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Updates in Prevention of Surgical Site Infection

Long et al.

Exogenous and endogenous infection may be caused by 
similar organisms (e.g., Staphylococcus, Klebsiella, Escherichia, 
Enterococcus, and Proteus species) and cannot reliably be dis-
tinguished based on taxonomy or antimicrobial resistance 
patterns. However, studies using molecular techniques 
capable of tracking individual strains of Staphylococcus aureus 
have shown that upward of 80% of surgical site infections arise 
from the preoperative patient microbiome. This !nding has been 
consistent across a range of patient, procedural, and geo-
graphic contexts.17–20 While S. aureus is simpler to selectively 
isolate from preoperative patient samples for comparison 
with subsequent infection, accumulating evidence suggests 
that endogenously acquired infection may be the predom-
inant mode of surgical site infection generally (not unique 
to S. aureus).14,15,21 From this perspective, wound infection in 
the era of modern surgical practice has been described as a 
“failure to control the host-microbiome during surgery.”15

The host microbiome may contribute to surgical site 
infection in the following ways.

Direct Contamination 
The composition of the human microbiome varies dramat-
ically by anatomic site, even di"ering signi!cantly across 

various regions of the skin22 (!g. 2C). Procedures such as 
surgical incision, intubation, and intravascular or urinary 
catheter insertion disrupt the normal anatomic separation 
of these compartments, resulting in mechanical translo-
cation of bacteria from their normal sites of colonization 
(skin, oropharynx, gut) into new anatomic niches (deep tis-
sue, lung, bloodstream, urinary tract; !g. 3B1). In this new 
microenvironment with di"erences in temperature, nutrient 
availability, immune activity, and competition from other 
species, quiescent bacteria can rapidly evolve to express 
pathogenic phenotypes and hence become “pathogens.”

Prevention measures targeting endogenous wound 
contamination (e.g., skin preparation, antibiotic prophy-
laxis) are highly e"ective, but have important limitations. 
For example, traditional approaches to surgical skin prepa-
ration e"ectively sterilize the epidermis; however, the skin 
microbiome extends into subepidermal layers, with patho-
gens such as Pseudomonas aeruginosa observed as deep as 
dermal or adipose tissue.23 This limitation is particularly 
well described in shoulder surgery: Cutibacterium acnes, 
which heavily colonizes the shoulders of male patients and 
is a leading cause of chronic infection and arthroplasty 
failure, evades topical antiseptics through sequestration in 
sebaceous glands.15

Trojan-Horse Hypothesis
In addition to direct contamination of the surgical !eld, 
bacteria from anatomically distant compartments of the 
human microbiome may indirectly seed an otherwise ster-
ile operative site (!g. 3B2). The “Trojan-horse hypothe-
sis” is based on the observation that some pathogens, most 
notably S. aureus, can invade neutrophils at remote sites of 
colonization (e.g., nares, gastrointestinal tract) and remain 
viable intracellular pathogens after re-entering systemic cir-
culation.14 As part of the normal immune response to sur-
gery, these pathogen-laden neutrophils migrate to sites of 
traumatized tissue and foreign material (which may be ster-
ile in the case of a surgical procedure), where they release 
this infectious payload in parallel with other in$ammatory 
mediators via exocytosis.24,25

“Awakening” the Microbiome

Bacteria already natively present within the microbiome 
of the surgical site may also undergo phenotypic switch-
ing from commensalism to virulence without the need for 
translocation (!g. 3B3). Common perioperative exposures 
such as opioids,26 anesthetic agents,27,28 increased fraction of 
inspired oxygen (Fio2),

29 and physiologic stress30 may dra-
matically impact the microbiome, triggering expression of 
pathogenic phenotypes among “normal” microbes resident 
in the surgical site.

In mice, morphine administration has been shown 
to rapidly induce a state of gut dysbiosis (reduced diver-
sity, predominance of Enterococcus faecalis),26 and trigger P. 

Fig. 1. Relative frequency of adverse perioperative events 
reported in most recent National Surgical Quality Improvement 
Program registry data. Healthcare-associated infection (green) 
is the most common overall class of postoperative complica-
tion measured by the American College of Surgeons National 
Surgical Quality Improvement Program, driven largely by surgi-
cal site infection, which is second only to bleeding as the most 
common single adverse event type reported. American College of 
Surgeons National Surgical Quality Improvement Program 2019 
Participant Use File, https://www.facs.org/quality-programs/acs-
nsqip/participant-use, accessed September 2, 2021. Detailed 
data descriptions available in “2019 PUF User Guide” accessible 
at this site.

Copyright © 2022, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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Réseau ISO- Raisin, France. Résultats 2017, Santé publique France, février 2019

Infections du site opératoire (ISO)

Réseau d’alerte, d’investigation et de surveillance des infections nosocomiales (RAISIN) 
Réseau ISO-Raisin, France. Résultats 2017

 
   

    

 
 

  
 
 
   

 

 
 
   

  

  
  

 
 
 
 
 

 

 

 

 

  

            

             

            

            

 

            

            

            

            

 

            

            

            

            

  

           

            

  

            

            

 

            

            

  

            

            

            

  

               

 

            

  

           

            

          

             

 

           

          
 

      
  

Synthèse des résultats 

Durée % NB moyenne de ambula-interv. suivi  (en toire jours) 

Chirurgie orthopédique 

% Taux d'incidence NNIS d'ISO [IC 95%] 0 

Taux d'incidence 
d’ISO pour les 
patients sans 

facteur de risque* 
[IC 95%] 

Délai moyen 
d'apparition de 

l'ISO depuis
l'intervention 

(en jours) 

