agents 60 (2022) 106591 
Contents lists available at ScienceDirect 

International Journal of Antimicrobial Agents 
journal homepage: www.elsevier.com/locate/ijantimicag 

Epidemiology and age-related mortality in critically ill patients with 
intra-abdominal infection or sepsis: an international cohort study 
Kostoula Arvaniti a , † , George Dimopoulos b , † , Massimo Antonelli c , d , Koen Blot e , 
Ben Creagh-Brown f , g , Mieke Deschepper h , Dylan de Lange i , Jan De Waele j , Yalim Dikmen k , 
Christian Eckmann l , Sharon Einav m , n , Guy Francois o , Hans Fjeldsoee-Nielsen p , 
Massimo Girardis q , Bojan Jovanovic r , Matthias Lindner s , Despoina Koulenti t , u , 
Sonia Labeau v , w , Jeffrey Lipman x , y , Fernando Lipovestky z , 
Luis Daniel Umezawa Makikado aa , Emilio Maseda bb , Adam Mikstacki cc , dd , 
Philippe Montravers ee , ff, José Artur Paiva gg , Cecilia Pereyra hh , Jordi Rello ii , 
Jean-Francois Timsit jj , kk , Dana Tomescu ll , mm , Dirk Vogelaers nn , oo , Stijn Blot oo , ∗, The 
Abdominal Sepsis Study (AbSeS) Group on behalf of the Trials Group of the European 
Society of Intensive Care Medicine ‡ 
a Intensive Care Unit, Papageorgiou University Affiliated Hospital, Thessaloníki, Greece 
b Critical Care Department, University Hospital Attikon, National and Kapodistrian University of Athens, Athens, Greece 
c Department of Anaesthesiology, Intensive Care and Emergency Medicine, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy 
d Università Cattolica del Sacro Cuore, Rome, Italy 
e Department of Internal Medicine and Paediatrics, Ghent University, Ghent, Belgium 
f Surrey Perioperative Anaesthetic Critical Care Collaborative Research Group, Royal Surrey County Hospital, Guildford, UK 
g Department of Clinical and Experimental Medicine, University of Surrey, Guildford, UK 
h Strategic Policy Cell, Ghent University Hospital, Ghent, Belgium 
i Department of Intensive Care Medicine, University Medical Centre Utrecht, University Utrecht, Utrecht, The Netherlands 
j Department of Critical Care Medicine, Ghent University Hospital, Ghent, Belgium 
k Department of Anaesthesiology and Reanimation, Cerrahpasa School of Medicine, Istanbul University-Cerrahpasa, Istanbul, Turkey 
l Department of General, Visceral and Thoracic Surgery, Klinikum Hannoversch-Muenden, Goettingen University, Germany 
m General Intensive Care Unit, Shaare Zedek Medical Centre, Jerusalem, Israel 
n Faculty of Medicine, Hebrew University, Jerusalem, Israel 
o Division of Scientific Affairs-Research, European Society of Intensive Care Medicine, Brussels, Belgium 
p Department of Anaesthesiology and Intensive Care, Nykoebing Falster Hospital, Nykoebing Falster, Denmark 
q Anaesthesia and Intensive Care Department, University Hospital of Modena, Modena, Italy 
r Centre for Anaesthesia and Resuscitation, Clinical Centre of Serbia, Faculty of Medicine, University of Belgrade, Belgrade, Serbia 
s Department of Anaesthesiology and Intensive Care Medicine, University Medical Centre Schleswig-Holstein, Campus Kiel, Kiel, Germany 
t Burns, Trauma and Critical Care Research Centre, Centre for Clinical Research, Faculty of Medicine, The University of Queensland, Brisbane, Australia 
u 2nd Critical Care Department, Attikon University Hospital, Athens, Greece 
v Department of Internal Medicine and Paediatrics, Ghent University, Ghent, Belgium 
w Department of Nursing, Faculty of Education, Health and Social Work, University College Ghent, Ghent, Belgium 
x Jamieson Trauma Institute and The University of Queensland, Brisbane, Australia 
y Nimes University Hospital, University of Montpellier, Nimes, France 
z Critical Care Department, Hospital of the Interamerican Open University, Buenos Aires, Argentina 
aa Unidad de Cuidados Intensivos, Clínica Ricardo Palma, Lima, Perú
bb Surgical Critical Care, Department of Anaesthesia, Hospital Universitario La Paz-IdiPaz, Madrid, Spain 
cc Faculty of Health Sciences, Poznan University of Medical Sciences, Poznan, Poland 
dd Department of Anaesthesiology and Intensive Therapy, Regional Hospital in Poznan, Poznan, Poland 
ee Université de Paris, NSERM UMR 1152 – ANR10-LABX-17, Paris, France 
ff AP-HP, Hôpital Bichat, Department of Anaesthesiology and Critical Care Medicine, Paris, France 
gg Intensive Care Department, Faculty of Medicine, Centro Hospitalar Universitario S. Joao, Faculty of Medicine, University of Porto, Grupo Infecçao e Sepsis, 
Porto, Portugal 
hh Intensive Care Unit from Hospital Interzonal General de Agudos “Prof Dr Luis Guemes”, Buenos Aires, Argentina 
ii Ciberes and Vall d’Hebron Institute of Research, Barcelona, Spain 

∗ Corresponding author. Department of Internal Medicine and Paediatrics, Ghent University, Campus UZ Gent, Corneel Heymanslaan 10, 90 0 0 Ghent, Belgium. 
E-mail address: stijn.blot@UGent.be (S. Blot) . 

† KA and GD contributed equally to the manuscript. 
‡ The members of the AbSeS Group on behalf of the Trials Group of the European Society of Intensive Care Medicine have been given in the Acknowledgements section. 

https://doi.org/10.1016/j.ijantimicag.2022.106591 
0924-8579/© 2022 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 



Blot Intens Care Med 2019

Epidémio - étude AbSeS 
Epidémio prospective mondiale
Multicentrique 309 réanimations
2621 patients admis pour ou se compliquant d’IIA

1708

or carbapenem resistance, this covariate became signifi-
cantly associated with mortality (Supplement-9).

Discussion
!is multicenter observational study provided epidemio-
logical insights in critically ill patients with intra-abdom-
inal infection. !e multicentre input of sequential cases 
of intra-abdominal infection offers a global view of the 
case mix of different presentations of intra-abdominal 

infection requiring ICU admission or occurring within 
the framework of an ICU stay. In spite of clinical het-
erogeneity, the core characteristics of intra-abdominal 
infection are quite generic including anatomical dis-
ruption and polymicrobial infection. Because of the 
broad variety in intra-abdominal infections, data were 
described according to a new classification based on 
setting of acquisition, presence of anatomical disrup-
tion, and severity of disease. Irrespective of type of 

Table 2 Proportion of types of intra-abdominal infection and distribution according to origin of infection acquisition

PD-related peritoneal dialysis-related

*% Within column; **% within row

Type of abdominal sepsis Total n (%)* Community-acquired 
n (%)**

Early onset hospital-
acquired n (%)**

Late-onset 
hospital-acquired 
n (%)**

Primary peritonitis 103 (3.9) 33 (32) 28 (27.2) 42 (40.8)

Secondary and tertiary peritonitis 1794 (68.4) 588 (32.8) 431 (24) 775 (43.2)

PD-related peritonitis 9 (0.3) 0 2 (20) 7 (70)

Intra-abdominal abscess 180 (6.9) 36 (20) 49 (27.2) 95 (52.8)

Biliary tract infection 319 (12.2) 117 (36.7) 95 (29.8) 107 (33.5)

Pancreatic infection 165 (6.3) 45 (27.3) 33 (20) 87 (52.7)

Typhlitis 9 (0.3) 0 3 (33.3) 6 (66.6)

Toxic megacolon 42 (1.6) 9 (21.4) 15 (35.7) 18 (42.9)

Total cohort
n=2621

Peri-operative
cultures

1316 (50.2)*

Trans-abdominal
needle aspiration

308 (11.8)*

Blood
cultures

1198 (45.7)*

Abdominal
drains

344 (13.2)*

No cultures sampled
639 (24.4%)

Cultures positive
1079 (82.0)

Cultures positive
250 (81.2)

Cultures positive
586 (48.9)

Cultures positive
281 (81.7)

1594 patients culture positive / 1982 patients sampled (80.4)

*% from total cohort (n=2621)

Fig. 1 Types of microbiological cultures sampled and culture-positive rate in patients with intra-abdominal infection

IIA ”secondaires” (puis tertiaires) >> biliaires > abcès ou complications infectieuses de PA

associées aux soins (précoces + tardives) > communautaires
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Table 1 Patient characteristics of intensive-care unit patients with intra-abdominal infection/sepsis according to setting 
of infection acquisition

Data are reported as n (%) or median (1st–3rd quartile)

SAPS simpli!ed acute physiology score, SOFA sequential organ failure assessment

*p value indicates di"erences between patients with community-acquired infection, healthcare-associated infection or early onset hospital-acquired infection, and 
late-onset hospital-acquired infection

**Data missing from 29 patients

***More details regarding underlying conditions are reported in Supplement–4

Characteristic Total cohort (n = 2621) Community-acquired (n = 828) Early onset hospital-
acquired (n = 656)

Late-onset hospital-
acquired (n = 1137)

p*

Demographics
Age, years 66 (54–75) 67 (52–77) 66 (54–77) 66 (55–74) 0.213

Sex, male 1488/2615 (56.9) 452 (54.6) 364 (55.5) 672 (59.1) 0.133

Type of ICU admission 2592** 799** 656 1137

 Medical 472 (18.2) 109 (13.7) 131 (20.0) 232 (20.4) <0.001

 Surgical, non-emergency 233 (9.0) 19 (2.4) 39 (5.9) 175 (15.4) < 0.001

 Surgical, emergency 1847 (71.3) 660 (82.6) 478 (72.9) 709 (62.4) < 0.001

 Trauma 40 (1.5) 11 (1.4) 8 (1.2) 21 (1.8) 0.496

ICU stay, days 9 (4-18) 9 (4–18) 9 (4–17) 10 (5–19) 0.183

Underlying conditions***
Chronic pulmonary disease 342 (13.0) 96 (11.6) 90 (13.7) 156 (13.7) 0.324

AIDS 14 (0.5) 6 (0.7) 3 (0.5) 5 (0.4) 0.661

Malignancy 699 (26.7) 116 (14.0) 170 (25.9) 413 (36.3) < 0.001

Neurologic disease 165 (6.3) 42 (5.1) 60 (9.1) 75 (6.6) 0.008

Peptic ulcer disease 176 (6.7) 57 (6.9) 52 (7.9) 67 (5.9) 0.246

Liver disease 127 (4.8) 24 (1.5) 44 (6.7) 59 (5.2) 0.002

Chronic renal failure 282 (10.8) 57 (6.9) 100 (15.2) 125 (11.0) < 0.001

Myocardial infarction 188 (7.2) 48 (5.8) 57 (8.7) 83 (7.3) 0.098

Chronic heart failure (NY Heart 
Association class IV)

184 (7.0) 36 (4.3) 64 (9.8) 84 (7.4) < 0.001

Peripheral vascular disease 169 (6.4) 34 (4.1) 48 (7.3) 87 (7.7) 0.004

Diabetes mellitus 488 (18.6) 116 (14.0) 141 (21.5) 231 (20.3) < 0.001

Immunosuppression 253 (9.7) 47 (5.7) 83 (12.7) 123 (10.8) < 0.001

Lifestyle risk factors 1363 (52.0) 413 (49.9) 355 (54.1) 595 (52.3) 0.257

Malnutrition (body mass index < 20) 177 (6.8) 46 (5.6) 53 (8.1) 78 (6.9) 0.154

Obesity (body mass index ≥ 30) 735 (28.0) 236 (28.5) 197 (30.0) 302 (26.6) 0.271

Tobacco use (> 20 pack years) 446 (17.0) 127 (7.1) 106 (16.2) 213 (18.7) 0.113

Alcohol abuse (> 10 g alcohol/day) 196 (7.5) 59 (7.1) 49 (7.5) 88 (7.7) 0.261

IV drug abuse 17 (0.6) 8 (1.0) 3 (0.5) 6 (0.5) –

Severity of acute illness
SAPS II score at time of ICU admis-

sion
49 (39–60) 48 (38–59) 49 (39–61) 49 (38–60) 0.183

SOFA score at diagnosis 6 (3–10) 5 (3–9) 7 (3–10) 6 (3–10) < 0.001

Severity of disease expression
Infection without sepsis 164 (6.3) 51 (6.2) 42 (6.4) 71 (6.2) 0.981

Sepsis 1590 (60.7) 528 (63.8) 399 (60.8) 663 (58.3) 0.050

Septic shock 867 (33.1) 249 (30.1) 215 (32.8) 403 (35.4) 0.043

Anatomical disruption
Not present 615 (23.5) 186 (22.5) 166 (25.3) 263 (23.1) 0.413

Yes, with localized peritonitis 981 (37.4) 342 (41.3) 256 (39.0) 383 (33.7) 0.002

Yes, with diffuse peritonitis 1025 (39.1) 300 (36.2) 234 (35.7) 491 (43.2) 0.001
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 Medical 472 (18.2) 109 (13.7) 131 (20.0) 232 (20.4) <0.001

 Surgical, non-emergency 233 (9.0) 19 (2.4) 39 (5.9) 175 (15.4) < 0.001

 Surgical, emergency 1847 (71.3) 660 (82.6) 478 (72.9) 709 (62.4) < 0.001

 Trauma 40 (1.5) 11 (1.4) 8 (1.2) 21 (1.8) 0.496

ICU stay, days 9 (4-18) 9 (4–18) 9 (4–17) 10 (5–19) 0.183

Underlying conditions***
Chronic pulmonary disease 342 (13.0) 96 (11.6) 90 (13.7) 156 (13.7) 0.324