% ISO 
profondes, 
organe ou 

espace 

% de 
reprises 

chirurgicales 

PTHP 16 122 0,7 57,0 ± 45,6 28,8 1,51 [1,32 - 1,70] 0,99 [0,57 - 1,40] 25,4 ± 16,6 73,1 82,0 

PTGP 11 167 1,2 65,1 ± 52,6 61,0 0,75 [0,59 - 0,91] 0,72 [0,43 - 1,01] 28,7 ± 15,6 82,2 84,5 

RPTH 1 633 0,3 57,0 ± 48,2 37,3 3,80 [2,85 - 4,74] 3,48 [1,32 - 5,64] 22,7 ± 16,2 95,2 87,1 

RPTG 485 - 62,2 ± 51,2 35,8 2,89 [1,37 - 4,40] 2,50 [0,00 - 5,96] 23,3 ± 21,9 71,4 92,9 

Chirurgie digestive 

HERN 13 384 63,5 32,3 ± 30,0 63,8 0,97 [0,80 - 1,14] 0,60 [0,37 - 0,83] 14,1 ± 10,5 41,6 42,3 

CHOL 8 521 35,2 29,8 ± 28,5 69,7 1,10 [0,88 - 1,33] 0,64 [0,33 - 0,94] 9,2 ± 6,6 47,9 27,7 

COLO 3 625 2,8 50,4 ± 48,2 30,5 7,59 [6,69 - 8,48] 4,93 [2,91 - 6,94] 9,8 ± 6,4 55,9 38,9 

APPE 3 265 2,8 26,3 ± 28,8 47,2 2,08 [1,59 - 2,58] 2,00 [0,00 - 4,26] 9,6 ± 5,6 66,2 26,5 

Chirurgie gynéco-obstétrique 

CESA 13 140 0,4 31,3 ± 32,4 89,5 1,58 [1,36 - 1,79] 1,04 [0,53 - 1,55] 11,8 ± 6,0 29,4 21,3 

SEIN 7 265 27,7 34,5 ± 39,1 74,5 2,57 [2,21 - 2,94] 1,83 [1,30 - 2,36] 17,7 ± 10,1 58,3 44,4 

HYSA 1 381 1,5 31,3 ± 27,3 52,2 1,88 [1,16 - 2,61] 1,3 [0,16 - 2,44] 14,2 ± 9,6 61,5 23,1 

HYSV 1 024 3,7 34,1 ± 27 72,4 0,88 [0,30 - 1,45] 0,82 [0,00 - 1,74] 12,8 ± 5,0 66,6 33,3 

Chirurgie traumatologique 

OSEF 1 877 0,3 53,3 ± 49,0 35,5 0,85 [0,43 - 1,27] 0 32,6 ± 21,3 68,8 81,3 

OSAU 5 816 19,9 55,4 ± 57,2 58,0 1,19 [0,91 - 1,47] 0,35 [0,00 - 0,84] 30,7 ± 19,6 68,1 75,4 

Chirurgie urologique 

RTUP 4 349 4,6 45,9 ± 40,7 42,5 2,07 [1,64 - 2,50] 0,98 [0,34 - 1,63] 11,3 ± 9,5 100,0 2,2 

PROS 1 502 0,1 50,2 ± 49,7 50,7 4,13 [3,10 - 5,16] 2,70 [0,94 - 4,47] 10,9 ± 7,3 71,0 8,1 

Neurochirurgie 

HDIS 1 873 - 48,2 ± 35,0 69,1 0,69 [0,32 - 1,07] 0,53 [0,00 - 1,13] 12,5 ± 6,7 53,8 69,2 

LAMI 1 433 - 50,3 ± 43,4 60,3 0,91 [0,41 - 1,40] 0,22 [0,00 - 0,65] 13,3 ± 7,8 69,3 92,3 

Chirurgie bariatrique 

BARS 2 121 0,4 45,3 ± 43,3 24,4 1,65 [1,10 - 2,20] 1,45 [0,03 - 2,87] 10,0 ± 6,7 74,3 62,9 

BARB 700 0,4 66,8 ± 62,2 42,9 1,57 [0,64 - 2,50] 0 8,8 ± 6,8 81,9 54,5 

BARA 203 42,4 47,3 ± 54,6 45,3 2,96 [0,59 - 5,32] 4,35 [0,00 - 10,37] 9,7 ± 4,2 33,3 50,0 

Chirurgie coronaire 

PONM 1 365 - 46,2 ± 45,8 - 3,44 [2,46 - 4,43] - 14,9 ± 7,4 52,1 66,0 

Chirurgie réparatrice et reconstructive 

DERM 651 0,9 51,3 ± 63,5 69,5 3,99 [2,46 - 5,53] 0,48 [0,00 - 1,42] 14,6 ± 5,2 30,8 46,2 

Chirurgie thoracique 

LOBE 312 - 64,4 ± 62,9 41,0 0,96 [0,00 - 2,05] 0 16,7 ± 9,3 33,3 66,7 

EPAP 188 - 58,6 ± 55,1 50,0 1,60 [0,00 - 3,40] 2,94 [0,00 - 8,71] 5,7 ± 4,7 33,3 0,0 

PNEU 17 - 66,7 ± 72,4 58,3 - - - - -

BILO 13 - 55,8 ± 41,9 75,0 7,69 [0,00 - 22,77] 0 9,0 ± 0,0 - -

Chirurgie vasculaire 

AORT 257 0,4 54,9 ± 39,5 17,7 2,33 [0,47 - 4,20] 0 16,5 ± 4,7 66,7 33,3 

ACAO 2 - 29,0 ± 36,8 0,0 - - - - -

*NNIS 0 ; âge<médiane ; intervention programmée ; durée de séjour pré-opératoire ≤1 jour 
La description des codes d’intervention est disponible en annexe 2. 

SANTÉ PUBLIQUE FRANCE / Surveillance des infections du site opératoire 
dans les établissements de santé. Réseau ISO-Raisin, France. Résultats 2017 / p. 6 

ISO superficielles 2,4%
ISO profondes 5,8%
ISO d’organe 7,7%

prévalence taux d’incidence
PTG  0,75 [0,59 - 0,91] 
Colorectal 7,59 [6,69 - 8,48] 
Bilobectomie 7,69 [0,00 - 22,77] 
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aeruginosa virulence and gut-derived sepsis.31 These e!ects 
can be attenuated by administration of opioid-receptor 
antagonists such as methylnaltrexone.

Brief periods of volatile anesthetic exposure, on par with 
a typical anesthetic, have also been shown to collapse micro-
biome diversity with reductions in protective organisms 

Fig. 3. Exogenous and endogenous routes of infection and evolving approaches to surgical site infection prevention. Traditional conceptions 
of healthcare-associated infection are hospital-centered, emphasizing the role of “exogenous” infection with bacteria newly acquired through 
contact with the hospital environment (A). Under this model, infection occurs when pathogens are transmitted from nosocomial reservoirs 
(surfaces, hands, ventilation systems, instruments) to the patient through contact that occurs in the course of clinical care. Exogenous 
sources are frequently implicated in common-source outbreaks, which attract significant attention; however, bacterial genetic analyses now 
demonstrate that, in routine clinical circumstances, the vast majority of healthcare-associated infections are “endogenous,” arising from the 
patient microbiome rather than the hospital environment (B). Under this complementary model, bacteria colonizing the patient before contact 
with the healthcare system become pathogens when procedures (1), exposures (2), and stresses (3) that occur in the hospital disrupt normal 
regulation of the microbiome. The evolution of surgical site infection prevention strategies over time (C) can be conceptualized through this 
perspective. Fio2, fraction of inspired oxygen; IV, intravenous. 

Copyright © 2022, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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Intégration dans la gestion du risque péri-opératoire



Listes de vérification - “Check-lists”



Listes de vérifica9on- “Check-lists”

• Dans les pays industrialisés, 

- la mortalité en lien avec la chirurgie serait de 0,4 à 0,8 %

- complications postopératoires graves serait de 3 à 16 %

- la moitié est considérée comme évitable

• C’est pourquoi l’OMS a lancé le programme

- “Safe surgery saves lives” 

- (la chirurgie sûre sauve des vies) 

• l’OMS a choisi de mettre en place une check-list 

- différents critères, relatifs à la sécurité du patient

- devant être vérifiés avant, pendant et après toute intervention
Haynes NEJM 2009



Check-list « sécurité du patient au bloc opératoire »

Haynes NEJM 2009

• ~ 8000 patients, établissements du monde entier

• diminution des complications

• diminution des décès

• avec le respect des items de la check-list



Check-list « sécurité du pa9ent au bloc opératoire »

• rendue obligatoire

• dans le cadre de la certification des établissements de santé en France 

• depuis le 1er  janvier 2010.



Check-list « sécurité du pa9ent au bloc opératoire »
Identification du patient

Étiquette du patient ou

Nom, prénom, date de naissance

Bloc : ………………….....…...................    Salle : ..............................................

Date d’intervention : ………...................   Heure (début) :  ......................

Chirurgien « intervenant » : ....................................................................

Anesthésiste « intervenant »  : .............................................................  

Coordonnateur(s) check-list : ................................................................

Décision concertée et motivée en cas de réponse dans une case marquée d’un *

SELON PROCÉDURE EN VIGUEUR DANS L’ÉTABLISSEMENT

Attestation que la check-list a été renseignée suite
à un partage des informations entre les membres de l’équipe

Chirurgien           Anesthésiste / IADE            Coordonnateur CL

AVANT INDUCTION ANESTHÉSIQUE

Temps de pause avant anesthésie

L’identité du patient est correcte
L’autorisation d’opérer est signée par les 
parents ou le représentant légal

L’intervention et le site opératoire sont confirmés :
 idéalement par le patient et, dans tous les 
cas, par le dossier ou procédure spécifique
la documentation clinique et para clinique 
nécessaire est disponible en salle

Le mode d’installation est connu de l’équipe 
en salle, cohérent avec le site / l’intervention 
et non dangereux pour le patient

La préparation cutanée de l’opéré est 
documentée dans la fiche de liaison 
service / bloc opératoire
(ou autre procédure en œuvre dans 
l’établissement)

L’équipement / le matériel nécessaires pour l’intervention sont 
vérifiés et adaptés au poids et à la taille du patient 

pour la partie chirurgicale

pour la partie anesthésique

Acte sans prise en charge anesthésique

Le patient présente-t-il un :
risque allergique

risque d’inhalation, de difficulté
d’intubation ou de ventilation au masque 
risque de saignement important

   Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

N/A

 Non    Oui*

 Non    Oui*

 Non    Oui*
N/A

AVANT INTERVENTION CHIRURGICALE

Temps de pause avant incision (appelé aussi time-out)

Vérification « ultime » croisée au sein de l’équipe 
en présence des chirurgiens(s), anesthésiste(s), IADE-IBODE/IDE

identité patient confirmée 
intervention prévue confirmée 
site opératoire confirmé 
installation correcte confirmée
documents nécessaires disponibles 
(notamment imagerie)

Partage des informations essentielles oralement au sein             
de l’équipe sur les éléments à risque / étapes critiques de         
l’intervention (time-out)

sur le plan chirurgical 
(temps opératoire difficile, points spécifiques de 
l’intervention, identification des matériels nécessaires, 
confirmation de leur opérationnalité, etc.)

sur le plan anesthésique

Acte sans prise en charge anesthésique 
risques potentiels liés au terrain (hypothermie, etc.) 

ou à des traitements éventuellement maintenus, etc.