AIDS 14 (0.5) 6 (0.7) 3 (0.5) 5 (0.4) 0.661

Malignancy 699 (26.7) 116 (14.0) 170 (25.9) 413 (36.3) < 0.001

Neurologic disease 165 (6.3) 42 (5.1) 60 (9.1) 75 (6.6) 0.008

Peptic ulcer disease 176 (6.7) 57 (6.9) 52 (7.9) 67 (5.9) 0.246

Liver disease 127 (4.8) 24 (1.5) 44 (6.7) 59 (5.2) 0.002

Chronic renal failure 282 (10.8) 57 (6.9) 100 (15.2) 125 (11.0) < 0.001

Myocardial infarction 188 (7.2) 48 (5.8) 57 (8.7) 83 (7.3) 0.098

Chronic heart failure (NY Heart 
Association class IV)

184 (7.0) 36 (4.3) 64 (9.8) 84 (7.4) < 0.001

Peripheral vascular disease 169 (6.4) 34 (4.1) 48 (7.3) 87 (7.7) 0.004

Diabetes mellitus 488 (18.6) 116 (14.0) 141 (21.5) 231 (20.3) < 0.001

Immunosuppression 253 (9.7) 47 (5.7) 83 (12.7) 123 (10.8) < 0.001

Lifestyle risk factors 1363 (52.0) 413 (49.9) 355 (54.1) 595 (52.3) 0.257

Malnutrition (body mass index < 20) 177 (6.8) 46 (5.6) 53 (8.1) 78 (6.9) 0.154

Obesity (body mass index ≥ 30) 735 (28.0) 236 (28.5) 197 (30.0) 302 (26.6) 0.271

Tobacco use (> 20 pack years) 446 (17.0) 127 (7.1) 106 (16.2) 213 (18.7) 0.113

Alcohol abuse (> 10 g alcohol/day) 196 (7.5) 59 (7.1) 49 (7.5) 88 (7.7) 0.261

IV drug abuse 17 (0.6) 8 (1.0) 3 (0.5) 6 (0.5) –

Severity of acute illness
SAPS II score at time of ICU admis-

sion
49 (39–60) 48 (38–59) 49 (39–61) 49 (38–60) 0.183

SOFA score at diagnosis 6 (3–10) 5 (3–9) 7 (3–10) 6 (3–10) < 0.001

Severity of disease expression
Infection without sepsis 164 (6.3) 51 (6.2) 42 (6.4) 71 (6.2) 0.981

Sepsis 1590 (60.7) 528 (63.8) 399 (60.8) 663 (58.3) 0.050

Septic shock 867 (33.1) 249 (30.1) 215 (32.8) 403 (35.4) 0.043

Anatomical disruption
Not present 615 (23.5) 186 (22.5) 166 (25.3) 263 (23.1) 0.413

Yes, with localized peritonitis 981 (37.4) 342 (41.3) 256 (39.0) 383 (33.7) 0.002

Yes, with diffuse peritonitis 1025 (39.1) 300 (36.2) 234 (35.7) 491 (43.2) 0.001

93% graves (sepsis ou choc sepCque) et associées aux soins (un peu) plus graves

 76% avec effracCon et pérConite / plus d’effracCons et de péritonites diffuses lorsqu’associées aux soins

Epidémio prospective mondiale
Multicentrique 309 réanimations
2621 patients admis pour ou se compliquant d’IIA
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Tous les organes creux et/ou pleins dans la cavité abdominale   
et au voisinage (pancréas, utérus, vessie, rein) 
peuvent être la cause de l’infection  
 à la suite d’une inflammation voire d’une perforation 

Les causes les plus fréquentes sont 
Infections communautaires 
-Appendicite, cholécystites, sigmoïdites 
-Perforation d’ulcère gastroduodénal 
-Perforation cancéreuse (colon, rectum…) 
-Perforation non cancéreuse (diverticulite sigmoïdienne…) 
-Perforation appendiculaire 
-Perforation des voies biliaires (cholécystite) 
-Perforation de l’intestin grêle (maladies inflammatoires…) 
 
Infections associées aux soins 
-Péritonites post-opératoires  
(lâchage de suture, abcès, ischémie…) 

Inoculum et écologie selon l’anatomie
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streptocoques
levures

E. Coli
lactobacilles
streptocoques

Bactéroïdes
E. Coli
entérobactéries
streptocoques
entérocoques



Inoculum et écologie selon facteurs modificateurs de flore

↗ incoculum
pullulation bactérienne

streptocoques
levures

Bactéroïdes
E. Coli

entérobactéries
streptocoques
entérocoques

Anti-acides/IPP
Hémorragie digestive

Stase
Iléus

Occlusion
Chirurgie

Modifications Flore “colique”

1014 bactéries/g matières
(anaerobies=1000 x aerobies)



1. Anaerobies de culture (très) difficile MAIS TOUJOURS présents

⟶ anaerobies obligatoirement dans le spectre ATB probabiliste même si plvts négatifs

2. Ecologie (hors anaerobie) ± selon site MAIS déviation fréquente vers flore sous-mésocolique

⟶ entérobactéries obligatoirement dans le spectre ATB probabiliste

3. Inoculum énorme ne sera pas “décapité” par 1è dose d’ATB

⟶ ATB urgente pré-op avant prélèvements intra-abdo

4. Inoculum énorme d’éradication microbiologique par ATB seuls IMPOSSIBLE

⟶ éradication du foyer impérative

Messages préalables
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Eradica#on du foyer



Montravers d’après Wittmann 1991 in Intra-abdominal Infections

Eradica#on du foyer (“source control”) = chirurgie (ou drainage)

= 
éradication du foyer

“source control”

La plus grande part du pronostic = éradication du foyer 



d’après Montravers Intens Care Med 2016

Eradication

Etapes But(s) Moyen(s)

Evaluation pré-op Gravité Critères réa

Réanimation pré-op Limitation du sepsis ATB probabiliste

Stabilisation pour chirurgie Hémodynamique

Eradication du foyer

1 Prévention ISO Champs, ATB probabiliste

Diagnostic microbiologique Plvts péritonéaux per-op

DiminuHon de l’inoculum Lavage péritonéal

Identification foyer Identification cause chirurgicale

2 Eradication du foyer Fermeture perforation

Résections/anastomose(s)

Stomie(s)

Re-lavage péritonéal

3 Fermeture paroi en 1 temps ou différée

4 Inoculum résiduel ATB probabiliste puis adaptée

Réanimation post-op amélioration pronostic pricipes de la SSC

Nombreuses étapes de l’éradication du foyer; toutes critiques



Eradication // antibiothérapie

Foyers
ODDS RATIOS de sur-mortalité

referenceEradication foyer
(réalisation et/ou délai)

Antibiothérapie
(adéquation et/ou délai)

Eradicables (85% IIA) 2,37 NS Bloos Crit Care 2014

Angiocholites 3,4 1,12 Karvellas Alim Pharm Ther
2016

IIA bactériémiques 7,46 NS Tellor Surg Infect 2015 

La plus grande partdu pronostic, voire LE pronostic = éradication du foyer 



Azuhata Crit Care 2014

Délai d’éradication du foyer
156 péritonites 
par perforation
en choc septique
dans le cadre d’un protocole d’EGDT

pronostic = délai rapide (OR = 0.29; 95% CI, 0.16-0.47; P <0.0001)

☠

☠
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Succès de l’éradication du foyer
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among patients receiving vasopressors within the first 
12 h (adjusted OR = 1.013 [1.001, 1.026], p = 0.04), but 
not among patients without shock (adjusted OR = 1.009 
[0.984, 1.035], p = 0.481, test of difference between 
odds-ratios: p = 0.778). All subgroup analyses are pre-
sented in Fig. 3a, b.

Sensitivity analyses
When covariates on the severity of acute illness dur-
ing the first 24  h after onset of sepsis were included, 
the effect of time to antimicrobial therapy remained 
largely unchanged compared to the primary analysis 
(Additional File 2: STable  8). Contrary to the primary 

analysis, time to source control showed a significant 
effect on 28-day mortality, when these additional covar-
iates were included (OR = 1.02 [1.01, 1.04]; p = 0.001).

Discussion
#e key finding of our study is that a delay in time to 
treatment of infection is associated with an increase in 
28-day mortality in patients with sepsis or septic shock. 
A delay in time to antibiotics increased the risk of death 
both among patients with and without septic shock and 
elevated the risk for progression from sepsis to sep-
tic shock. #e relationship of timing of surgical source 
control and patient outcome was less consistent. When 

Fig. 2 Effects of antimicrobial therapy and of surgical source control on 28-day mortality. Effects were tested in a logistic hierarchical linear model 
with a random intercept adjusting for covariates. Risk-adjusted mortality estimates were obtained as predictive margins that were calculated for 
the average of continuous variables and for the most common category of categorical variables. No. of patients gives the number of cases with 
complete data compared to the total number of patients suitable for the respective analysis. * marks the p-value of the overall test of significance 
for the categorical variables on timing conducted by a likelihood-ratio test, while the other p-values give the results of tests of single categories 
against the reference category. Models adjusted for the following covariates: age and gender, origin of infection, location of the patient at the 
onset of sepsis, focus of infection, microbiological confirmation of infection, study phase (trial vs. surveillance phase), and group the hospital was 
randomized to (intervention vs. control)

(See figure on next page.)
Fig. 3 Test of effect moderation of timing of treatment in prespecified subgroups for time from onset of sepsis to start of antimicrobial therapy 
(panel a) and conduction of surgical source control (panel b) on 28-day mortality. OR: odds ratio per hour delay of treatment. Only cases with 
times between 0 and 48 h were considered. Effect moderation was tested by introducing individual interaction terms between respective effect 
moderator and the effect of timing of antimicrobial therapy or timing of surgical source control, respectively, in the logistic regression models. 
Regression models were calculated by logistic hierarchical linear models with a random intercept. No. of patients gives the number of cases with 
complete data compared to the total number of patients within the respective subgroup. Models adjusted for the following covariates: age and 
gender, origin of infection, location of the patient at the onset of sepsis, focus of infection, microbiological confirmation of infection, study phase 
(trial vs. surveillance phase), and group the hospital was randomized to (intervention vs. control). ICU: intensive care unit; IMC: intermediate care unit

Analyse post-hoc RCT multicentrique sepsis en réa Allemagne
délais ttt : 
4792 patients sepsis ATB dont 1595 patients avec eradication foyer chir

succès de l’éradication plus que le délai
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Succès de l’éradication du foyer - étude AbSeS
 D. Vogelaers et al.

8  New Insights, Guidelines for Empiric 
Choices, and Recommendations

• In the face of rising antimicrobial resistance in key patho-
gens involved in IAI, we recommend reaching consensus 
through a collaborative effort of major scientific socie-
ties involved in surgery, intensive care and antimicro-
bial stewardship of these infections on the thresholds of 
resistance to redesign empiric therapy. In our opinion, 
within the context of IAI, different thresholds can be 
defined, depending on the severity of disease expression, 
the challenge to achieve source control, and baseline rates 
of MDR in the index region. The same recommendation 
holds for a critical reassessment and stricter guidelines 
on the indications for microbiologic sampling, choices in 
directed therapy upon microbiological documentation, 
pharmacokinetic/pharmacodynamic optimization, and 
duration of antimicrobial therapy.

• These recommendations probably need to be differenti-
ated according to the previously proposed matrix grid, 
including severity of disease presentation (the range 
from mild to severe disease with septic shock), degree 
of source control and late-onset of disease. In the latter, 
combined, in particular, with failure of source control, 
involvement of resistant pathogens, enterococci (includ-
ing vancomycin-resistant E. faecium) and Candida spe-
cies becomes more important. In this minority of cases 
combining late-onset hospital-acquired infection, diffuse 
peritonitis and septic shock, a restricted and specific set-
ting, knowledge of local ecology and, moreover, of indi-
vidual colonization status and information from relevant 
isolates from deep sampling becomes even more crucial 
to guide antimicrobial therapy. In the near future, the use 
of rapid diagnostic tests will reshape the decision-making 
process by a more timely selection of targeted antibiotic 
therapy.

• Once this consensus is established (and to a large extent 
re-established as a number of principles have been pre-
viously corroborated), it will be key to translate these 
recommendations to the working field, in order to guar-
antee maximal penetration of antimicrobial stewardship. 
This will involve bottom-up participation and motivation 
of physicians and care settings towards adherence, and 
represents a greater challenge than the often-repeated 
publication of guidelines.

• Care bundles with checklist approaches, carried and man-
dated by individual institutions, may represent a future 
pathway towards achieving preset reasonable and achiev-
able goals. As for any guideline, it will be an illusion to 
achieve full adherence, as guidelines will never be able 
to capture the full complexity of individual cases.

9  Conclusion

In distinct European regions, antimicrobial resistance is 
common in isolates from critically ill patients with IAI. In 
particular, resistance against aminopenicillins, fluoroqui-
nolones, and third-generation cephalosporins in E. coli, K. 
pneumoniae and P. aeruginosa is problematic, as is carbap-
enem-resistance in the latter pathogen. Although resistance 
is an issue in every European region, substantial differences 
exist, stressing the need for steering antimicrobial therapy 
on the basis of local resistance patterns, in both the com-
munity and the hospital. In a subcohort of patients with 
secondary peritonitis and sepsis or septic shock, the rate of 
empiric appropriate antimicrobial therapy was 64.8%. The 
appropriateness of antimicrobial therapy did not impact on 
mortality. On the other hand, source control appeared to be 
a much more important player in this setting, albeit that this 
concept remains difficult to objectivate. The current and 
worrisome resistance figures and the relative importance 

Table 8  Mortality according to source control achievement at day 7 in distinct phenotypes of patients with secondary peritonitis

a Either the necessity for re-intervention within 1 week following initial surgery or the presence of persistent inflammation at day 7 postoperative
b p > 0.05; all other comparisons between success and failure of source control achieve statistical significance (p < 0.05)

Community-acquired infection Early-onset hospital-acquired Late-onset hospital-acquired
Localized 
peritonitis 
(%)

Diffuse peritonitis (%) Localized 
peritonitis 
(%)

Diffuse peritonitis (%) Localized 
peritonitis 
(%)

Diffuse peritonitis (%)

Septic shock
  Successful source control 5/28 (17.9) 10/26 (38.5)b 3/22 (13.6)b 7/22 (31.8)b 10/28 (35.7) 13/52 (25.0)
  Failure of source  controla 10/18 (55.6) 11/28 (39.3)b 4/13 (30.8)b 11/18 (61.1)b 12/16 (75.0) 32/45 (71.1)
Sepsis
  Successful source control 12/98 (12.2) 9/58 (15.5)b 3/57 (5.3) 4/38 (10.5) 10/72 (13.9) 25/94 (26.6)
  Failure of source  controla 16/44 (36.4) 14/45 (31.1)b 14/39 (35.9) 17/35 (48.6) 26/51 (51.0) 30/55 (54.5)

Echec = inflamma4on persistante j7 et/ou réinterven4on dans les 7j
Succès = absence d’échec

gradients de surmortalité signifca<fs surtout si échec d’éradica<on
selon gravité
selon péritonite diffuse
selon nosocomial et tardif
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activity as such, since MRSA was isolated in only 20 
patients. !e advantageous association might be due to 
the anti-enterococcal activity of these agents. Yet, entero-
coccal coverage as such (not necessarily covering MRSA) 
was not retained in the final regression model assess-
ing relationships with mortality. Hence, this observation 

might just be an incidental finding. On the other hand, 
the absence of an association between empiric antifungal 
therapy and outcome seems consistent with the finding 
of other cohort studies and randomized-controlled trials 
that did not demonstrate the effect of empirical Candida 
coverage and favorable outcome [25, 26].

Legend: Several types of source control interventions could have been executed in a single patient.
Fig. 2 Initial approach to control the source of infection. Several types of source control interventions could have been executed in a single patient

Table 5 Mortality according to alternative classi"cation of intra-abdominal infection

Severity 
of disease 
expression

Setting of infection acquisition

Community-acquired Early onset hospital-acquired Late-onset hospital-acquired

 Septic shock 18/64
28.1%

25/83
30.1%

48/101
47.5%

21/63
33.3%

13/61
21.3%

37/91
40.7%

45/103
43.7%

48/110
43.6%

94/190
49.5%

 Sepsis 13/116
11.2%

42/221
19%

37/174
21.3%

27/90
30%

33/170
19.4%

43/128
33.6%

26/147
17.7%

62/237
26.2%

99/275
36%

 Infection 1/7
14.3%

3/22
13.6%

4/22
18.2%

0/7
0%

0/21
0%

2/14
14.3%

1/12
8.3%

8/36
22.2%

2/23
8.7%

No Yes, with 
localized 
peritonitis

Yes, with 
diffuse 
peritonitis

No Yes, with 
localized 
peritonitis

Yes, with 
diffuse 
peritonitis

No Yes, with 
localized 
peritonitis

Yes, with 
diffuse 
peritonitis

Anatomical disruption Anatomical disruption Anatomical disruption

95% d’interventions d’éradication

Succès    54%
Echecs 

persistance inflammation j7 29%
réintervention dans les 7j 16%
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!is study has limitations. !is is an observational 
cohort study disposed to confounding. Some geographic 
regions are poorly represented obstructing conclu-
sive results. Evaluation of source control achievement 
remains a subjective appreciation performed by the 
attending physician; given the study scale, it was not 
feasible to establish an independent panel for in-depth 
evaluation of source control as previously reported [27]. 
At the same line, given the observational study design, 
there was no predefined approach to source control [7]. 
In addition, with this paper, we intended to provide a 
general epidemiological snapshot. !erefore, detailed 
country-specific or disease-specific analyses fell outside 
the scope of this report. Finally, we could not report the 
proportion of ICU patients with intra-abdominal infec-
tion/sepsis as the total number of admissions during the 
inclusion of cases was not recorded.

In conclusion, this multinational cohort of ICU patients 
with intra-abdominal infection revealed that late-onset 
healthcare-associated infection, diffuse peritonitis, and 
sepsis or septic shock are independent risk factors for 
mortality. !erefore, setting of infection acquisition, ana-
tomical disruption, and severity of disease expression are 
disease-specific phenotypic characteristics associated 
with outcome, irrespective of the type of intra-abdominal 
infection. Antimicrobial resistance is mainly an issue of 
Gram-negatives and a particular concern in specific geo-
graphic areas and associated with worse outcome as was 
failure of source control.
Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s0013 4-019-05819 -3) 
contains supplementary material, which is available to authorized users.
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The variable “antimicrobial resistance” de!ned as either MRSA, vancomycin-resistant enterococci (VRE), or di"cult-to-treat resistant Gram-negative bacteria did not 
achieve the !nal regression model. Supplement-9 reports the results of the logistic regression models with antibiotic resistance de!ned as either MRSA, VRE, ESBL-
producing, or carbapenem-resistant Gram-negative bacteria. In these logistic regression models, antibiotic resistance was associated with increased risk of mortality, 
while other covariates remained stable

OR odds ratio, CI con!dence interval, MRSA methicillin-resistant Staphylococcus aureus

*Area under the receiver-operating curve characteristic: 0.778; **Area under the receiver-operating curve characteristic: 0.689

Variable Model with source control achievement*
OR (95% CI)

Model without source 
control achievement**
OR (95% CI)

Setting of infection acquisition

 Community-acquired infection Reference Reference

 Early onset hospital-acquired infection (≤ 7 days) 1.15 (0.84–1.58) 1.18 (0.88–1.59)

 Late-onset hospital-acquired infection (> 7 days) 1.76 (1.34–2.32) 1.76 (1.36–2.30)

Anatomical disruption

 No anatomical barrier disruption Reference Reference

 Anatomical disruption with localized peritonitis 1.28 (0.95–1.75) 1.26 (0.95–1.69)
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 Septic shock 5.22 (2.91–10) 4.93 (2.80–9.30)
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 Anti-MRSA agent 0.77 (0.59–1) 0.77 (0.59–0.98)

 Double anaerobe coverage – 1.28 (0.97–1.71)

Source control achievement at day 7
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 Failure, persistent signs of inflammation 4.85 (3.79–6.22) –

 Failure, additional intervention required following initial approach 1.93 (1.41–2.65) –
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!is study has limitations. !is is an observational 
cohort study disposed to confounding. Some geographic 
regions are poorly represented obstructing conclu-
sive results. Evaluation of source control achievement 
remains a subjective appreciation performed by the 
attending physician; given the study scale, it was not 
feasible to establish an independent panel for in-depth 
evaluation of source control as previously reported [27]. 
At the same line, given the observational study design, 
there was no predefined approach to source control [7]. 
In addition, with this paper, we intended to provide a 
general epidemiological snapshot. !erefore, detailed 
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or carbapenem resistance, this covariate became signifi-
cantly associated with mortality (Supplement-9).

Discussion
!is multicenter observational study provided epidemio-
logical insights in critically ill patients with intra-abdom-
inal infection. !e multicentre input of sequential cases 
of intra-abdominal infection offers a global view of the 
case mix of different presentations of intra-abdominal 

infection requiring ICU admission or occurring within 
the framework of an ICU stay. In spite of clinical het-
erogeneity, the core characteristics of intra-abdominal 
infection are quite generic including anatomical dis-
ruption and polymicrobial infection. Because of the 
broad variety in intra-abdominal infections, data were 
described according to a new classification based on 
setting of acquisition, presence of anatomical disrup-
tion, and severity of disease. Irrespective of type of 

Table 2 Proportion of types of intra-abdominal infection and distribution according to origin of infection acquisition

PD-related peritoneal dialysis-related

*% Within column; **% within row

Type of abdominal sepsis Total n (%)* Community-acquired 
n (%)**

Early onset hospital-
acquired n (%)**

Late-onset 
hospital-acquired 
n (%)**

Primary peritonitis 103 (3.9) 33 (32) 28 (27.2) 42 (40.8)

Secondary and tertiary peritonitis 1794 (68.4) 588 (32.8) 431 (24) 775 (43.2)

PD-related peritonitis 9 (0.3) 0 2 (20) 7 (70)

Intra-abdominal abscess 180 (6.9) 36 (20) 49 (27.2) 95 (52.8)

Biliary tract infection 319 (12.2) 117 (36.7) 95 (29.8) 107 (33.5)

Pancreatic infection 165 (6.3) 45 (27.3) 33 (20) 87 (52.7)

Typhlitis 9 (0.3) 0 3 (33.3) 6 (66.6)

Toxic megacolon 42 (1.6) 9 (21.4) 15 (35.7) 18 (42.9)

Total cohort
n=2621

Peri-operative
cultures

1316 (50.2)*

Trans-abdominal
needle aspiration

308 (11.8)*

Blood
cultures

1198 (45.7)*

Abdominal
drains

344 (13.2)*

No cultures sampled
639 (24.4%)

Cultures positive
1079 (82.0)

Cultures positive
250 (81.2)

Cultures positive
586 (48.9)

Cultures positive
281 (81.7)

1594 patients culture positive / 1982 patients sampled (80.4)

*% from total cohort (n=2621)

Fig. 1 Types of microbiological cultures sampled and culture-positive rate in patients with intra-abdominal infection

80 % information microbiologique
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Non-fermentants (12%)
P. aeruginosa (6%)
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E. faecalis (13%)
E. faecium (12%)

Anaerobies (12%)
Bacteroides (5%)

Fongique  (13%)
Candida (9%)
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Table 3 Micro-organisms isolated from cultures sampled in patients with intra-abdominal infection

Micro-organism Total cohort 
(n = 1982)

Setting of infection acquisition

Community-acquired 
(n = 664)

Early onset hospital-
acquired (n = 482)

Late-onset 
hospital-acquired 
(n = 836)

Gram-negative bacteria 1161 (58.6) 385 (58) 287 (59.5) 498 (58.5)

 Enterobacterales 1024 (51.7) 344 (51.8) 247 (51.2) 433 (51.8)

  Citrobacter sp. 21 (1.1) 6 (0.9) 8 (1.7) 7 (0.8)

  Citrobacter freundii 18 (0.9) 6 (0.9) 3 (0.6) 9 (0.9)

  Escherichia coli 729 (36.8) 252 (38) 172 (35.7) 304 (36.4)

  Enterobacter aerogenes 37 (1.9) 15 (2.3) 6 (1.2) 16 (1.9)

  Enterobacter cloacae 80 (4) 31 (4.7) 16 (3.3) 34 (4.1)

  Hafnia alvei 8 (0.4) 3 (0.5) 2 (0.4) 3 (0.4)

  Morganella morganii 25 (1.3) 10 (1.5) 5 (1) 10 (1.2)

  Klebsiella sp. 51 (2.6) 22 (3.3) 12 (2.5) 17 (2)

  Klebsiella oxytoca* 44 (2.2) 23 (3.5) 11 (2.3) 10 (1.2)

  Klebsiella pneumoniae 170 (8.6) 57 (8.6) 37 (7.7) 76 (9.1)

  Proteus sp. 23 (1.2) 9 (1.4) 7 (1.5) 7 (0.8)

  Proteus mirabilis 63 (3.2) 28 (4.2) 15 (3.1) 20 (2.4)

  Providencia sp. 3 (0.2) 0 1 (0.2) 2 (0.2)

  Salmonella enterica 4 (0.2) 2 (0.3) 2 (0.4) 0

  Serratia marcescens 12 (0.6) 2 (0.3) 4 (0.8) 6 (0.7)

  Enterobacterales, other 24 (1.2) 7 (1.1) 5 (1) 12 (1.4)

 Non-fermenting bacteria 233 (11.8) 72 (10.8) 66 (13.7) 95 (11.4)

  Pseudomonas aeruginosa 131 (6.6) 41 (6.2) 34 (7.1) 56 (6.7)

  Pseudomonas sp. (other or NI) 15 (0.8) 3 (0.5) 4 (0.8) 8 (1)

  Stenotrophomonas maltophilia 11 (0.6) 5 (0.8) 2 (0.4) 4 (0.5)

  Acinetobacter baumannii 61 (6.2) 18 (2.7) 22 (4.6) 21 (2.5)

  Acinetobacter sp. (other or NI) 32 (1.6) 8 (1.2) 12 (2.5) 12 (1.4)

 Other Gram-negative bacteria

 Haemophilus influenzae 4 (0.2) 2 (0.3) 0 2 (0.2)

Gram-positive bacteria 781 (39.4) 274 (41.3) 187 (38.8) 320 (38.3)

 Staphylococci 195 (9.8) 69 (10.4) 44 (9.1) 82 (9.8)

  Staphylococcus aureus 64 (3.2) 23 (3.5) 19 (3.9) 22 (2.6)

  Coagulase-negative staphylococci 100 (5) 37 (5.6) 23 (4.8) 40 (4.8)

  Staphylococcus sp. (other or NI) 37 (1.9) 11 (1.7) 5 (1) 21 (2.5)

 Enterococci 513 (25.9) 173 (26.1) 121 (25.1) 219 (26.2)

  Enterococcus faecalis 257 (13) 83 (12.5) 59 (12.2) 115 (13.8)

  Enterococcus faecium 216 (10.9) 70 (10.5) 46 (9.5) 100 (12)

  Enterococcus sp. (other or NI) 77 (3.9) 33 (5) 18 (3.7) 26 (3.1)

 Other Gram-positive bacteria

  Streptococcus Group A, B, C, G 117 (5.9) 44 (6.6) 27 (5.6) 46 (5.5)

  Streptococcus pneumoniae 9 (0.5) 4 (0.6) 2 (0.4) 3 (0.4)

  Streptococcus viridans 33 (1.7) 13 (2) 7 (1.5) 13 (1.6)

  Corynebacterium 8 (0.4) 1 (0.2) 3 (0.6) 4 (0.5)

Anaerobe bacteria 231 (11.7) 83 (12.5) 45 (9.3) 103 (12.3)

 Clostridium perfringens 21 (1.1) 7 (1.1) 3 (0.6) 11 (1.3)

 Peptostreptococcus sp. 4 (0.2) 1 (0.2) 2 (0.4) 1 (0.1)

 Actinomyces sp. 2 (0.1) 1 (0.2) 0 1 (0.1)

 Gram-positive anaerobe sp. (other or NI) 53 (2.7) 17 (2.6) 12 (2.5) 24 (2.9)

 Clostridium difficile 8 (0.4) 3 (0.5) 1 (0.2) 4 (0.5)

 Bacteroides sp.* 103 (5.2) 46 (6.9) 17 (3.5) 40 (4.8)
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  Corynebacterium 8 (0.4) 1 (0.2) 3 (0.6) 4 (0.5)

Anaerobe bacteria 231 (11.7) 83 (12.5) 45 (9.3) 103 (12.3)

 Clostridium perfringens 21 (1.1) 7 (1.1) 3 (0.6) 11 (1.3)

 Peptostreptococcus sp. 4 (0.2) 1 (0.2) 2 (0.4) 1 (0.1)

 Actinomyces sp. 2 (0.1) 1 (0.2) 0 1 (0.1)

 Gram-positive anaerobe sp. (other or NI) 53 (2.7) 17 (2.6) 12 (2.5) 24 (2.9)

 Clostridium difficile 8 (0.4) 3 (0.5) 1 (0.2) 4 (0.5)

 Bacteroides sp.* 103 (5.2) 46 (6.9) 17 (3.5) 40 (4.8)
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Table 3 Micro-organisms isolated from cultures sampled in patients with intra-abdominal infection

Micro-organism Total cohort 
(n = 1982)

Setting of infection acquisition

Community-acquired 
(n = 664)

Early onset hospital-
acquired (n = 482)

Late-onset 
hospital-acquired 
(n = 836)
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 Enterococci 513 (25.9) 173 (26.1) 121 (25.1) 219 (26.2)
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intra-abdominal infection, mortality was higher in late-
onset hospital-acquired cases with diffuse peritonitis and 
septic shock. "is classification allows comparison across 
a spectrum of intra-abdominal infections and might be 
used for including patients in future clinical trials.