L’antibioprophylaxie a été effectuée 
selon les recommandations et protocoles 
en vigueur dans l’établissement
La préparation du champ opératoire 
est réalisée selon le protocole en vigueur 
dans l’établissement

ATTENTION SI ENFANT !

 h Associer les parents à la vérification de l’identité, de l’intervention et du site opératoire. 
 h Autorisation d’opérer signée.
 h Installation, matériel et prescription adaptés au poids, à l’ ge et à la taille.
 h Prévention de l’hypothermie.
 h Seuils d’alerte en post-op définis.

1 7

8

9

2

3

4

5

6

N/A

N/A

N/A

N/A

N/A

N/R

   Oui    Non*

 Oui   Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

APRÈS INTERVENTION

Pause avant sortie de salle d’opération

Confirmation orale par le personnel auprès de l’équipe :
de l’intervention enregistrée

du compte final correct
des compresses, aiguilles, instruments, etc. 
de l’étiquetage des prélèvements, pièces 
opératoires, etc.
si des événements indésirables ou por-
teurs de risques médicaux sont survenus  : 
ont-ils fait l’objet d’un signalement / 
déclaration ?
Si aucun évènement indésirable n’est survenu       
pendant l’intervention cochez N/A

Les prescriptions et la surveillance post- 

opératoires (y compris les seuils d’alerte 
spécifiques) sont faites conjointement 
par l’équipe chirurgicale et anesthésique 
et adaptées à l’âge, au poids et à la taille 
du patient

10

11

N/A

N/A

N/A

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

Le rôle du coordonnateur de la check-list, aidé par le(s) chirur-
gien(s) et anesthésiste(s) responsables de l’intervention, est de 
cocher les items de la check-list : 1. si la vérification a bien été 
effectuée, 2. si la vérification a été faite oralement en présence 
des membres de l’équipe concernée et 3. si les réponses marquées 
d’un * ont fait l’objet d’une concertation en équipe et d’une décision 
motivée.

N/A : Non Applicable pour cette intervention ; N/R : Non Recommandé pour cette intervention

CHECK-LIST « SÉCURITÉ DU PATIENT AU BLOC OPÉRATOIRE »

Version 2018

« Vérifier ensemble pour décider »

  DÉCISION FINALE

�   GO = OK pour�incision

� ����� � NO GO = Pas d’incision 
Si No Go : conséquence sur l’intervention ?  Retard  Annulation



Check-list « sécurité du patient au bloc opératoire »

Identification du patient

Étiquette du patient ou

Nom, prénom, date de naissance

Bloc : ………………….....…...................    Salle : ..............................................

Date d’intervention : ………...................   Heure (début) :  ......................

Chirurgien « intervenant » : ....................................................................

Anesthésiste « intervenant »  : .............................................................  

Coordonnateur(s) check-list : ................................................................

Décision concertée et motivée en cas de réponse dans une case marquée d’un *

SELON PROCÉDURE EN VIGUEUR DANS L’ÉTABLISSEMENT

Attestation que la check-list a été renseignée suite
à un partage des informations entre les membres de l’équipe

Chirurgien           Anesthésiste / IADE            Coordonnateur CL

AVANT INDUCTION ANESTHÉSIQUE

Temps de pause avant anesthésie

L’identité du patient est correcte
L’autorisation d’opérer est signée par les 
parents ou le représentant légal

L’intervention et le site opératoire sont confirmés :
 idéalement par le patient et, dans tous les 
cas, par le dossier ou procédure spécifique
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risque d’inhalation, de difficulté
d’intubation ou de ventilation au masque 
risque de saignement important
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 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*
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N/A
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dans l’établissement

ATTENTION SI ENFANT !

 h Associer les parents à la vérification de l’identité, de l’intervention et du site opératoire. 
 h Autorisation d’opérer signée.
 h Installation, matériel et prescription adaptés au poids, à l’ ge et à la taille.
 h Prévention de l’hypothermie.
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spécifiques) sont faites conjointement 
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11
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N/A

N/A

 Oui    Non*
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 Oui    Non*
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Le rôle du coordonnateur de la check-list, aidé par le(s) chirur-
gien(s) et anesthésiste(s) responsables de l’intervention, est de 
cocher les items de la check-list : 1. si la vérification a bien été 
effectuée, 2. si la vérification a été faite oralement en présence 
des membres de l’équipe concernée et 3. si les réponses marquées 
d’un * ont fait l’objet d’une concertation en équipe et d’une décision 
motivée.

N/A : Non Applicable pour cette intervention ; N/R : Non Recommandé pour cette intervention

CHECK-LIST « SÉCURITÉ DU PATIENT AU BLOC OPÉRATOIRE »

Version 2018

« Vérifier ensemble pour décider »

  DÉCISION FINALE

�   GO = OK pour�incision

� ����� � NO GO = Pas d’incision 
Si No Go : conséquence sur l’intervention ?  Retard  Annulation

Mode d’emploi
« Vérifier ensemble pour décider »

La check-list HAS « Sécurité du patient au bloc opératoire » comporte les éléments indispensables et non modifiables à vérifier ensemble

et en équipe au bloc opératoire afin de prendre des décisions sur la poursuite ou non d’une intervention chirurgicale. 
Cependant, elle peut donner lieu à tous développements souhaités par les professionnels, dans le cadre de leurs collèges professionnels/organismes agréés d’accréditation.

CHECK-LIST « SÉCURITÉ DU PATIENT AU BLOC OPÉRATOIRE »                        Version 2018

AVANT INDUCTION ANESTHÉSIQUE
Temps de pause avant anesthésie

Les professionnels insistent sur l’importance de faire décliner par le 
patient son identité. Pour les patients incapables de décliner leur identité, 
la vérification est effectuée par le personnel en salle selon la procédure 
d’identitovigilance en vigueur dans l’établissement (bracelet, concordance des 
informations, personnel d’accompagnement, etc.)

L’intervention et le site opératoire sont confirmés idéalement par le patient 
et, dans tous les cas, à travers le dossier ou toute autre procédure en vigueur 
dans l’établissement (réunion de staff, fiches navette par exemple) ou recom-
mandée par les collèges professionnels de la spécialité (marquage, etc.)

L’équipe qui reçoit le patient en salle dispose des informations précisant la 
nature de l’intervention prévue et les modalités d’installation du patient et 
vérifie le choix adapté du plateau et la disponibilité des accessoires, etc.

La préparation cutanée est documentée dans la fiche de liaison service /bloc 
opératoire. La préparation est faite selon les recommandations/ procédures en 
vigueur dans l’établissement (douche ou toilette pour les patients dépendants, 
dépilation éventuelle précisant le mode).

Le personnel qualifié vérifie la disponibilité et le bon fonctionnement des 
instruments, sources d’énergie (bistouri électrique, etc.), appareils, dispositifs 
médicaux nécessaires pour l’intervention. Les procédures de vérification de 
sécurité anesthésique sont effectuées selon la réglementation par les person-
nels qualifiés en anesthésie.

L'équipe anesthésique et infirmière communique sur certains points critiques 
et adopte les mesures adéquates ; ainsi les anesthésistes s’assurent notam-
ment :

   en cas de risque d’inhalation/difficulté d’intubation/ventilation au masque, 
de la confirmation de la disponibilité de l’équipement et de l’assistance 
prévue ;
   en cas de risque de saignement important (évalué à plus de 500 ml ou 
7ml/kg en pédiatrie), de la disponibilité des documents (carte de groupage, 
RAI, etc.), des accès veineux, des produits et matériels de transfusion, etc.          
La conformité au protocole préopératoire concernant un traitement anti-
coagulant et/ou antiagrégant est vérifiée.

AVANT INTERVENTION CHIRURGICALE
Temps de pause avant incision (time-out)

Ces vérifications croisées de l’identité, de l’intervention prévue 
et du site opératoire peuvent sembler répétitives, mais elles 
sont indispensables pour améliorer la sécurité du patient au bloc 
opératoire ; ce sont les vérifications ultimes avant le début de 
l’intervention chirurgicale.
Le chirurgien vérifie également que l’installation du patient est 
cohérente avec le site/intervention chirurgicale et ne présente pas 
de danger pour le patient.
Il convient aussi de vérifier au plus tard, à ce moment de la 
procédure, la disponibilité en salle des documents cliniques et para 
cliniques nécessaires, notamment d’imagerie.