"ere were no differences in the prevalence of antimi-
crobial resistance in microbiological cultures sampled 
in community-acquired vs. early onset vs. late-onset 
hospital-acquired infection. "is may be explained at 
least in part by the spread of resistance clones/genes 
into the community, as is the case for ESBL-producing 
or carbapenem-resistant Enterobacterales (formerly 
known as Enterobacteriaceae). "is is certainly the case 
for risk regions such as Eastern and South-East Europe, 
the Middle-East, and Latin America, and matches with 
the results of a global point prevalence study on antimi-
crobial consumption and resistance [17]. "is confirms 
the trend that classic risk factors for antimicrobial resist-
ance involvement are losing predictive value as illustrated 
in a multicenter study reporting antimicrobial resistance 
in 39% of infections in patients without an obvious risk 
profile as evidenced by prior antibiotic exposure and/or 
hospitalisation [18]. "is observation is highly relevant as 
it might stress the need for last-line antimicrobial ther-
apy in community-acquired infection in selected regions. 
Considering local ecology together with the individual 
patient profile, and disease severity remains essential. 
However, antimicrobial resistance in key-pathogens iso-
lated in intra-abdominal infection does not seem to be 

associated with increased virulence, as it occurred at 
similar rates in infection, sepsis, and septic shock. Over-
all prevalence of enterococci was 26% and thereby sub-
stantially higher as previously reported [19–22]. "is 
trend can be attributed to the steadily emergence of ente-
rococci in acute care settings or to the particular compo-
sition of a cohort of exclusively critically ill patients [23].

No differences in empiric antibacterial regimens were 
observed according to setting of infection acquisition. 
Anti-pseudomonal coverage was provided up-front in 
not only late-onset cases, a supposed classic risk factor 
for antimicrobial resistant infection, including P. aer-
uginosa strains, but also in community-acquired or early 
onset hospital-acquired infections. "is is probably trig-
gered by a safety-reflex in physicians, not to miss any 
potential pathogen, especially P. aeruginosa strains. "us, 
the risk factor-based antibiotic strategy that appears in 
all guidelines seems not to be implemented in a large 
real-life sample of intra-abdominal infection in the ICU, 
reflecting response to severity.

It is reassuring that the vast majority of intra-abdom-
inal infections in the ICU were approached by an early 
source control intervention. It has been established that 
surgery needs to be performed after hemodynamic stabi-
lization, but nevertheless should be performed as early as 
possible aiming at damage control [24]. "e importance 
of source is evidenced by the increased mortality among 
patients with persistent inflammation or need for addi-
tional surgical intervention.

Table reports n patients positive (% of total number of patients with cultures sampled)

NI not identi!ed

*p < 0.05 for di"erences between setting of infection acquisition

Table 3 (continued)

Micro-organism Total cohort 
(n = 1982)

Setting of infection acquisition

Community-acquired 
(n = 664)

Early onset hospital-
acquired (n = 482)

Late-onset 
hospital-acquired 
(n = 836)

 Porphyromonas sp. 2 (0.1) 0 2 (0.4) 0

 Prevotella sp. 5 (0.3) 3 (0.5) 0 2 (0.2)

 Fusobacterium sp. 9 (0.5) 7 (1.1) 0 2 (0.2)

 Gram-negative anaerobe sp. (other or NI) 66 (3.3) 20 (3) 13 (2.7) 33 (3.9)

Fungi 258 (13) 80 (12) 71 (14.7) 107 (12.8)

 Aspergillus sp. 3 (0.2) 0 2 (0.4) 1 (0.1)

 Candida sp. 257 (13) 81 (12.2) 69 (14.3) 107 (12.8)

  Candida albicans 173 (8.7) 56 (8.4) 50 (10.4) 67 (8)

  Candida glabrata 35 (1.8) 10 (1.5) 9 (1.9) 16 (1.9)

  Candida krusei 3 (0.2) 2 (0.3) 0 1 (0.1)

  Candida parapsilosis 9 (0.5) 4 (0.6) 1 (0.2) 4 (0.5)

  Candida tropicalis 16 (0.8) 6 (0.9) 2 (0.4) 8 (1)

  Candida sp. (other or NI) 20 (1) 2 (0.3) 7 (1.5) 11 (1.3)
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years 2015 and 2016 was recently registered within the 
EUCANDICU project [16].

Prolonged length of hospital stay and previous antibi-
otic treatment are the most widely recognized risk factors 
for ICU-acquired IAC, but also other potential predictors 
such as upper gastrointestinal tract origin of peritonitis 
and intraoperative cardiovascular failure have been sug-
gested [17].

Candida albicans was responsible for 76% of IAC 
in the EPIC II study, and its predominance was also 
reported (although reduced, 58%) in another study con-
ducted using data form the prospective, multicenter 
AmarCand cohort [18]. In a retrospective, multicenter 
study conducted from 2011 to 2013 in 13 hospitals across 
Italy, Brazil, Greece, and Spain, C. albicans was respon-
sible for 63% of 129 episodes of ICU-acquired IAC. !is 
latter study also highlighted a high prevalence of septic 
shock among patients with IAC (41%) and that concomi-
tant candidemia was observed only in 10–15% of all IAC 
episodes [3].

Of note, a clear comparison of IAC prevalence or inci-
dence data between different studies is frequently ham-
pered by two factors: (1) the inclusion among counted 
IAC episodes of only Candida peritonitis vs. the inclu-
sion also of other infections such as abdominal abscesses 
and/or biliary tract infections [3]; (2) the use of different 
definitions of IAC, with the risk either of overestimation 
by including contaminations or of underestimation by 
including only patients with a positive culture, although 
this risk seems reduced after the publication of a recent 
expert consensus [19]. In addition, the currently ongoing 
FUNDICU initiative, aimed at developing standard defi-
nitions for invasive fungal diseases in ICU patients, will 
further help to delineate a clear definition of IAC for both 
clinical and research purposes [20].

Operational de!nitions
Postoperative intra-abdominal infections are not well 
defined. !is is due to their heterogeneity in patient 
characteristics, clinical presentation, ecology and anti-
microbial treatment. Various classification approaches 
have been published in the international literature [4, 21–
23]. !e Infectious Diseases Society of America (IDSA) 
defines complicated and uncomplicated IAI. In compli-
cated IAI the infection extends beyond the hollow viscus 
of origin into the peritoneal space and is associated with 
either abscess formation or peritonitis [23]. Postopera-
tive IAI are not specifically addressed; they are summa-
rized under the term “healthcare-associated complicated 
IAI”. A frequently used clinical approach defines different 
types of peritonitis, i.e., primary, secondary (community-
acquired and postoperative), and tertiary peritonitis [4, 
21, 22]. In contrast to community-acquired IAI, noso-
comial (postoperative) IAI are: intra-abdominal postop-
erative abscess, postoperative secondary peritonitis and 
tertiary peritonitis. !e following differentiation appears 
to be useful for clinical practice (Table 1):

  • Postoperative intra-abdominal abscess is a postop-
erative collection of infected fluid within the intrab-
dominal cavity. It is usually treated by a combination 
of interventional measures (i.e. percutaneous drain-
age) and anti-infective therapy [4, 24]. Exact crite-
ria for drainage of an abscess (i.e. diameter, method, 
necessity for surgery) are not standardized. Surgi-
cal intervention in intra-abdominal abscesses is rare 
(< 10% of all cases) and usually follows ineffective 
interventional treatment [24].

  • Postoperative (post-interventional, post-traumatic) 
secondary peritonitis is a nosocomial peritonitis 
form and defined as an infectious abdominal com-

Fig. 1 The emergence of multi-drug resistant (MDR) bacteria is expressed as proportions of the respective species obtained from surgical samples 
at the time of initial surgery and first, second and third reoperation (adapted from [14]). *P < 0.05, †P < 0.01 versus initial surgery

P. aeurignosa
A. baumanii

monocentrique, n = 122

non-éradication du foyer favorise péritonites tertiaires et sélection de résistances
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!is study has limitations. !is is an observational 
cohort study disposed to confounding. Some geographic 
regions are poorly represented obstructing conclu-
sive results. Evaluation of source control achievement 
remains a subjective appreciation performed by the 
attending physician; given the study scale, it was not 
feasible to establish an independent panel for in-depth 
evaluation of source control as previously reported [27]. 
At the same line, given the observational study design, 
there was no predefined approach to source control [7]. 
In addition, with this paper, we intended to provide a 
general epidemiological snapshot. !erefore, detailed 
country-specific or disease-specific analyses fell outside 
the scope of this report. Finally, we could not report the 
proportion of ICU patients with intra-abdominal infec-
tion/sepsis as the total number of admissions during the 
inclusion of cases was not recorded.

In conclusion, this multinational cohort of ICU patients 
with intra-abdominal infection revealed that late-onset 
healthcare-associated infection, diffuse peritonitis, and 
sepsis or septic shock are independent risk factors for 
mortality. !erefore, setting of infection acquisition, ana-
tomical disruption, and severity of disease expression are 
disease-specific phenotypic characteristics associated 
with outcome, irrespective of the type of intra-abdominal 
infection. Antimicrobial resistance is mainly an issue of 
Gram-negatives and a particular concern in specific geo-
graphic areas and associated with worse outcome as was 
failure of source control.
Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s0013 4-019-05819 -3) 
contains supplementary material, which is available to authorized users.

Table 6 Independent relationships with mortality in critically ill patients with intra-abdominal infection

The variable “antimicrobial resistance” de!ned as either MRSA, vancomycin-resistant enterococci (VRE), or di"cult-to-treat resistant Gram-negative bacteria did not 
achieve the !nal regression model. Supplement-9 reports the results of the logistic regression models with antibiotic resistance de!ned as either MRSA, VRE, ESBL-
producing, or carbapenem-resistant Gram-negative bacteria. In these logistic regression models, antibiotic resistance was associated with increased risk of mortality, 
while other covariates remained stable

OR odds ratio, CI con!dence interval, MRSA methicillin-resistant Staphylococcus aureus

*Area under the receiver-operating curve characteristic: 0.778; **Area under the receiver-operating curve characteristic: 0.689

Variable Model with source control achievement*
OR (95% CI)

Model without source 
control achievement**
OR (95% CI)

Setting of infection acquisition

 Community-acquired infection Reference Reference

 Early onset hospital-acquired infection (≤ 7 days) 1.15 (0.84–1.58) 1.18 (0.88–1.59)

 Late-onset hospital-acquired infection (> 7 days) 1.76 (1.34–2.32) 1.76 (1.36–2.30)

Anatomical disruption

 No anatomical barrier disruption Reference Reference

 Anatomical disruption with localized peritonitis 1.28 (0.95–1.75) 1.26 (0.95–1.69)

 Anatomical disruption with diffuse peritonitis 1.99 (1.49–2.67) 2.04 (1.55–2.70)

Severity of disease expression

 Infection Reference Reference

 Sepsis 2.44 (1.37–4.66) 2.28 (1.31–4.28)

 Septic shock 5.22 (2.91–10) 4.93 (2.80–9.30)

Age (per year increase) 1.03 (1.02–1.04) 1.03 (1.03–1.04)

Underlying conditions

 Malnutrition (body mass index < 20) 2.07 (1.34–3.17) 2.15 (1.43–3.21)

 Diabetes mellitus 1.31 (0.99–1.73) 1.32 (1.01–1.72)

 Liver failure 2.03 (1.23–3.33) 2.50 (1.55–4.02)

 Congestive heart failure 1.86 (1.24–2.81) 1.92 (1.31–2.81)

Empiric antimicrobial coverage

 Anti-MRSA agent 0.77 (0.59–1) 0.77 (0.59–0.98)

 Double anaerobe coverage – 1.28 (0.97–1.71)

Source control achievement at day 7

 Success Reference –

 Failure, persistent signs of inflammation 4.85 (3.79–6.22) –

 Failure, additional intervention required following initial approach 1.93 (1.41–2.65) –
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 Septic shock 5.22 (2.91–10) 4.93 (2.80–9.30)

Age (per year increase) 1.03 (1.02–1.04) 1.03 (1.03–1.04)

Underlying conditions

 Malnutrition (body mass index < 20) 2.07 (1.34–3.17) 2.15 (1.43–3.21)

 Diabetes mellitus 1.31 (0.99–1.73) 1.32 (1.01–1.72)
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Empiric antimicrobial coverage

 Anti-MRSA agent 0.77 (0.59–1) 0.77 (0.59–0.98)
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Source control achievement at day 7

 Success Reference –

 Failure, persistent signs of inflammation 4.85 (3.79–6.22) –

 Failure, additional intervention required following initial approach 1.93 (1.41–2.65) –

Antibiotic resistance involvement 1.49 (1.07 – 2.05)

*BGN BLSE ou BGN productrice de carbapénémase(s) ou ERV ou SARM

*

MulQvarié avec succès d’éradicaQon du foyer
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p = 0.211) or septic shock, separately (37.9% vs. 45.7%; 
p = 0.183) or combined (28.1% vs. 34.0%; p = 0.099). 
The latter non-significance must be put into perspective. 
Patients who received appropriate antibiotic therapy had 
a survival benefit of 6%. For this observed difference in 
mortality to become statistically significant, a larger sam-
ple size of 1936 patients, actually double that available 
within the AbSeS, would have been required on the basis 
of a post hoc power analysis. This could represent a fea-
sible dedicated research project, preferably focusing on 
patients with adequate primary source control, in order 
to avoid major confounders. Rates of appropriate empiric 
antibiotic therapy in IAI range from 55 to 91%, but differ-
ences in settings, case mix, and microbial etiology hamper 
direct comparisons [12, 52–54], few investigators reported 
on the rates of empiric appropriate therapy in IAIs, prob-
ably because of the equivocal meaning of perioperative 
culture results in secondary peritonitis.

In contrast with the appropriateness of empiric antibiotic 
therapy, failure of source control proved a strong, statisti-
cally significant predictor of mortality in nearly all sub-
groups of community-acquired, early- and late-onset hos-
pital-acquired IAI, whether manifesting with localized or 
generalized peritonitis (Table 8). Mortality in patients with 
successful versus failure of source control was significantly 
higher in pooled sepsis (15.1% vs. 43.5%; p < 0.001), sep-
tic shock (27.0% vs. 58.0%; p < 0.001) and combined sep-
sis and septic shock (18.6% vs. 48.4%%; p < 0.001). These 
data, although unadjusted, offer a more detailed explana-
tion as to why, in the total AbSeS database containing 2621 
critically ill patients with IAI, antimicrobial resistance was 
not recognized as an independent risk factor for mortality, 
while failure of source control appeared pivotal.

The AbSeS only focused on empiric antimicrobial ther-
apy; however, the experience of the Merino trial suggests 
that definitive antibiotic therapy could also have importance 
[55]. No study focusing on IAI ever compared the results of 
documented therapies against specific multidrug-resistant 
(MDR) microorganisms. In this context, we can imagine that 
results could differ from one drug to another based on unad-
justed pharmacokinetic or minimal inhibitory concentration 
(MIC) criteria and that specific choices and dosing regimens 
may matter. To assess the impact of all these components 
of antimicrobial stewardship in the specific setting of truly 
complicated IAIs would require even larger datasets that are 
not available and probably very difficult to achieve, without 
a coordinated effort.

7  Limitations

Limitations need to be acknowledged. This was an obser-
vational cohort study and was therefore prone to bias. 
Only small numbers were available from some geographic 
regions, hampering meaningful conclusions. Because of the 
international scale and observational nature of the study, no 
strict approach to source control was standardized. Further-
more, evaluation of source control remained a subjective 
matter and because of the size of the study, no independent 
panel for comprehensive evaluation of source control was 
established. Finally, no central laboratory for microbiology 
was organized. As such, we had to rely on the local labora-
tories for microbiological identification and susceptibility 
testing, leading to an inherent variability in microbiological 
approach and, possibly, risk of misclassification.

Table 7  Mortality according to appropriateness of empiric antimicrobial therapy in distinct phenotypes of patients with secondary peritonitis

All differences in mortality between appropriate and inappropriate empiric antimicrobial therapy, p > 0.05

Community-acquired infection Early-onset hospital-acquired Late-onset hospital-acquired
Localized 
peritonitis 
(%)

Diffuse peritonitis (%) Localized 
peritonitis 
(%)

Diffuse peritonitis (%) Localized 
peritonitis 
(%)

Diffuse peritonitis (%)

Septic shock
  Appropriate empiric anti-

microbial therapy
8/30 (26.7) 9/31 (29.0) 4/24 (16.7) 12/30 (40.0) 15/31 (48.4) 32/65 (49.2)

  Inappropriate empiric 
antimicrobial therapy

7/16 (43.8) 12/23 (52.2) 3/11 (27.3) 6/10 (60.0) 7/13 (53.8) 13/32 (40.6)

Sepsis
  Appropriate empiric anti-

microbial therapy
20/93 (21.5) 12/66 (18.2) 8/55 (14.5) 11/45 (24.4) 22/80 (27.5) 35/99 (35.4)

  Inappropriate empiric 
antimicrobial therapy

8/49 (16.3) 11/37 (29.7) 9/41 (22.0) 10/28 (35.7) 14/43 (32.6) 20/50 (40.0)

globalement 64.8% de traitement approprié
gain global de survie de 6% MAIS NS (manque de puissance)

gain de survie si approprié plus marqué si choc septique et s’atténuant pour les nosocomiales tardives
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!is study has limitations. !is is an observational 
cohort study disposed to confounding. Some geographic 
regions are poorly represented obstructing conclu-
sive results. Evaluation of source control achievement 
remains a subjective appreciation performed by the 
attending physician; given the study scale, it was not 
feasible to establish an independent panel for in-depth 
evaluation of source control as previously reported [27]. 
At the same line, given the observational study design, 
there was no predefined approach to source control [7]. 
In addition, with this paper, we intended to provide a 
general epidemiological snapshot. !erefore, detailed 
country-specific or disease-specific analyses fell outside 
the scope of this report. Finally, we could not report the 
proportion of ICU patients with intra-abdominal infec-
tion/sepsis as the total number of admissions during the 
inclusion of cases was not recorded.

In conclusion, this multinational cohort of ICU patients 
with intra-abdominal infection revealed that late-onset 
healthcare-associated infection, diffuse peritonitis, and 
sepsis or septic shock are independent risk factors for 
mortality. !erefore, setting of infection acquisition, ana-
tomical disruption, and severity of disease expression are 
disease-specific phenotypic characteristics associated 
with outcome, irrespective of the type of intra-abdominal 
infection. Antimicrobial resistance is mainly an issue of 
Gram-negatives and a particular concern in specific geo-
graphic areas and associated with worse outcome as was 
failure of source control.
Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s0013 4-019-05819 -3) 
contains supplementary material, which is available to authorized users.

Table 6 Independent relationships with mortality in critically ill patients with intra-abdominal infection

The variable “antimicrobial resistance” de!ned as either MRSA, vancomycin-resistant enterococci (VRE), or di"cult-to-treat resistant Gram-negative bacteria did not 
achieve the !nal regression model. Supplement-9 reports the results of the logistic regression models with antibiotic resistance de!ned as either MRSA, VRE, ESBL-
producing, or carbapenem-resistant Gram-negative bacteria. In these logistic regression models, antibiotic resistance was associated with increased risk of mortality, 
while other covariates remained stable

OR odds ratio, CI con!dence interval, MRSA methicillin-resistant Staphylococcus aureus

*Area under the receiver-operating curve characteristic: 0.778; **Area under the receiver-operating curve characteristic: 0.689

Variable Model with source control achievement*
OR (95% CI)

Model without source 
control achievement**
OR (95% CI)

Setting of infection acquisition

 Community-acquired infection Reference Reference

 Early onset hospital-acquired infection (≤ 7 days) 1.15 (0.84–1.58) 1.18 (0.88–1.59)

 Late-onset hospital-acquired infection (> 7 days) 1.76 (1.34–2.32) 1.76 (1.36–2.30)

Anatomical disruption

 No anatomical barrier disruption Reference Reference

 Anatomical disruption with localized peritonitis 1.28 (0.95–1.75) 1.26 (0.95–1.69)

 Anatomical disruption with diffuse peritonitis 1.99 (1.49–2.67) 2.04 (1.55–2.70)

Severity of disease expression

 Infection Reference Reference

 Sepsis 2.44 (1.37–4.66) 2.28 (1.31–4.28)

 Septic shock 5.22 (2.91–10) 4.93 (2.80–9.30)

Age (per year increase) 1.03 (1.02–1.04) 1.03 (1.03–1.04)

Underlying conditions

 Malnutrition (body mass index < 20) 2.07 (1.34–3.17) 2.15 (1.43–3.21)

 Diabetes mellitus 1.31 (0.99–1.73) 1.32 (1.01–1.72)

 Liver failure 2.03 (1.23–3.33) 2.50 (1.55–4.02)

 Congestive heart failure 1.86 (1.24–2.81) 1.92 (1.31–2.81)

Empiric antimicrobial coverage

 Anti-MRSA agent 0.77 (0.59–1) 0.77 (0.59–0.98)

 Double anaerobe coverage – 1.28 (0.97–1.71)

Source control achievement at day 7

 Success Reference –

 Failure, persistent signs of inflammation 4.85 (3.79–6.22) –

 Failure, additional intervention required following initial approach 1.93 (1.41–2.65) –
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Méta-analyse n = 36 dont 23 essais randomisés contrôlés

Pas ou peu d’impact d’une ATB probabiliste prenant en compte les entérococques
 (mais majorité d’infecCons communautaires)We also attempted to separate patients according to

APACHE II scores to test whether our results were general-
izable to all or relevant to only one and whether enterococci-
covered antibiotic therapy could result in improved treatment
success in higher risk patients; however, the outcomes were
negative (Table 3).

Mortality and adverse effects. The mortalities based on
mITT in the enterococci-covered antibiotic therapy group and
the uncovered group were 2.66% and 2.47%, respectively,
and there was no substantial difference (Table 3). The inci-
dences of adverse effects were also the same between these

two groups, accounting for 45.65% and 44.70%, respectively,
in each group, based on the mITT population. However, we
did not analyze the detailed adverse effects, which were re-
stricted by the limited data available.

Risk factors for enterococcal infection in IAI. Considering
that the meta-analysis of RCTs did not result in a positive
outcome, we attempted to investigate the risk factors for en-
terococcal infection in patients with IAI. On the basis of the
included studies, we selected 12 community-acquired factors
and 10 hospital- or health-care–acquired factors for screening.
These factors were not thoroughly distinguished from each

Table 4. Risk factor analysis for enterococcal infection in IAI

Suspected Factors Included studies OR (95% CI) I2 for heterogeneity

1 Community Acquired
1.1 Female 11 0.920 [0.78, 1.09] 0%
1.2 Malignancy 6 1.530 [1.16, 2.03] 49%
1.3 Diabetes Mellitus 6 1.210 [0.96, 1.53] 0%
1.4 Cardiovascular Disease 5 1.270 [0.98, 1.63] 38%
1.5 Liver Disease 4 1.090 [0.49, 2.44] 73%
1.6 Chronic Lung Disease 4 1.240 [0.87, 1.78] 24%
1.7 Renal Diseases 3 1.420 [0.80, 2.52] 0%
1.8 Immunosuppression 3 1.270 [0.83, 1.93] 22%
1.9 Chronic Vascular Disease 2 1.120 [0.79, 1.59] 0%
1.10 GI Hemorrhage 2 3.230 [0.92, 11.37] 65%
1.11 Corticosteroid Use 2 2.460 [1.71, 3.54] 0%
1.12 Myocardial infarction 1 2.033 [0.9548, 4.244] NA

2 Hospital Acquired
2.1 Operation 7 2.880 [2.21, 3.75] 0%
2.2 Nosocomial Infection 7 2.810 [2.34, 3.39] 33%
2.3 Any Antibiotic Treatment 5 2.400 [1.74, 3.31] 42%
2.4 Admission to ICU 3 2.540 [1.75, 3.68] 0%
2.5 Indwelling Urinary Catheter 2 1.780 [1.02, 3.11] 0%
2.6 CVC 2 7.800 [0.63, 96.20] 89%
2.7 Inadequate Empirical ATB 1 2.088 [1.006, 4.253] NA
2.8 Generalized Peritonitis 1 1.449 [0.7129, 2.948] NA
2.9 Peritonitis Duration more than 24h 1 2.679 [1.157, 6.012] NA
2.10 MOF 1 2.017 [0.8483, 5.147] NA

Table 3. Analysis of Effectiveness, Mortality, and Adverse Effect of Empiric Enterococcus Covered
Antibiotic Therapy versus Enterococcus Non-Covered Antibiotic Therapy

Analysis type No. of studies Participants RR (95% CI) p

Clinical treatment success
Treatment success based on ITT 1 323 0.93 [0.83, 1.04] 0.22
Treatment success based on mITT 13 5092 0.99 [0.95, 1.03] 0.53
Treatment success based on clinical mITT patients 1 448 0.90 [0.79, 1.03] 0.12
Treatment success based on CE patients 17 5736 0.99 [0.97, 1.00] 0.15
Treatment success based on Ce adult patients 15 5265 0.99 [0.97, 1.01] 0.16

Mortality
Mortality based on ITT 5 2279 1.16 [0.65, 2.09] 0.61
Mortality based on mITT 9 4359 1.08 [0.74, 1.56] 0.7
Mortality based on CE 1 205 0.71 [0.16, 3.11] 0.65

Adverse effects
Total adverse effects based on ITT 3 1406 0.96 [0.87, 1.06] 0.37
Total adverse effects based on mITT 13 5717 1.03 [0.98, 1.09] 0.28
Total adverse effects based on CE 2 402 1.15 [0.80, 1.65] 0.44

Clinical Treatment Success based on CE patients stratified according to APACHE II
APACHE II <10 2 610 0.99 [0.91, 1.08] 0.89
APACHE II ‡10 2 153 0.98 [0.80, 1.20] 0.83

ITT = intention to treat; mITT = modified intention to treat; CE = clinically evaluable.
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!is study has limitations. !is is an observational 
cohort study disposed to confounding. Some geographic 
regions are poorly represented obstructing conclu-
sive results. Evaluation of source control achievement 
remains a subjective appreciation performed by the 
attending physician; given the study scale, it was not 
feasible to establish an independent panel for in-depth 
evaluation of source control as previously reported [27]. 
At the same line, given the observational study design, 
there was no predefined approach to source control [7]. 
In addition, with this paper, we intended to provide a 
general epidemiological snapshot. !erefore, detailed 
country-specific or disease-specific analyses fell outside 
the scope of this report. Finally, we could not report the 
proportion of ICU patients with intra-abdominal infec-
tion/sepsis as the total number of admissions during the 
inclusion of cases was not recorded.