Lors de ce temps de pause préopératoire (aussi appelé time-out), 
il est également crucial de communiquer au sein des équipes 
chirurgicale, anesthésique et infirmière, sur les informations 
essentielles afin d’anticiper les éléments à risque, notamment :

   sur le plan chirurgical : pour informer tous les membres de 
l’équipe des étapes qui peuvent exposer le patient à un risque 
d’hémorragie importante, de traumatisme ou d’autres causes 
de morbidité majeure. C’est également l’occasion de revoir 
les étapes qui peuvent nécessiter un équipement spécial, des 
implants ou des préparations particulières ;

   sur le plan anesthésique : pour communiquer, si besoin, sur les 
comorbidités ou traitements en cours (AAP, anticoagulants, 
antihypertenseurs, antidiabétiques) ;

   sur le plan infirmier : le personnel doit confirmer qu’il n’y a pas 
de problème particulier avec le matériel nécessaire à l’interven-
tion (plaque de bistouri, aspiration, colonne vidéo, DM).

L’équipe vérifie que l’antibioprophylaxie, si elle est indiquée, a 
bien été effectuée selon les recommandations et protocoles en 
vigueur dans l’établissement.
C’est également à cette étape que l’on confirme la préparation 
du champ opératoire réalisée selon le protocole en vigueur dans 
l’établissement.

POINTS CLÉS POUR UN ENFANT

 h Associer les parents  la vérification de l’identité  de l’intervention     

et du site opératoire.

 h Disposer d’une autorisation d’opérer signée.

 h Prévoir une installation  du matériel et des prescriptions adaptés         

 l’ ge  au poids et  la taille

 h Prévenir l’hypothermie peropératoire. 

 h Définir des seuils d’alerte spécifiques pour la période postopératoire

1

2

3

4

5

6

7

8

9

APRÈS INTERVENTION
Pause avant sortie de salle d’opération

L’équipe confirme oralement le type de l’intervention enregistrée et, s’il 
y a lieu, le décompte correct des compresses, instruments et aiguilles, 
ainsi que l’identification des prélèvements et des pièces opératoires.
Il importe que tout problème d’équipement survenant pendant une 
intervention soit signalé, déclaré par l’équipe.

Les prescriptions pour les suites opératoires immédiates sont faites de 
manière conjointe pour la prise en charge postopératoire du patient 
(notamment, la prévention thromboembolique).
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En cas de réponse marquée d’un astérisque*  la décision prise par 

l’équipe doit tre tracée et argumentée  

La décision de demander aux professionnels d’attester de leur 
participation active au renseignement de la check-list relève des 
instances administrative et médicale de l’établissement et a pour 

seul but de favoriser l’utilisation optimale de la check-list.

À la suite des temps 1 et 2 de la check-list, la décision finale
de poursuivre ou non l’intervention est tracée et motivée.

Mode d’emploi
« Vérifier ensemble pour décider »

La check-list HAS « Sécurité du patient au bloc opératoire » comporte les éléments indispensables et non modifiables à vérifier ensemble

et en équipe au bloc opératoire afin de prendre des décisions sur la poursuite ou non d’une intervention chirurgicale. 
Cependant, elle peut donner lieu à tous développements souhaités par les professionnels, dans le cadre de leurs collèges professionnels/organismes agréés d’accréditation.

CHECK-LIST « SÉCURITÉ DU PATIENT AU BLOC OPÉRATOIRE »                        Version 2018

AVANT INDUCTION ANESTHÉSIQUE
Temps de pause avant anesthésie

Les professionnels insistent sur l’importance de faire décliner par le 
patient son identité. Pour les patients incapables de décliner leur identité, 
la vérification est effectuée par le personnel en salle selon la procédure 
d’identitovigilance en vigueur dans l’établissement (bracelet, concordance des 
informations, personnel d’accompagnement, etc.)

L’intervention et le site opératoire sont confirmés idéalement par le patient 
et, dans tous les cas, à travers le dossier ou toute autre procédure en vigueur 
dans l’établissement (réunion de staff, fiches navette par exemple) ou recom-
mandée par les collèges professionnels de la spécialité (marquage, etc.)

L’équipe qui reçoit le patient en salle dispose des informations précisant la 
nature de l’intervention prévue et les modalités d’installation du patient et 
vérifie le choix adapté du plateau et la disponibilité des accessoires, etc.

La préparation cutanée est documentée dans la fiche de liaison service /bloc 
opératoire. La préparation est faite selon les recommandations/ procédures en 
vigueur dans l’établissement (douche ou toilette pour les patients dépendants, 
dépilation éventuelle précisant le mode).

Le personnel qualifié vérifie la disponibilité et le bon fonctionnement des 
instruments, sources d’énergie (bistouri électrique, etc.), appareils, dispositifs 
médicaux nécessaires pour l’intervention. Les procédures de vérification de 
sécurité anesthésique sont effectuées selon la réglementation par les person-
nels qualifiés en anesthésie.

L'équipe anesthésique et infirmière communique sur certains points critiques 
et adopte les mesures adéquates ; ainsi les anesthésistes s’assurent notam-
ment :

   en cas de risque d’inhalation/difficulté d’intubation/ventilation au masque, 
de la confirmation de la disponibilité de l’équipement et de l’assistance 
prévue ;
   en cas de risque de saignement important (évalué à plus de 500 ml ou 
7ml/kg en pédiatrie), de la disponibilité des documents (carte de groupage, 
RAI, etc.), des accès veineux, des produits et matériels de transfusion, etc.          
La conformité au protocole préopératoire concernant un traitement anti-
coagulant et/ou antiagrégant est vérifiée.

AVANT INTERVENTION CHIRURGICALE
Temps de pause avant incision (time-out)

Ces vérifications croisées de l’identité, de l’intervention prévue 
et du site opératoire peuvent sembler répétitives, mais elles 
sont indispensables pour améliorer la sécurité du patient au bloc 
opératoire ; ce sont les vérifications ultimes avant le début de 
l’intervention chirurgicale.
Le chirurgien vérifie également que l’installation du patient est 
cohérente avec le site/intervention chirurgicale et ne présente pas 
de danger pour le patient.
Il convient aussi de vérifier au plus tard, à ce moment de la 
procédure, la disponibilité en salle des documents cliniques et para 
cliniques nécessaires, notamment d’imagerie.

Lors de ce temps de pause préopératoire (aussi appelé time-out), 
il est également crucial de communiquer au sein des équipes 
chirurgicale, anesthésique et infirmière, sur les informations 
essentielles afin d’anticiper les éléments à risque, notamment :

   sur le plan chirurgical : pour informer tous les membres de 
l’équipe des étapes qui peuvent exposer le patient à un risque 
d’hémorragie importante, de traumatisme ou d’autres causes 
de morbidité majeure. C’est également l’occasion de revoir 
les étapes qui peuvent nécessiter un équipement spécial, des 
implants ou des préparations particulières ;

   sur le plan anesthésique : pour communiquer, si besoin, sur les 
comorbidités ou traitements en cours (AAP, anticoagulants, 
antihypertenseurs, antidiabétiques) ;

   sur le plan infirmier : le personnel doit confirmer qu’il n’y a pas 
de problème particulier avec le matériel nécessaire à l’interven-
tion (plaque de bistouri, aspiration, colonne vidéo, DM).

L’équipe vérifie que l’antibioprophylaxie, si elle est indiquée, a 
bien été effectuée selon les recommandations et protocoles en 
vigueur dans l’établissement.
C’est également à cette étape que l’on confirme la préparation 
du champ opératoire réalisée selon le protocole en vigueur dans 
l’établissement.

POINTS CLÉS POUR UN ENFANT

 h Associer les parents  la vérification de l’identité  de l’intervention     

et du site opératoire.

 h Disposer d’une autorisation d’opérer signée.

 h Prévoir une installation  du matériel et des prescriptions adaptés         

 l’ ge  au poids et  la taille

 h Prévenir l’hypothermie peropératoire. 

 h Définir des seuils d’alerte spécifiques pour la période postopératoire

1

2

3

4

5

6

7

8

9

APRÈS INTERVENTION
Pause avant sortie de salle d’opération

L’équipe confirme oralement le type de l’intervention enregistrée et, s’il 
y a lieu, le décompte correct des compresses, instruments et aiguilles, 
ainsi que l’identification des prélèvements et des pièces opératoires.
Il importe que tout problème d’équipement survenant pendant une 
intervention soit signalé, déclaré par l’équipe.

Les prescriptions pour les suites opératoires immédiates sont faites de 
manière conjointe pour la prise en charge postopératoire du patient 
(notamment, la prévention thromboembolique).
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En cas de réponse marquée d’un astérisque*  la décision prise par 

l’équipe doit tre tracée et argumentée  

La décision de demander aux professionnels d’attester de leur 
participation active au renseignement de la check-list relève des 
instances administrative et médicale de l’établissement et a pour 

seul but de favoriser l’utilisation optimale de la check-list.