In conclusion, this multinational cohort of ICU patients 
with intra-abdominal infection revealed that late-onset 
healthcare-associated infection, diffuse peritonitis, and 
sepsis or septic shock are independent risk factors for 
mortality. !erefore, setting of infection acquisition, ana-
tomical disruption, and severity of disease expression are 
disease-specific phenotypic characteristics associated 
with outcome, irrespective of the type of intra-abdominal 
infection. Antimicrobial resistance is mainly an issue of 
Gram-negatives and a particular concern in specific geo-
graphic areas and associated with worse outcome as was 
failure of source control.
Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s0013 4-019-05819 -3) 
contains supplementary material, which is available to authorized users.
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The variable “antimicrobial resistance” de!ned as either MRSA, vancomycin-resistant enterococci (VRE), or di"cult-to-treat resistant Gram-negative bacteria did not 
achieve the !nal regression model. Supplement-9 reports the results of the logistic regression models with antibiotic resistance de!ned as either MRSA, VRE, ESBL-
producing, or carbapenem-resistant Gram-negative bacteria. In these logistic regression models, antibiotic resistance was associated with increased risk of mortality, 
while other covariates remained stable

OR odds ratio, CI con!dence interval, MRSA methicillin-resistant Staphylococcus aureus

*Area under the receiver-operating curve characteristic: 0.778; **Area under the receiver-operating curve characteristic: 0.689
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 Septic shock 5.22 (2.91–10) 4.93 (2.80–9.30)

Age (per year increase) 1.03 (1.02–1.04) 1.03 (1.03–1.04)

Underlying conditions

 Malnutrition (body mass index < 20) 2.07 (1.34–3.17) 2.15 (1.43–3.21)

 Diabetes mellitus 1.31 (0.99–1.73) 1.32 (1.01–1.72)

 Liver failure 2.03 (1.23–3.33) 2.50 (1.55–4.02)

 Congestive heart failure 1.86 (1.24–2.81) 1.92 (1.31–2.81)

Empiric antimicrobial coverage

 Anti-MRSA agent 0.77 (0.59–1) 0.77 (0.59–0.98)

 Double anaerobe coverage – 1.28 (0.97–1.71)

Source control achievement at day 7

 Success Reference –

 Failure, persistent signs of inflammation 4.85 (3.79–6.22) –

 Failure, additional intervention required following initial approach 1.93 (1.41–2.65) –

Antibiotic resistance involvement 1.49 (1.07 – 2.05)

ne sort pas : PAS de différence de mortalité avec ou sans traitement an/fongique
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the conditions for using them. Ours is the first
study to show this association. We could spec-
ulate that a foreign material in a contaminate
field might be a ‘‘culture medium’’ for Candida,
supporting the onset of postoperative IAC. In
addition, yeasts are typically associated with the
ability to form biofilms on implanted devices
[30, 31], suggesting that Candida spp. may be
associated with IAC development caused by
formation of biofilm on prosthetic devices.
However, in order to give a definitive conclu-
sion, future studies are recommended.

We also found that prior exposure to
antibiotics was an independent risk factors for
IAC in ICU patients [15]. Our results are con-
sistent with several earlier studies in which
exposure to antibiotic agents was strongly
associated with invasive candidiasis [32–34].
The prolonged use of antibiotics could create a
selective pressure for the overgrowth and
endurance of Candida in the gut, which could
increase the likelihood of subsequent IAC
development [35–37]. Further studies should
clarify the relationships between the spectrum
of antimicrobial activity and the duration of
previous antibiotic use with IAC development.
Moreover, the independent association between
previous antifungal drugs and subsequent

development of IAC may reflect the severity of
patients’ underlying diseases.

In the absence of clinical evidence support-
ing the systematic benefit of antifungal pro-
phylaxis [38–40], other strategies to decrease
rates of IAC should be considered. On the basis
of our findings, attempts aimed at implement-
ing adequate surgical procedures and supportive
therapies may have a higher impact on reducing
episodes of IAC in ICU [41]. Moreover, previous
studies have shown a decrease of invasive can-
didiasis by improving antimicrobial steward-
ship strategies and/or infection control
measures [42, 43]. Therefore, audits of the use of
antimicrobial agents should be considered for
understanding the real need for antibiotics and
guide their judicious use, especially in the
presence of other risk factors for IAC.

In contrast to previous studies, we could not
demonstrate that Candida colonization was a
risk factor for IAC [2, 17]. However, this could
be explained by the policy of some centres
included in the EUCANDICU study to not
actively and systematically screen for Candida
carriers in all patients admitted to ICU. This
represents a clear limitation of the present
observational study.

As for etiology of IAC in terms of the relative
prevalence of the different Candida species,

Table 2 Independent predictors of intra-abdominal candidiasis among patients admitted to ICU on the basis of multi-
variate logistic regression analysis

Risk factorsa OR (95% CI) p

Recurrent gastrointestinal perforation 13.90 (2.65–72.82) 0.002

Anastomotic leakage 6.61 (1.98–21.99) 0.002

Abdominal drain 6.58 (1.73–25.06) 0.006

Receipt of antifungal drugs (7 or more days) 4.26 (1.04–17.46) 0.04

Receipt of antibiotics (7 or more days) 3.78 (1.32–10.52) 0.01

Only variables retained in the final multivariate models are presented. Risk factors were collected within 30 days before
intra-abdominal candidiasis (cases) or matched time period (controls)
aVariables with p\ 0.20 in the univariate analysis (heart disease; diabetes mellitus; severe hepatic failure; immunosup-
pressive drugs other than corticosteroids; SOFA score; prior receipt of antibiotics (7 or more days); parenteral nutrition;
abdominal drain; bacterial infection; Candida colonization; acute kidney injury; abdominal surgery; anastomotic leakage,
recurrent gastrointestinal perforation; prior receipt of antifungal drugs[ 7 days; renal replacement therapy; number of
abdominal surgical intervention) were considered for the multivariate model of cases vs. controls group. The Hos-
mer–Lemeshow goodness of fit test results indicate a p value of 0.34

Infect Dis Ther (2022) 11:827–840 835
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Spectres conventionnels d’intérêt

fluids may be mitigated during severe sepsis by the rapid
redistribution of drugs to the interstitium from the intra-
cellular compartment. Unlike observations of subthera-
peutic administration of standard-dose hydrophilic
antimicrobials, standard dosages of lipophilic antibiotics
are often sufficient to ensure adequate loading, even in
patients with sepsis or septic shock.
Once an appropriate initial loading dose is achieved,

the antibiotic regimen should be reassessed, at least
daily, because pathophysiological changes may signifi-
cantly affect drug availability in the critically ill patients.
Lower than standard dosages of renally excreted drugs
must be administered in the presence of impaired renal
function, while higher than standard dosages of renally
excreted drugs may be needed for optimal activity in pa-
tients with glomerular hyperfiltration [40]. It should be
noted that in critically ill patients, plasma creatinine is
an unreliable marker of renal function.
Knowledge of the pharmacokinetic and pharmacody-

namic antibiotic properties of each drug including (in-
hibition of growth, rate and extent of bactericidal action,
and post-antibiotic effect) may provide a more rational
determination of optimal dosing regimens in terms of
the dose and the dosing interval. Optimal use of the

pharmacokinetic/pharmacodynamic properties of antibi-
otics is important for obtaining good clinical outcomes
and reduction of resistance. Dosing frequency is related
to the concept of time-dependent versus concentration-
dependent killing. Beta-lactams exhibit time-dependent
activity and exert optimal bactericidal activity when drug
concentrations are maintained above the MIC [40].
Therefore, it is important that the serum concentration
exceeds the MIC for the appropriate duration of the
dosing interval for the antibiotic and the organism.
Higher frequency dosing, prolonged infusions, and con-
tinuous infusions have been utilized to achieve this ef-
fect. Basing on pharmacokinetics/pharmacodynamics
principles the traditional intermittent dosing of each
agent may be replaced with prolonged infusions of cer-
tain beta-lactam antibiotics especially in those critically
ill patients with infections caused by Gram-negative ba-
cilli that have elevated but susceptible MICs to the
chosen agent [55].
In contrast, antibiotics such as aminoglycosides 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

Table 1 Antibiotics for treating patients with IAIs based upon susceptibility. Use local antibiogram data for choosing optimal
antibiotics in the target population
Antibiotic Anaerobic

coverage
Pseudomonas
coverage

Non-resistant enterococci
coverage

Enterobacteriaceae
coverage

ESBL
coverage

Amikacin − + − + +/−

Amoxicillin/
clavulanate

+ − + +/−a −

Ceftazidime/
avibactam

− +b − +c +

Ceftolozane/
tazobactam

− +b − + +

Cefotaxime − − − + −

Ceftazidime − + − + −

Ceftriaxone − − − + −

Ciprofloxacin − + − +/−a −

Eravacycline + − + +e +

Ertapenem + − +/− + +

Imipenem-cilastatin + + +d + +

Meropenem + + +/− + +

Metronidazole + − − − −

Piperacillin/
tazobactam

+ + + + +/−

Tigecycline + − + +e +
aIncreasing rates of antimicrobial resistance among Enterobacteriaceae worldwide
bActive against MDR Pseudomonas aeruginosa except metallo-beta-lactamases (MBL)-producing Pseudomonas aeruginosa
cActive against carbapenemase-producing Klebsiella pneumoniae except MBL-producing Enterobacteriaceae
dImipenem/cilastatin is more active against ampicillin-susceptible enterococci than ertapenem, meropenem, and doripenem
eNot active against Proteus, Morganella, and Providencia

Sartelli et al. World Journal of Emergency Surgery           (2021) 16:49 Page 9 of 48



RFE 2015 Montravers Anesth Reanim 2015

Comment se positionner en antibiothérapie des IIA de réa ?



RFE 2015 Montravers Anesth Reanim 2015

Comment se positionner en antibiothérapie des IIA de réa ?



RFE 2015 Montravers Anesth Reanim 2015

Comment se posi#onner en an#biothérapie des IIA de réa ?



RFE 2015 Montravers Anesth Reanim 2015

Comment se positionner en antibiothérapie des IIA de réa ?

piéracilline/tazobactam
+

gentamicine

piéracilline/tazobactam
+

amikacine

pénème
+

amikacine

± échinocandine

± vancomycine



Montravers World J Emerg Surg 2023

Résistance et IIA post-opératoires

rétrospective monocentrique n =422 1999-2019

Page 13 of 15Montravers et al. World Journal of Emergency Surgery           (2023) 18:58  

which conditions higher rates of resistance have been 
reported [37]. !e principal strengths of this study are 
that these data are derived from one institution, the 
screening definition for POP has remained unchanged, 
and the same medical, surgical, and microbiology teams 
have been responsible for data collection throughout the 
study. !us, we assume that our observations could have 
some relevance for clinicians and could be an incentive 
for close follow-up of their local epidemiology.

In conclusion, this longitudinal evaluation of resistance 
patterns suggests a high incidence of MDRO among the sur-
gical samples of patients with POP. In addition, a progressive 
increase in the rate of MDR Enterobacterales was observed 
with a specific reference for ESBL-producing strains, while 
the other families remain stable. Only combination thera-
pies provide a high probability of adequate EAT. Piperacil-
lin/tazobactam is no longer a drug of choice for EAT in POP 
in infections involving MDRO. !e optimization of EAT 
should be based on local analysis of resistance patterns to 
select the regimens providing the highest adequacy rates. 
A large spread of computer-assisted prescriptions based on 
local databases combined with rapid diagnostic tests will 
help in selecting the most appropriate EAT.

Abbreviations
EAT  Empirical antibiotic therapy
ECDC  European Centre for Disease Prevention and Control
ESBL  Extended-spectrum beta-lactamase
EUCAST  European Committee on Antimicrobial Susceptibility Testing
GNB  Gram-negative bacilli
GPC  Gram-positive cocci

IAIs  Intraabdominal infections
ICU  Intensive care unit
IQRs  Interquartile ranges
MDRO  Multidrug-resistant organism
MRSA  Methicillin-resistant Staphylococcus aureus
POP  Postoperative peritonitis
SAPS  Simplified acute physiologic score
SOFA  Sequential organ failure assessment

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13017- 023- 00528-1.

Additional !le 1. Supplementary text. Management of microbiologi-
cal samples. Table S1. STROBE Statement. Table S2. Microbiologically 
documented surgical samples expressed as numbers or proportions 
per patient. Table S3. Temporal changes in the proportions of cultured 
organisms in the study population assessed with the Cochrane Armitage 
test. Table S4. Detailed microbiological resistance profile according to 
the recovered pathogens. Table S5. Crude rates of theoretical adequate 
EAT achieved with various regimens assessed in patients with/without 
MDROs between 1999 and 2019. Table S6. Temporal changes in the 
rate of theoretical adequate EAT for various regimens assessed with 
Cochrane Armitage test. Figure S1. Study flowchart. Figure S2. Annual 
proportion of MDROs expressed per total number of microorganisms (A) 
and per patient (B). Figure S3. Annual proportion of MDR and ESBL-
producing Enterobacter spp. (A) and MDR and ESBL-producing other 
Enterobacterales (B) expressed in proportion of isolates in the family. MDR 
strains in closed boxes and ESBL-producing strains in open boxes. Figure 
S4. Annual proportion of MDR nonfermenting Gram-negative bacilli (A), 
MDR enterococci (B), and MDR Staphylococcus aureus (C) expressed in 
proportion of isolates in the family. Figure S5. Annual susceptibility of 
Enterobacterales to imipenem/cilastatin (A), amikacin (B) and levofloxa-
cine/ciprofloxacin (C). Figure S6. Annual susceptibility of nonfermenting 
Gram-negative bacilli to piperacillin/tazobactam (A), ceftazidime (B), 
imipenem/cilastatin (C), amikacin (D) and ciprofloxacin (E). Figure S7. 
Annual susceptibility of enterococci to amoxicillin (A), gentamicin (B), 

Fig. 4 Theoretical adequacy rates of EAT expressed in proportions with various regimens for patients with/without MDRO during the 1999–2019 
period. *p < 0.0001; †p < 0.01; °p < 0.05 versus MDROs with the same regimen. Footnote AMK: amikacin; CIP: ciprofloxacin; GEN: gentamicin; IMI: 
imipenem/cilastatin; MET: metronidazole; TZP: piperacillin/tazobactam; VAN: vancomycin

avantage des associaCons avec pénèmes car augmentaCon de l’incidence des Enterobactarales BLSE



d’après Montravers Crit Care 2015

Remarque sur la multirésistance = IIA tertiaires
165

years 2015 and 2016 was recently registered within the 
EUCANDICU project [16].

Prolonged length of hospital stay and previous antibi-
otic treatment are the most widely recognized risk factors 
for ICU-acquired IAC, but also other potential predictors 
such as upper gastrointestinal tract origin of peritonitis 
and intraoperative cardiovascular failure have been sug-
gested [17].

Candida albicans was responsible for 76% of IAC 
in the EPIC II study, and its predominance was also 
reported (although reduced, 58%) in another study con-
ducted using data form the prospective, multicenter 
AmarCand cohort [18]. In a retrospective, multicenter 
study conducted from 2011 to 2013 in 13 hospitals across 
Italy, Brazil, Greece, and Spain, C. albicans was respon-
sible for 63% of 129 episodes of ICU-acquired IAC. !is 
latter study also highlighted a high prevalence of septic 
shock among patients with IAC (41%) and that concomi-
tant candidemia was observed only in 10–15% of all IAC 
episodes [3].

Of note, a clear comparison of IAC prevalence or inci-
dence data between different studies is frequently ham-
pered by two factors: (1) the inclusion among counted 
IAC episodes of only Candida peritonitis vs. the inclu-
sion also of other infections such as abdominal abscesses 
and/or biliary tract infections [3]; (2) the use of different 
definitions of IAC, with the risk either of overestimation 
by including contaminations or of underestimation by 
including only patients with a positive culture, although 
this risk seems reduced after the publication of a recent 
expert consensus [19]. In addition, the currently ongoing 
FUNDICU initiative, aimed at developing standard defi-
nitions for invasive fungal diseases in ICU patients, will 
further help to delineate a clear definition of IAC for both 
clinical and research purposes [20].

Operational de!nitions
Postoperative intra-abdominal infections are not well 
defined. !is is due to their heterogeneity in patient 
characteristics, clinical presentation, ecology and anti-
microbial treatment. Various classification approaches 
have been published in the international literature [4, 21–
23]. !e Infectious Diseases Society of America (IDSA) 
defines complicated and uncomplicated IAI. In compli-
cated IAI the infection extends beyond the hollow viscus 
of origin into the peritoneal space and is associated with 
either abscess formation or peritonitis [23]. Postopera-
tive IAI are not specifically addressed; they are summa-
rized under the term “healthcare-associated complicated 
IAI”. A frequently used clinical approach defines different 
types of peritonitis, i.e., primary, secondary (community-
acquired and postoperative), and tertiary peritonitis [4, 
21, 22]. In contrast to community-acquired IAI, noso-
comial (postoperative) IAI are: intra-abdominal postop-
erative abscess, postoperative secondary peritonitis and 
tertiary peritonitis. !e following differentiation appears 
to be useful for clinical practice (Table 1):

  • Postoperative intra-abdominal abscess is a postop-
erative collection of infected fluid within the intrab-
dominal cavity. It is usually treated by a combination 
of interventional measures (i.e. percutaneous drain-
age) and anti-infective therapy [4, 24]. Exact crite-
ria for drainage of an abscess (i.e. diameter, method, 
necessity for surgery) are not standardized. Surgi-
cal intervention in intra-abdominal abscesses is rare 
(< 10% of all cases) and usually follows ineffective 
interventional treatment [24].

  • Postoperative (post-interventional, post-traumatic) 
secondary peritonitis is a nosocomial peritonitis 
form and defined as an infectious abdominal com-

Fig. 1 The emergence of multi-drug resistant (MDR) bacteria is expressed as proportions of the respective species obtained from surgical samples 
at the time of initial surgery and first, second and third reoperation (adapted from [14]). *P < 0.05, †P < 0.01 versus initial surgery
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A. baumannii colonize/infect frequently inpatients in the Mediterranean region; 
ESBL may unexpectedly colonize healthy subjects from Mediterranean and 
Asian countries [22–24]. MRSA is not a frequent pathogen in IAIs and should 
be considered in hospital-acquired (particularly wound) infections and in 
patients with known previous colonization. Other pathogen-specific predispos-
ing factors in IAIs are detailed in Table 18.3 [11, 58, 62, 65, 66, 69, 70, 
72–76].

In general, broad-spectrum regimens are recommended in critically ill patients. 
Although coverage of enterococci and MDR bacteria is not recommended in 
patients with community-acquired peritonitis, enterococci should be considered 
in patients with septic shock, immunosuppression, and recurrent IAIs among 
other predisposing conditions listed in Table 18.3. Local epidemiology is a crucial 
factor to consider when selecting antimicrobial therapy. Surveillance strategies 
are important to guide selection of empirical treatment, particularly for severely 
ill patients [1, 2, 72]. Box 18.2 provides some useful pearls integrating microbiol-
ogy into clinical practice that might assist clinicians in the selection of the correct 
antibiotic.

Box 18.1 Risk factors and clinical scenarios with increased likelihood of 
multidrug-resistant (MDR) pathogens in intra-abdominal infections [65–70]

Risk factors for recovery of multidrug-resistant bacteria in patients with intra-abdominal 
infections
Healthcare-associated infection (outpatient intravenous treatment, wound treatment, 
antineoplastic therapies, hemodialysis, nursing home residents)
Recent exposure to broad-spectrum antibiotics (<3 months)
Length of hospitalization >5 days
Prior or current admission in intensive care unit
Liver disease
Pulmonary disease
Diabetic foot infection with antibiotic use
Organ transplantation
Corticosteroid use
Patient receiving immunosuppressive agents
Patient with recent exposure in areas with MDR prevalence in the community or in 
environmental sources
Patient hospitalized in areas with MDR prevalence
Postoperative peritonitis
Long time between first and second surgery
Tertiary peritonitis
Recurrent interventions in the biliary tract
Pretreated necrotizing pancreatitis

G. Poulakou et al.
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been demonstrated in two phase III trials showing no inferiority
when compared to carbapenems and high efficacy against MDR
Gram-negative microorganisms [18,19]. The tolerance of erava-
cycline was good, except for a significant incidence of gastro-
intestinal effects [18–20].

5. Positioning of these new agents in cIAIs

Despite limited published data, the microbiological and phar-
macokinetic profiles of the new antibiotics suggest that they
could be an innovative approach for treating patients with
cIAIs. These drugs have demonstrated an interesting spectrum
of activity against a wide range of MDR Gram-negative organ-
isms, including Enterobacteriaceae frequently cultured from
mixed infections. Table 1 summarizes the peculiarities of
these agents and their potential interest based on the current
susceptibility [8,13,14].

Apart from ß-lactams, no drug other than eravacycline has
been recently evaluated for the treatment of cIAIs. The poten-
tial value of eravacycline concerns its activity against most
microorganisms reported in intraabdominal samples and the
limited impact of the mechanisms of resistance usually
reported in relation to ß-lactams. Rather than a way of over-
coming the constraints of ß-lactams, eravacycline might be
considered as an option to decrease an all-ß-lactam approach.

6. Conclusions

In view of the limited therapeutic options and the growing
threat of Gram-negative MDR microorganisms, the cautious
use of antibiotic agents is mandatory. Every option sparing
the available resources, including ß-lactams, should be con-
sidered. In this setting, a diversification of the panel of
antibiotic agents with different mechanisms of action
would be welcome to reduce the selection pressure against
the potential pathogens. In addition, lipophilic agents not
impacted by the pharmacokinetic changes observed in
severe infections would be of great interest in targeting
the MDR microorganisms involved in cIAIs. Eravacycline
appears to be well suited to efficiently address these con-
ditions. Additional information is required before having
a complete picture of the indications and limitations of
the drug, but microbiological and pharmacokinetic charac-
teristics combined with the favorable results of registration

trials suggest that eravacycline could be an interesting
alternative therapy to other broad-spectrum agents in cIAIs.
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Table 1. Spectrum of activity of the newly available agents against Gram-negative microorganisms cultured from cIAIs depending on their resistance profile
(adapted from [8,13,14]).

Enterobacteriaceae Pseudomonas aeruginosa Acinetobacter spp.

ESBL AmpC Class-A CBP mCBP Class-D CBP WT MDR mCBP WT MDR

Ceftolozane-tazobactam + IE - - - + + - - -
Ceftazidime-avibactam + + + - + + + - - -
Meropenem-vaborbactam + + + - - + IE - + -
Imipenem-relebactam + + + - IE + IE - + -
Plazomycin + + + + IE - - - - -
Eravacycline + + + + + - - - + IE

Abbreviations: cIAI, complicated intraabdominal infection; ESBL, extended-spectrum β-lactamase producers; IE, insufficient evidence available in the field of
intraabdominal infections; CBP, carbapenemase producers; mCBP, metallo-carbapenemase producers; MDR, multidrug-resistant pattern including co-resistances
to aminoglycosides, fluoroquinolones, and broad-spectrum β-lactams by various mechanisms; WT, wild-type pattern for species.
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Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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• Gravité très variable (souvent modérée, péritonites appendiculaires)

• Effet écrasant de l’éradicaDon de la source

• IIA = polymicrobiens (même si non apparent car culture = sélécDon)

Les limites des études ATB et IIA…et du raisonnement
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Table 1. Demographics and Baseline Characteristics: Microbiological 
Intent-to-Treat Population

Characteristic
Eravacycline

(N = 195)
Meropenem

(N = 205)

Age, years
 Mean ± standard deviation 
(min., max.)

50.3 ± 17.7 (18, 84) 52.3 ± 18.3 (19, 87)

Age group, n (%)
 <65 years 148 (75.9) 145 (70.7)
 65–75 years 34 (17.4) 38 (18.5)
 >75 years 13 (6.7) 22 (10.7)
Gender, n (%)
 Female 86 (44.1) 100 (48.8)
Body mass index, kg/m2 27.4 ± 5.3 (17.2, 49.2) 27.1 ± 5.0 (17.1, 

43.8)
Acute Physiology and Chronic 
Health Evaluation II score

6.6 ± 3.8 (0, 19) 6.4 ± 4.0 (0, 20)

Surgical interventiona

 Open 117 (60.0) 130 (63.4)
 Laparoscopic 69 (35.4) 67 (32.7)
 Percutaneous 12 (6.2) 15 (7.3)
 Other 0 (0.0) 1 (0.5)

aIn some cases, patients initially treated with laparoscopic or percutaneous therapy were 
converted to other procedures. Therefore, these categories are not mutually exclusive.

Table 2. Pathologies: Microbiological Intent-to-Treat Population

Pathology
Eravacycline

(N = 195)
Meropenem

(N = 205)

Actual primary disease diagnosis
 Complicated appendicitis, n (%) 94 (48.2) 90 (43.9)
 Other complicated intra-abdominal 

infection
101 (51.8) 115 (56.1)

Diagnosed and enrolled preoperatively 7 (3.6) 11 (5.4)
Diagnosed intra-/postoperatively 188 (96.4) 194 (94.6)
 Intra-abdominal abscess(es)a 119 (63.3) 110 (56.7)
 Peritonitis 94 (50.0) 95 (49.0)
 Gastric/duodenal perforation 11 (5.9) 12 (6.2)
 Complicated cholecystitis 40 (21.3) 45 (23.2)
 Perforation of small intestine 7 (3.7) 7 (3.6)
 Complicated appendicitis 93 (49.5) 91 (46.9)
 Perforation of large intestine 8 (4.3) 12 (6.2)
 Diverticulitis with perforation, peritonitis, 

or abscess
5 (2.7) 7 (3.6)

 Other 0 2 (1.0)

aThe population included some patients with abscesses and no other diagnosis.

discretion. The expected duration of patient participation for 
the study was approximately 6–8 weeks. Treatment duration at 
study entry was expected to be a minimum of four 24-hour dos-
ing cycles.

Source Control Review

A single surgical reviewer (J. S. S.) examined the records of all 
patients considered clinical failures, or cures with an unplanned 
second procedure, or deaths. Source control was considered 
adequate when the physical measures at operation or drainage 
were consistent with current local standards of practice to drain 
infected fluid collections, eliminate the source of infection, con-
trol ongoing contamination, and restore gastrointestinal func-
tion [31]. Patients who were considered to have had inadequate 
source control were assigned indeterminate outcomes and were 
excluded from per-protocol analyses.

Clinical Outcome Assessments and Statistical Analyses

The primary endpoint was the clinical response at the TOC 
visit 25–31 days after initiation of the study drug in the micro-
ITT population, as required by the FDA. As eravacycline had 
demonstrated NI at a 10% NI margin in the IGNITE1 study, an 
NI margin of 12.5% was used in IGNITE4 as agreed to by the 
FDA. This is the standard margin for the Europeans Medicines 
Agency (EMA).

Secondary endpoints were clinical and microbiological 
responses for the micro-ITT, modi"ed ITT, clinically evalu-
able, and microbiologically evaluable populations at end-of- 
treatment (EOT), TOC, and follow-up (FU) visits.