À la suite des temps 1 et 2 de la check-list, la décision finale
de poursuivre ou non l’intervention est tracée et motivée.

Identification du patient

Étiquette du patient ou

Nom, prénom, date de naissance

Bloc : ………………….....…...................    Salle : ..............................................

Date d’intervention : ………...................   Heure (début) :  ......................

Chirurgien « intervenant » : ....................................................................

Anesthésiste « intervenant »  : .............................................................  

Coordonnateur(s) check-list : ................................................................

Décision concertée et motivée en cas de réponse dans une case marquée d’un *

SELON PROCÉDURE EN VIGUEUR DANS L’ÉTABLISSEMENT

Attestation que la check-list a été renseignée suite
à un partage des informations entre les membres de l’équipe

Chirurgien           Anesthésiste / IADE            Coordonnateur CL

AVANT INDUCTION ANESTHÉSIQUE

Temps de pause avant anesthésie

L’identité du patient est correcte
L’autorisation d’opérer est signée par les 
parents ou le représentant légal

L’intervention et le site opératoire sont confirmés :
 idéalement par le patient et, dans tous les 
cas, par le dossier ou procédure spécifique
la documentation clinique et para clinique 
nécessaire est disponible en salle

Le mode d’installation est connu de l’équipe 
en salle, cohérent avec le site / l’intervention 
et non dangereux pour le patient

La préparation cutanée de l’opéré est 
documentée dans la fiche de liaison 
service / bloc opératoire
(ou autre procédure en œuvre dans 
l’établissement)

L’équipement / le matériel nécessaires pour l’intervention sont 
vérifiés et adaptés au poids et à la taille du patient 

pour la partie chirurgicale

pour la partie anesthésique

Acte sans prise en charge anesthésique

Le patient présente-t-il un :
risque allergique

risque d’inhalation, de difficulté
d’intubation ou de ventilation au masque 
risque de saignement important

   Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

N/A

 Non    Oui*

 Non    Oui*

 Non    Oui*
N/A

AVANT INTERVENTION CHIRURGICALE

Temps de pause avant incision (appelé aussi time-out)

Vérification « ultime » croisée au sein de l’équipe 
en présence des chirurgiens(s), anesthésiste(s), IADE-IBODE/IDE

identité patient confirmée 
intervention prévue confirmée 
site opératoire confirmé 
installation correcte confirmée
documents nécessaires disponibles 
(notamment imagerie)

Partage des informations essentielles oralement au sein             
de l’équipe sur les éléments à risque / étapes critiques de         
l’intervention (time-out)

sur le plan chirurgical 
(temps opératoire difficile, points spécifiques de 
l’intervention, identification des matériels nécessaires, 
confirmation de leur opérationnalité, etc.)

sur le plan anesthésique

Acte sans prise en charge anesthésique 
risques potentiels liés au terrain (hypothermie, etc.) 

ou à des traitements éventuellement maintenus, etc.

L’antibioprophylaxie a été effectuée 
selon les recommandations et protocoles 
en vigueur dans l’établissement
La préparation du champ opératoire 
est réalisée selon le protocole en vigueur 
dans l’établissement

ATTENTION SI ENFANT !

 h Associer les parents à la vérification de l’identité, de l’intervention et du site opératoire. 
 h Autorisation d’opérer signée.
 h Installation, matériel et prescription adaptés au poids, à l’ ge et à la taille.
 h Prévention de l’hypothermie.
 h Seuils d’alerte en post-op définis.

1 7

8

9

2

3

4

5

6

N/A

N/A

N/A

N/A

N/A

N/R

   Oui    Non*

 Oui   Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

APRÈS INTERVENTION

Pause avant sortie de salle d’opération

Confirmation orale par le personnel auprès de l’équipe :
de l’intervention enregistrée

du compte final correct
des compresses, aiguilles, instruments, etc. 
de l’étiquetage des prélèvements, pièces 
opératoires, etc.
si des événements indésirables ou por-
teurs de risques médicaux sont survenus  : 
ont-ils fait l’objet d’un signalement / 
déclaration ?
Si aucun évènement indésirable n’est survenu       
pendant l’intervention cochez N/A

Les prescriptions et la surveillance post- 

opératoires (y compris les seuils d’alerte 
spécifiques) sont faites conjointement 
par l’équipe chirurgicale et anesthésique 
et adaptées à l’âge, au poids et à la taille 
du patient

10

11

N/A

N/A

N/A

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

 Oui    Non*

Le rôle du coordonnateur de la check-list, aidé par le(s) chirur-
gien(s) et anesthésiste(s) responsables de l’intervention, est de 
cocher les items de la check-list : 1. si la vérification a bien été 
effectuée, 2. si la vérification a été faite oralement en présence 
des membres de l’équipe concernée et 3. si les réponses marquées 
d’un * ont fait l’objet d’une concertation en équipe et d’une décision 
motivée.

N/A : Non Applicable pour cette intervention ; N/R : Non Recommandé pour cette intervention

CHECK-LIST « SÉCURITÉ DU PATIENT AU BLOC OPÉRATOIRE »

Version 2018

« Vérifier ensemble pour décider »

  DÉCISION FINALE

�   GO = OK pour�incision

� ����� � NO GO = Pas d’incision 
Si No Go : conséquence sur l’intervention ?  Retard  Annulation
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 Ajustements

Critère n° 2.3-11 Les équipes maitrisent le risque infectieux en appliquant les précautions adéquates, standard et 
complémentaires.

Niveau d’exigence Passage de standard à impératif (à partir de janvier 2022).

Élément d’évaluation 
Crit.2.3-11_ee03-TCI 

Ancien intitulé : L’équipe peut assurer l’isolement des patients, si besoin. 
Ajustement impératif : L’équipe assure la mise en place des précautions complémentaires des patients, 
médicalement indiquée. 

Critère n° 2.3-12 Les équipes maîtrisent les bonnes pratiques d’antibioprophylaxie liées aux actes invasifs.

Référence supplémentaire Bilan des actions menées en santé humaine en 2020 dans le cadre de la feuille de route interministérielle 
pour la maîtrise de l’antibiorésistance.

Critère n° 2.3-13 Les équipes maîtrisent le risque infectieux lié au traitement et au stockage des dispositifs 
médicaux réutilisables.

Justificatif

Ancien justificatif : Une maîtrise de la désinfection des dispositifs médicaux réutilisables permet de 
prévenir le risque infectieux.
Justificatif proposé : Une maîtrise de la désinfection des dispositifs médicaux réutilisables permet de 
prévenir le risque infectieux. 
Le terme de dispositif médical réutilisable recouvre : 
• les DM utilisés par les unités de soins, les consultations et les blocs opératoires, conçus par leur 
fabricant pour être retraités et utilisés plusieurs fois (usage ou nombre de retraitements définis et/ou 
illimités) ; 
• les dispositifs d’anesthésie ; 
• les implants livrés non stériles (utilisés chez un patient unique) ; 
• les accessoires qui suivent le même circuit de retraitement que les DM auxquels ils sont associés ; 
• les ancillaires en prêt ou en dépôt. 

Critère n° 2.3-14 Les équipes maîtrisent le risque infectieux liés aux dispositifs invasifs en appliquant les 
précautions adéquates.

Élément d’évaluation 
Crit.2.3-14-ee07-TCI

Ancien intitulé : La pertinence du maintien du(des)dispositif(s) invasif(s) est réévaluée quotidiennement 
Ajustement proposé : Pour les dispositifs invasifs qui le requièrent (abords veineux et sondes notamment), 
la pertinence de leur maintien est réévaluée périodiquement. 

Référence supplémentaire Antisepsie de la peau saine avant un geste invasif chez l’adulte – SF2H, 2016.

Critère n° 2.3-17 Les équipes respectent les recommandations et obligations vaccinales pour les professionnels 
de santé. 

Justificatif

En se protégeant par la vaccination, les professionnels de santé réduisent les risques d’infection pour 
eux-mêmes et pour les patients en cas d’exposition. L’établissement doit ainsi assurer la promotion des 
vaccinations recommandées, la vérification des vaccinations obligatoires et plus globalement faciliter 
l’accès à la vaccination de ses professionnels. 