Microbiological Specimen Collection and Outcome Assessments

Appropriate aerobic and anaerobic specimens for culture at the 
time of the on-study source control procedure were collected 
from the site of infection and directly inoculated into culture 
media during the procedure. Specimen collection was either by 
tissue biopsy or aspirate. These specimens were cultured, and 
the species were identified at a local or regional laboratory. All 
purified isolates were sent to the central reference laboratory for 
confirmation of species identification and antimicrobial suscep-
tibility testing. Isolates were screened for possible ESBL or car-
bapenemase production based on antimicrobial susceptibility 
testing, which was confirmed by next-generation sequencing.

RESULTS

A total of 500 patients were enrolled in the ITT population, 250 
in each treatment arm. Figure 1 displays the CONSORT flow di-
agram. The majority of patients were enrolled in the European 
Union. Enrollment ran from 13 October 2016 to 1 April 1 2017.

Table 1 displays the demographics data for the micro-ITT 
population. #e baseline demographics for patients in both 
treatment arms were similar. Sixty percent of patients in the 
eravacycline group and 63.4% in the meropenem group re-
ceived open surgery; 35.4% and 32.7%, respectively, received 
laparoscopic surgery; and the remaining received percutaneous 
or other procedures. As randomized, 48.2% of the eravacycline 
group were diagnosed with complicated appendicitis vs 43.9% 
in the meropenem group.

Details of the infections encountered are listed in Table 
2. #e majority of patients in both groups were enrolled 
post-operatively.

Table 3 shows the clinical response for all populations 
at the TOC visit. #e primary e$cacy endpoint, per FDA 

50% d’appendicites compliquées
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requirements, was the clinical response at the TOC visit in the 
micro-ITT population.

For this endpoint, the cure rate was 90.8% for eravacycline 
and 91.2% for meropenem, a di"erence of −0.5% with a 95% 
CI of −6.3% to 5.3%, meeting the predetermined criterion for 
NI. Clinical cure rates were high across all visits and popula-
tions, ranging from 90.8% to 96.9% in the eravacycline arm and 
from 91.2% to 96.4% in the meropenem arm. $e percentages 
of patients with a response of clinical cure at the FU visit (Table 
4) were similar between the treatment groups in all analysis 
populations and were generally lower than those at the EOT 
(Table 5) or TOC visits in all populations assessed. $e latter 
observation was due to the higher number of missing responses 
in both treatment groups. Overall, the results for analysis of 
clinical cure were supportive of the primary e%cacy analysis 
results.

$e microorganisms identi&ed at the intraabdominal site of 
infection are detailed in Table 6. All patients in the micro-ITT 
population for both treatment arms had a baseline intraabdom-
inal specimen, and only 1 patient did not have baseline blood 
culture samples. Almost all intraabdominal specimens (>99% 
of patients in both treatment arms) had con&rmed bacterial 
growth in culture. Seven percent of blood cultures from both 
the eravacycline and the meropenem populations had con-
&rmed growth. $e risk of bacteremia regardless of treatment 

was highest with large or small bowel perforation (15% and 
14.3%, respectively). Bacteremia in the micro-ITT population 
did not have an obvious e"ect on clinical outcome. Of the 29 
such patients with bacteremia, 3 failed, 2 were indeterminant 
for missing endpoint visit, and 24 were cured. All patients with 
baseline bacteremia in the eravacycline group and all but 1 in 
the meropenem group had documented clearance of the base-
line organism from the blood.

A total of 284 patients (71%) had polymicrobial infection, 
and 320 patients harbored gram-negatives. Bacteroides species 
were found in 176 patients, and 158 of these also had at least 1 
gram-negative. Bacteroides were cultured from only 1 patient 
with a monomicrobial infection.

We encountered a variety of ESBLs and carbapenem-resistant 
Enterobacteriaceae (CRE; see Table 7). $e most common ESBL 
was CTX-M-15. One KPC-2 and 1 OXA-48 were encountered, 
both patients successfully treated with meropenem.

Clinical failures are detailed in Table 8. $e primary reasons 
for failure in both groups were the need for an unplanned sur-
gical or percutaneous procedure (5 in each group) and initia-
tion of rescue antibiotic therapy for cIAI (6 in each group).

Safety

TEAEs occurred in 37.2% (93/250) of patients in the eravacy-
cline group compared to 30.9% (77/249) in the meropenem 

Table 3. Clinical Response at Test-of-cure Visit

Population Eravacycline Meropenem Difference (95% Confidence Interval)

Modified intent-to-treat N = 250 N = 249 …
 Clinical cure 231 (92.4) 228 (91.6) 0.8 (–4.1, 5.8)
 Clinical failure 7 (2.8) 9 (3.6) …
 Indeterminate/Missing 12 (4.8) 12 (4.8) …
Microbiological intent-to-treat N = 195 N = 205 …
 Clinical cure 177 (90.8) 187 (91.2) –0.5 (–6.3, 5.3)
 Clinical failure 7 (3.6) 7 (3.4) …
 Indeterminate/Missing 11 (5.6) 11 (5.4) …
Clinically evaluable N = 225 N = 231 …
 Clinical cure 218 (96.9) 222 (96.1) 0.8 (–2.9, 4.5)
 Clinical failure 7 (3.1) 9 (3.9) …
 Indeterminate/Missing 0 0 …
Microbiologically evaluable N = 174 N = 194 …
 Clinical cure 167 (96.0) 187 (96.4) –0.4 (–4.9, 3.8)
 Clinical failure 7 (4.0) 7 (3.6) …
 Indeterminate/Missing 0 0 …

Table 4. Clinical Response at Follow-up Visit

Population
Eravacycline

(Clinical Cure/Total)
Meropenem

(Clinical Cure/Total) Difference (95% Confidence Interval)

Intent-to-treat 224/250 (89.6) 226/250 (90.4) –0.8 (–6.2, 4.6)
Modified intent-to-treat 224/250 (89.6) 226/249 (90.8) –1.2 (–6.5, 4.2)
Microbiological intent-to-treat 170/195 (87.2) 185/205 (90.2) –3.1 (–9.5, 3.2)
Clinically evaluable 220/229 (96.1) 221/231 (95.7) 0.4 (–3.5, 4.3)
Microbiologically evaluable 168/177 (94.9) 184/192 (95.8) –0.9 (–5.7, 3.6)

non-infériorité
92% de succès 

peu graves (SAPS II = 6)



Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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Table 5. Clinical Response at End-of-treatment Visit

Population
Eravacycline

(Clinical Cure/Total)
Meropenem

(Clinical Cure/Total) Difference (95% Confidence Interval)

Intent-to-treat 235/250 (94.0) 234/250 (93.6) 0.4 (–4.0, 4.8)
Modified intent-to-treat 235/250 (94.0) 234/249 (94.0) 0.0 (–4.3, 4.4)
Microbiological intent-to-treat 181/195 (92.8) 193/205 (94.1) –1.3 (–6.5, 3.7)
Clinically evaluable 232/239 (97.1) 234/237 (98.7) –1.7 (–4.8, 1.1)
Microbiologically evaluable 180/187 (96.3) 193/196 (98.5) –2.2 (–6.2, 1.2)

Table 6. Clinical Cure at the Test-of-cure Visit by Baseline Pathogen: Microbiological Intent-to-treat Population

Baseline Pathogena
Eravacycline

(N = 195)
Meropenem

(N = 205)

Gram-negative aerobes 141/158 (89.2) 153/166 (92.2)
 Enterobacteriaceae 129/146 (88.4) 142/154 (92.2)
  Escherichia coli 111/126 (88.1) 125/134 (93.3)
  Klebsiella pneumoniae 21/21 (100.0) 23/27 (85.2)
 Non-enterobacteriaceae 36/38 (94.7) 28/30 (93.3)
  Acinetobacter baumannii complex 5/5 (100.0) 2/2 (100.0)
  Pseudomonas aeruginosa 18/19 (94.7) 18/20 (90.0)
Gram-positive aerobes 108/122 (88.5) 98/107 (91.6)
 Enterococcus avium 10/11 (90.9) 9/10 (90.0)
 Enterococcus faecalis 29/31 (93.5) 26/28 (92.9)
 Enterococcus faecium 25/29 (86.2) 22/23 (95.7)
 Staphylococcus aureus 16/16 (100.0) 7/8 (87.5)
 Methicillin-susceptible Staphylococcus aureus 15/15 (100.0) 7/8 (87.5)
 Streptococcus species 52/60 (86.7) 46/50 (92.0)
  Streptococcus viridans group 50/57 (87.7) 40/44 (90.9)
   Streptococcus anginosus group 39/45 (86.7) 31/33 (93.9)
    Streptococcus anginosus 25/29 (86.2) 21/22 (95.5)
    Streptococcus constellatus 13/15 (86.7) 9/11 (81.8)
   Streptococcus mitis group 13/14 (92.9) 11/12 (91.7)
Anaerobes 99/110 (90.0) 104/111 (93.7)
 Bacteroides species 83/94 (88.3) 82/88 (93.2)
  Bacteroides caccae 5/6 (83.3) 5/5 (100.0)
  Bacteroides fragilis 33/40 (82.5) 35/38 (92.1)
  Bacteroides ovatus 19/24 (79.2) 28/28 (100.0)
  Bacteroides thetaiotaomicron 27/30 (90.0) 30/33 (90.9)
  Bacteroides uniformis 14/16 (87.5) 14/14 (100.0)
  Bacteroides vulgatus 27/28 (96.4) 23/23 (100.0)
 Clostridium species 9/9 (100.0) 26/26 (100.0)
  Clostridium perfringens 7/7 (100.0) 12/12 (100.0)
 Fusobacterium species 5/6 (83.3) 2/2 (100.0)

aOrganisms encountered 10 or more times are included, along with those considered of interest. A full listing of baseline pathogens can be found in the Supplementary Materials.

group. The incidence of TEAEs reported in this and the 2 other 
eravacycline trials are well within the range of trials of other 
antibiotic therapy for cIAI [32, 33]. It is important to note that 
the reported TEAE rates include all events, regardless of rela-
tionship to study drug; less than half of the events reported in 
either treatment group were considered related to study drug.

"e majority of TEAEs seen in patients who received erava-
cycline were gastrointestinal disorders such as nausea (n = 12), 
vomiting (n = 9), and diarrhea (n = 6). "e full list of TEAEs that 
occurred in more than 2% of patients in either group can be 
seen in Table 9. Few events led to discontinuation of study drug 
in either treatment arm.

Localized infusion site reactions, including infusion site 
phlebitis and infusion site thrombosis, were more common in 
eravacycline-treated patients compared to meropenem-treated 
patients in the study. Among these events, 3 were graded mod-
erate in severity, and the remainder was mild. In 2 cases, the 
study drug was diluted into a larger volume, and in a third case, 
the infusion rate was decreased to manage the AE. In no case 
was study drug discontinued as a result of an infusion site re-
action. "ere were 5 deaths, none of which were determined 
to be treatment related. "e causes for these were pulmonary 
embolism, respiratory failure, chronic obstructive pulmonary 
disease, pneumonia, and cardiac arrest.

eravacycline est inactive sur Pa
et néanmoins : 94% de guérison microbiologique
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probability estimates at day 45 were about 0.89 for the 
8-day arm and 0.85 for the 15-day arm. 

No significant difference between the arms was 
observed for emergence of MDR bacteria (Table 2).

#irty-three patients in the 15-day arm and 40 patients 
in the 8-day arm were still hospitalised at day 45, and 16 
patients (eight in each arm) were still in ICU. Other sec-
ondary outcomes are presented in Fig. 2.

Outcomes in predefined subgroups of interest
In order to evaluate differences of treatment effects in 
terms of antibiotic-free days, 45-day mortality and emer-
gence of MDR bacteria in predefined specific subgroups 
of patients (ESM-Table 7), regressions were fitted and the 
interactions of each subgroup and the randomisation arm 
were tested (ESM-Tables 8a-8r).

Linear regression showed a significant associa-
tion between antibiotic-free days and the interaction 
between randomisation arm and enterococcal infections 

Fig. 2 Primary and secondary outcomes (two-sided analyses on ITT population). aDeceased patients have 0 days free of antibiotics; bdeceased 
patients leave the ICU on the day of death; cdeceased patients leave the hospital on the day of death; damong patients still hospitalised at day 15; 
eamong patients still hospitalised at day 28; famong those who underwent reoperation or additional drainage; gamong those who underwent 
surveillance samples or additional clinical isolates. Clinical and microbiological failures: see definitions in “Materials and methods”. IQR interquartile 
range, ICU intensive care unit, MDR bacteria multidrug-resistant bacteria

Number at risk  (number censored)
8-Day arm 120 (0) 118 (0) 111 (1) 107 (100)
15-Day arm 116 (0) 114 (0) 101 (3) 97 (92)
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Fig. 3 Kaplan-Meier curves of the probability of survival from ran-
domisation to day 45 according to treatment arm
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• Les classificaRons ont peu de sens et les études sont à revoir et homogénéiser en foncRon de 

é゚radicaCon du foyer/succès ou non

g゚ravité choc sepRque/sepsis

e゚ffracCon digesRve/péritonite

±゚ nosocomial tardif/précoce/communautaire

• Impact de l’anRbiothérapie très difficile à déterminer, 

- uniquement si éradicaRon avec succès

- possible rôle dans les terCaires/persistantes (et donc R ou mulC-R)

Conclusions…plus de questions que de réponses



• piperacilline/tazobactam + aminoside (si noso et/ou FdR Pa = amikacine)

ou

• pénème + aminoside (surtout si FdR mulC-R : post-op, terCaires…)

• ± nouvelles molécules 

- si colonisa.on MDR connue avec ATB gramme

- si écologie locale par.culièrement MDR

• entérococques ?

• levures (échinocandines…& wait for CASPER)

Conclusions…en pratique, IIA en réanimation = grave et/ou noso



Conclusion – Antibiothérapie des IIA liées aux soins

ERADICATION DU FOYER

AnCbiothérapie
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Pancréa#tes aigus nécrosantes
Maguire et al 9

Figure 2. Infected necrotizing pancreatitis treatment algorithm.
Abbreviations: ESBL, extended-spectrum β-lactamase; fT>MIC, free drug concentration greater than minimum inhibitory concentration.
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