Élément d’évaluation 
Crit.2.3-17-ee01 

Ancien intitulé : L’établissement assure la promotion des vaccinations recommandées (coqueluche, 
rougeole et grippe saisonnière) et connaît la couverture vaccinale recommandée et la valeur de l’IQSS     
« Vaccination antigrippale ». 
Ajustement proposé : L’établissement assure la promotion des vaccinations recommandées (coqueluche, 
rougeole, grippe saisonnière) et obligatoires (hépatite B et Covid-19). 

Critère n° 2.3-19 Les équipes maîtrisent les risques liés à l’utilisation de rayonnements ionisants. 

Élément d’évaluation 
Crit.2.3-19-ee01-PAT 

Ancien intitulé : Le patient est informé des doses qu’il a reçues. 
Ajustement proposé : Le patient est informé qu'il a reçu des rayonnements ionisants et du risque sur sa 
santé.  
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Objectif 2.3 
Les équipes maîtrisent les risques liés à leurs pratiques

4.
 L

e 
gr

ou
pe

m
en

t
3.

 L
’é

ta
bl

is
se

m
en

t
2.

 L
es

 é
qu

ip
es

 d
e 

so
in

s
1.

 L
e 

pa
tie

nt

'VMXɮVIɄ������ Les équipes maîtrisent les bonnes 
pratiques d’antibioprophylaxie liées aux actes invasifs
L’antibioprophylaxie doit faire l’objet de protocoles et doit être adaptée à chaque chirurgie et acte inter- 
ventionnel. Les pratiques respectent les recommandations de bonnes pratiques les plus récentes.

 Chirurgie et interventionnel  Impératif 

Éléments d’évaluation

 Professionnels 
•  L’équipe applique les bonnes pratiques d’antibioprophylaxie.

•  Tous les secteurs disposent de protocoles d’antibioprophy-
laxie adaptés à chaque chirurgie et acte interventionnel, 
respectant les recommandations de bonnes pratiques les 
plus récentes.
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quement réalisée dès la consultation préanesthésique ou 
préopératoire et est tracée dans le dossier du patient, et 
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Protocoles affichés

Recos les plus récentes

Prescrip7on tracée

Vérifiée checklist
Moment tracée/conforme recos
Durée tracée/conforme recos

Evalua7on des pra7ques
Référents an7bio7ques/EOH



• prévenir infections du site opératoire ± infection d’organe profond selon chirurgies

• impregner le site opératoire d’antibiotiques AVANT l’incision

• spectre le plus étroit possible comprenant la flore cutanée ET du site opératoire

• molécules ”désuettes” conservant un spectre sur souches sauvages

Ex: (C1G de type cefazoline, cefamandole, cefuroxime…)

• dose unique ± réinjection(s) si chirurgie de durée longue selon 1/2 vie ATB

Principes généraux
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Actualisation de recommandations 
 

Antibioprophylaxie en chirurgie et médecine 
interventionnelle.  
(patients adultes) 

 

2018 
 
 

 

 
Comité de pilotage Société française d’anesthésie et de réanimation 
 
C. Martin (coordonnateur) (claude.martin@ap-hm.fr) 

 
C. Auboyer  
M. Boisson  
H. Dupont  
D. Fletcher 
R. Gauzit  
M. Kitzis  
M. Leone 
A. Lepape  
O. Mimoz  
P. Montravers  
J.L. Pourriat  
 
 
Chargés de bibliographie 
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https://sfar.org/mise-a-jour-de-la-rfe-antibioprophylaxie-2017/
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Propositions de protocoles 2018 = uniquement AVIS D’EXPERTS

    
 

-  réactualisation SFAR 2018 - 19 

Antibioprophylaxie en chirurgie thoracique  
(avis d’experts) 

 
La chirurgie thoracique non cardiaque peut être une chirurgie propre (classe 1 d'Altemeier) (chirurgie 
médiastinale, vidéo-thoracoscopie) ou propre contaminée (classe 2) en cas d'ouverture des bronches ou de la 
trachée. Malgré la complexité des situations, l'utilité d'une ABP n'est plus contestée aujourd'hui comme l'ont 
montré nombre d'études scientifiques validées. 
 
 
Bactéries cibles: Staphyloccoques, S. pneumoniae, H. inflenzae, bactéries à Gram négatif  

 

Acte chirurgical Produit Dose initiale Ré-injection et durée 

 Péni A + IB* 2 g IV lente Dose unique (si durée > 
2h réinjecter 1 g) 

 Céfamandole 1,5 g IV lente Dose unique (si durée > 
2h réinjecter 0,75 g) 

Exérèse pulmonaire (y compris 
chirurgie vidéo-assistée) Céfuroxime 1,5 g IV lente Dose unique (si durée > 

2h réinjecter 0,75 g) 

 Céfazoline 2 g IV lente Dose unique (si durée > 
4h réinjecter 1 g) 

 

Allergie : 
Clindamycine 
        + 
Gentamicine 

 
900 mg IV lente 
 
5 mg/kg/j 

 
Dose unique (si durée > 
à 4h, réinjecter 600 mg) 
Dose unique 

Chirurgie du médiastin 
 
Chirurgie du pneumothorax 
 
Décortication (patient non infecté) 
 
Résection pariétale isolée 

 
Céfamandole 

 
1,5 g IV lente 

 
Dose unique (si durée > 
2h réinjecter 0,75 g) 

Céfuroxime 
 

1,5 g IV lente 
 

Dose unique (si durée > 
2h réinjecter 0,75 g) 
 

Céfazoline 
 

2 g IV lente 
 

Dose unique (si durée > 
4h réinjecter 1 g) 
 

Allergie : 
Clindamycine 
        + 
Gentamicine 

 
900 mg IV lente 
 
5 mg/kg/j 

 
Dose unique (si durée > 
4h réinjecter 600 mg) 
Dose unique 

Médiastinoscopie, 
vidéothoracoscopie Pas d’ANTIBIOPROPHYLAXIE 

Trachéotomie Pas d’ANTIBIOPROPHYLAXIE 

Drainage thoracique Pas d’ANTIBIOPROPHYLAXIE 
 

* Aminopénicilline + inhibiteur des bêtalactamases 
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Le congrès
Palais des congrès de Paris

du 20 au 22 sept. 2023

 Aide-soignants 
 Analgésie 
 Cœur et hémodynamique 
  Communication, bien-être, éthique 
 Développement durable
 IADE
 IDE réanimation d’organes
 IDE situation de réanimation
 IDE SSPI 
 Infectieux 
 Jeunes 
 Maitrise des risques 
 Médecine péri-opératoire 
 Neurologie 
 Obstétrique 
  Optimisation parcours patient 
 Pédiatrie 
 Réanimation 
 Recherche
 Transfusion et hémostase 
 Traumatologie et urgences
 Ventilatoire / respiration 

AA  Articles de l’année
A  Atelier

CC  Cas clinique
CLUB  Club

CG  Comité et groupe

CO  Communications orales

COE   Communications orales 

encadrées
CR  Concours des résidents

CA   Conférence d’actualisation
CAE   Conférence d’actualisation 

et d’essentiel
CE   Conférence d’essentiel
CF  Conférence d’exception
C  Controverse

EP  ePoster

DPC  Session programme dpc

GP  Groupe sfar
HT  Hot topics
IADE  Session IADE
IDE  Session IDE
JUV  Journée urgences vitales

DEB  Live debate
ST  Session à thème
SC  Session commune

LES SESSIONS

LES PARCOURS

LE
X
IQ

UE

= Evidence-based, Methode GRADE et les Avis d’Experts sont signalés comme tels



RFE 2023 – Timing optimal

R1.1 – Il est recommandé d'administrer l'antibioprophylaxie par céphalosporine (ou ses
alternatives en cas d’allergie, hors vancomycine) au plus tôt 60 minutes avant et au plus
tard avant l'incision chirurgicale ou le début de la procédure interventionnelle pour
diminuer l’incidence d’infection du site opératoire.

GRADE 1 (accord FORT)

QuesSon :
Quand faut-il administrer l’anSbioprophylaxie pour diminuer l’incidence des infecSons du site 
opératoire ?



Steinberg Ann Surg 2009

Timing optimal

The arthroplasty patients also had a significantly lower infection rate
(Table 2). After adjustment, there was no evidence that patients who
did not receive postsurgical prophylaxis had higher infection rates
(adjusted risk odds: 1.01; 95% CI: 0.56, 1.82) Overall, there were no
statistically significant differences for any of the patterns of post-
surgical antibiotic administration compared with doses given in the
first 24 hours following the end of surgery.

DISCUSSION
In this prospective multicentered study of antimicrobial pro-

phylaxis and surgical site infection risk, we found a consistent
relationship between antimicrobial prophylaxis timing and infection
risk with a trend toward lower risk when cephalosporin and other
short infusion-time antibiotics were administered within 30 minutes
prior to incision. Although our data suggest that the optimal timing
is closer to incision than the national performance goal allows, these
data can not exclude the possibility that the observed difference
between the 1 to 30 minutes and 31 to 60 minutes was due to chance
alone. Thus our data do not on their own support moving the
national performance goal for most antibiotics from 60 minutes to
30 minutes, as advocated by some European guidelines.11 However,
the lower infection rate seen in the group closest to incision does
allay concerns that antibiotics can be administered too close to
incision.12

To our knowledge this is the largest observational study
examining the relationship between antibiotic timing and SSI risk. In
addition to being larger than the pivotal study by Classen et al,8 data
for this study were generated almost 2 decades later, during a period
of increased national emphasis on antimicrobial prophylaxis perfor-
mance measures. Antibiotics (excluding vancomycin and fluoro-
quinolones) were administered within one hour before incision in
about 80% of cases in this study compared with 35% in the Classen
study. The increased number of observations within one hour prior
to incision in the current study (2897 compared with 1009) contrib-
utes to our ability to discriminate difference in infection risk closer

FIGURE 1. Surgical site infection risk based on timing of
perioperative antibiotic dose, omitting vancomycin and fluo-
roquinolones. Annotation shows number of infections/num-
ber of operations for each time interval.

TABLE 3. Association Between Timing of Prophylaxis and Infection Risk

Timing Interval Relative to Incision Infection/N-at-Risk
Infection

Risk*
Unadjusted Relative Risk

of Infection (95% CI)

Adjusted Risk Odds Ratio for
Infection From Conditional

Logistic Regression (95% CI)†

Group 1: Vancomycin/fluoroquinolones
within 60 min or cephalosporins‡

within 30 min before incision

38/1844 2.1% Referent Group Referent Group

Group 2: Vancomycin/fluoroquinolones
61–120 min or cephalosporins‡ 31–60
min before incision

43/1796 2.4% 1.16 (0.75, 1.79), P ! 0.50 1.48 (0.92, 2.38), P ! 0.06

Group 3: Any other preincision
administration regimen

18/644 2.8% 1.36 (0.78, 2.36), P ! 0.28 1.30 (0.70, 2.41), P ! 0.39

Group 4: Post-incision 10/188 5.3% 2.58 (1.31, 5.10), P ! 0.005 2.20 (1.03, 4.66), P ! 0.02

*Test for overall association between timing and infection risk, P ! 0.04.
†Adjusted for duration of surgery and procedure type.
‡Non cephalosporin antibiotics compromised "5% of those designated to be given with short infusion times and are included.

TABLE 4. The Association Between Timing Interval and Infection for Antimicrobial Prophylaxis, Using Cephalosporins or
Other Antibiotics Designated to be Given Within 60 Minutes of Incision*

Timing Interval Relative to Incision
Infection/
N-at-Risk

Infection
Risk

Unadjusted Relative Risk
of Infection (95% CI)

Adjusted Risk Odds Ratio for
Infection From Conditional

Logistic Regression (95% CI)†

#120 min before incision or
prophylaxis not given

4/96 4.7% 2.54 (0.89, 7.21), P ! 0.07 2.11 (0.68, 6.59)

61–120 min before incision 12/489 2.4% 1.49 (0.74, 3.00), P ! 0.26 1.25 (0.57, 2.76)
31–60 min before incision 38/1558 2.4% 1.48 (0.88, 2.50), P ! 0.13 1.74 (0.98, 3.08)
0–30 min before incision 22/1339 1.6% Reference group Reference group
1–30 min after incision 4/100 4.0% 2.44 (0.86, 6.93), P ! 0.09 1.96 (0.65, 5.95)
#31 min after incision 5/74 6.8% 4.12 (1.60, 10.53), P ! 0.002 4.18 (1.37, 12.75)

*Cases receiving vancomycin or fluoroquinolones alone or in combination with cephalosporins either pre-operatively or within 3 hours postoperatively with another drug were
excluded from this analysis.

†Adjusted for duration of surgery and procedure type.

Annals of Surgery • Volume 250, Number 1, July 2009 Antimicrobial Prophylaxis and Infections

© 2009 Lippincott Williams & Wilkins www.annalsofsurgery.com | 13

Cohorte réseau de surveillance 
n = 4472 dossiers chir au hasard
céphalosporines à demi-vie courte

Optimal = dans les 30-120 minutes avant l’incision
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Results
Between Feb 21, 2013, and Aug 3, 2015, 8870 patients 
were assessed for eligibility, 3290 of whom were excluded 
(1759 because of the presence of at least one exclusion 
criterion, and 1531 declined to participate; figure 1). The 
remaining 5580 patients were randomly assigned to 
receive SAP early in the anaesthesia room (2798 patients) 
or late in the operating room (2782 patients.) Of those 
5580 randomly assigned patients, 41 (1%) did not 
undergo surgery, 22 (<1%) were younger than 18 years, 
and 342 (6%) had an invalid or missing informed consent 
form. These patients were excluded post-randomisation 
and the study continued to a total accrual of 5175 patients, 
2995 in Basel and 2180 in Aarau, for the primary 
intention-to-treat analysis (2589 in the early and 2586 in 
the late group). A small number of patients (n=64) that 
received SAP before incision and were later categorised 
as having wound class 4 were included in the intention-
to-treat analysis.

In the group that was randomly assigned to receive 
SAP in the anaesthesia room (early group), 336 (13%) 
received SAP in the operating room (late group). In the 
group that was assigned to receive SAP in the operating 
room, 363 (14%) patients received SAP in the anaesthesia 
room. Median administration time in the early group 
was 42 min (IQR 30–55) before incision and in the late 
group was 16 min (10–25) before incision. In the early 
group, 16 patients were given SAP after incision and 
22 patients did not receive the study drug. In the late 
group, 21 patients were given SAP after incision and 33 
did not receive the study drug.

All 5175 patients were followed up until discharge, and 
4596 (89%) of these were successfully followed up after 
30 days. A similar number of participants in each group 
were lost to 30-day outpatient follow-up: 293 (11%) in the 

early group and 286 (11%) in the late group. Distributions 
of patient and procedure characteristics for the 
two groups were similar (table 1).

The overall SSI rate was 5·1% (234 of 4596) in patients 
with a complete 30-day follow-up, with 113 (4·9%) of 
2296 SSI occurring in the early group and 121 (5·3%) of 
2300 SSI in the late group (table 2). About half of all SSI 
(120 of 234) were registered during the hospital stay and 
half (114 of 234) after discharge, with no significant 
difference between the two groups.

Early administration of SAP did not significantly reduce 
the risk of SSI compared with late administration (odds 
ratio [OR] 0·93, 95% CI 0·72–1·21, p=0·601). These 
results were almost identical in the IPCW analysis 
(0·93, 0·72–1·21, p=0·598; appendix). When repeating 
the intention-to-treat analysis after exclusion of the 
37 patients who had SAP administered after incision and 
those 55 received who no SAP, the results remained 
virtually unchanged (0·93, 0·71–1·21, p=0·573). Similarly, 
after exclusion of all patients who had an upgrade of their 
wound class to category 4 during surgery, the results 
remained almost identical (0·94, 0·72–1·23, p=0·667).

The as-treated analysis included 2567 patients who 
received SAP in the anaesthesia room and 2553 who 
received SAP in the operating room (OR 0·78, 95% CI 
0·59–1·04, p=0·093). The per-protocol analysis included 
2231 patients who received SAP in the anaesthesia room 
and 2190 who received SAP in the operating room (0·86, 
0·64–1·17, p=0·335). Both of these post-hoc analyses 
showed a more pronounced reduction of the odds of SSI, 
but did not provide significant evidence favouring early 
over late administration of SAP. When excluding the 
64 patients who were categorised as having wound 
class 4, the 37 patients who had SAP administered after 
incision, and the 55 who received no SAP, the as-treated 
analysis of 4469 patients revealed an OR of 0·80 (95% CI 
0·60–1·07, p=0·135).

The rates of SSI did not differ between the two groups 
for all three types of SSI (table 2). Several prespecified 
and post-hoc subgroups were examined and provided no 
evidence for a modification of the effect of early versus 
late administration of SAP (figure 2).

Because culture or non-culture-based testing is not 
mandatory according to the CDC definitions of SSI, only 
73 (61%) of 120 patients with in-hospital diagnosis of SSI 
had pathogens isolated. Table 3 shows the spectrum of 
pathogens isolated from patients with SSI. Importantly, 
the presence of multidrug-resistant pathogens in patients 
with SSI was extremely low at both study sites.

There were no significant differences between 
randomisation groups for the secondary endpoints 
all-cause 30-day mortality, and median length of hospital 
stay (table 2).

Discussion
To our knowledge, this is the first randomised trial 
examining the effect of different SAP timings on the 

SAP in anaesthesia 
room, early 
administration 
(n=2296)*

SAP in operating 
room, late 
administration 
(n=2300)*

Odds ratio 
(95% CI)

p 
value†

Primary outcome

Surgical site infection 113 (5%) 121 (5%) 0·93 (0·72–1·21) 0·601

Superficial incisional infection 48 (2%) 55 (2%) 0·87 (0·59–1·29) 0·491

Deep incisional infection 23 (1%) 20 (1%) 1·15 (0·63–2·11) 0·642

Organ space infection 42 (2%) 46 (2%) 0·91 (0·60–1·39) 0·673

Secondary outcomes

All-cause 30-day mortality 29 (1%) 24 (1%) 1·21 (0·70–2·09) 0·485

Median length of hospital stay, days 5·1 (3–9) 5·0 (3–10) NA 0·375

Data are n (%) or median (IQR). For the secondary outcome all-cause 30 day mortality, the complete case set numbers 
were 2301 in the early and 2306 in the late group. For the secondary outcome median length of hospital stay, the 
complete case set numbers are equal to the total study population (ie, 2589 for the early group and 2586 for the late 
group). SAP=surgical antimicrobial prophylaxis. NA=not applicable. *These numbers represent the complete case set 
(ie, the numbers of cases with complete 30-day follow-up). †p values for binary outcomes are Wald p values from 
logistic regression and for length of stay from a Wilcoxon (Mann–Whitney) rank-sum test. 

Table 2: Effect of early vs late administration of surgical antimicrobial prophylaxis on primary and 
secondary outcomes in the intention-to-treat analysis

précoce
42 min 
(30–55) 

avant incision

tardive
16 min 
(10–25)

avant 

Essai randomisé contôlé
Suisse
n = 5580 
InjecXon précoce vs. tardive C3G

Malgré demi-vie courte des C3G, pas de supériorité de l’injection plus proche de l’incision que 30 minutes
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review and meta-analysis, all identified studies were observation-
al. No randomized studies have been performed on this topic. As
a result, design and outcome measures differed limiting inclusion
in the meta-analysis, the comparing groups were of unequal size
and, while included data are adjusted for measured confounders,
model building strategies, and the variables adjusted for varied
across studies. Although important variables such as procedure
duration, procedure type, andwound classification were included
in the majority of the studies, they were not in all. In addition,
regardless of the variables included in the models, there is always
a risk of unmeasured residual confounding. Therefore inferences
on these data are strictly associational, not causal. Also, some of
the retrieved evidence is over 20 years old and preferred agents
and minimally inhibitory concentrations may have changed.
Lastly, among the included studies a substantial heterogeneity
was apparent with regard to the antibiotic regimen: all studies

used multiple agents with varying half-lives; all studies reported
the time of administration, but information on infusion time was
lacking in many resulting in the exclusion of all studies that did
not differentiate agents with prolonged infusion times such as
vancomycin from fast infusing antibiotics such as cephalosporins;
the duration of the procedure and re-dosing protocol varied;
when a re-dosing protocol was applied, it was based on the
duration of the procedure rather than on the time after the first
dose, thus leading to a high risk of inadequate re-dosing; and
postoperative antibiotic duration was not the same. These are all
aspects that potentially influence the effect of timing of SAP on
SSI and thereby impede the results. However, despite these
limitations, the present systematic review is the first and only to
address all the available data on this topic using meta-analysis to
aggregate the evidence and GRADE methodology to assess its
quality in order to find an evidence-based answer to this issue.

Figure 3. Meta analyses (A) Comparison 1: administration of surgical antibiotic prophylaxis post- versus pre- incision. (B) Comparison 2: Administration of surgical
antibiotic prophylaxis more than 120 min prior to incision versus within 120 min prior to incision. (C) Comparison 3a: Administration of surgical antibiotic prophylaxis
120–60 min prior to incsision versus 60–0 min prior to incision.

∗
Crude unadjusted data were used in the meta analyses. (D) Comparison 3b: Administration of
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a result, design and outcome measures differed limiting inclusion
in the meta-analysis, the comparing groups were of unequal size
and, while included data are adjusted for measured confounders,
model building strategies, and the variables adjusted for varied
across studies. Although important variables such as procedure
duration, procedure type, andwound classification were included
in the majority of the studies, they were not in all. In addition,
regardless of the variables included in the models, there is always
a risk of unmeasured residual confounding. Therefore inferences
on these data are strictly associational, not causal. Also, some of
the retrieved evidence is over 20 years old and preferred agents
and minimally inhibitory concentrations may have changed.
Lastly, among the included studies a substantial heterogeneity
was apparent with regard to the antibiotic regimen: all studies

used multiple agents with varying half-lives; all studies reported
the time of administration, but information on infusion time was
lacking in many resulting in the exclusion of all studies that did
not differentiate agents with prolonged infusion times such as
vancomycin from fast infusing antibiotics such as cephalosporins;
the duration of the procedure and re-dosing protocol varied;
when a re-dosing protocol was applied, it was based on the
duration of the procedure rather than on the time after the first
dose, thus leading to a high risk of inadequate re-dosing; and
postoperative antibiotic duration was not the same. These are all
aspects that potentially influence the effect of timing of SAP on
SSI and thereby impede the results. However, despite these
limitations, the present systematic review is the first and only to
address all the available data on this topic using meta-analysis to
aggregate the evidence and GRADE methodology to assess its
quality in order to find an evidence-based answer to this issue.
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There was no significant difference in the risk of surgical site
infection comparing 120–60 minutes versus 60–0 minutes (OR:
1.22; 95%CI: [0.92–1.61]; Table 2, Fig. 3C). When timing
intervals within the last 60 minutes prior to incision, 60–30
minutes versus 30–0 minutes, were compared there was also no
significant difference (OR: 1.07; 95%CI: 0.53–2.17; Table 2,
Fig. 3D). However, results of individual studies were contra-
dictive and considerable heterogeneity was apparent (I2=85%).
When antibiotic prophylaxis was administered after incision the
risk of a surgical site infection was almost twice as high (OR:
1.89; 96%CI: [1.05–3.40]; Table 2, Fig. 3A) as compared to
administration before incision and resulted in 25 more infections
per 1000 treated patients (from 1 more to 65 more).
Administration of AP more than 120 minutes prior to incision
increased the risk of SSI more than 5 times as compared to
administration within 120 minutes (OR: 5.26; 95%CI:
3.29–8.39; Table 2, Fig. 3B).

3.6. Publication bias

Funnel plots are presented in Appendix 4, http://links.lww.com/
MD/B734. None of the analyses reached the minimally required
10 included studies for adequate assessment of publication bias.
As a result no conclusions can be drawn on the presence or
absence of publication bias.

3.7. Grade assessment

GRADE tables with full assessment of the individual compar-
isons are presented in Table 4. Overall the quality of evidence was
very low to moderate due to imprecision, inconsistency and large
effect.

4. Discussion

The quality of the retrieved evidence was assessed with the use of
GRADE methodology. Overall, moderate to low quality of

evidence shows that administration of SAP more than 120
minutes prior to incision, or after incision respectively, is
associated with a higher risk of SSI as compared with
administration within 120 minutes prior to incision. Within
these time limits, no significant difference between timing
intervals for SAP administration was demonstrated.
Guidelines and quality control programs have adopted a 60-

minute interval for SAP, but the origin of this 60-minute interval
is arbitrary. The first published guideline[29] that describes this
interval refers to a pharmacokinetic study[30] and a paper
investigating the combined results of 2 randomized controlled
clinical trials on multidose versus single dose prophylaxis.[31]

However, this studywas not designed to assess the optimal timing
of SAP and very little details about the data and methods are
reported. The first clinical study designed to investigate the
relevance of timing described the least infections when antibiotic
prophylaxis was administered within 120 minutes prior to
incision.[4] Regardless of the effect, there was no significant
difference with administration 180minutes after incision.[4] Since
then many efforts have been made to define an optimal timing
interval within 120 minutes with contradictive results. Some
studies suggest that administration of SAP should be within 30
minutes of first incision, whereas other studies have demonstrated
an optimal interval between 75 and 30 minutes,[5,6] or describe
no relationship at all between timing of SAP and SSI.[7] Although
the 60-minute interval is part of daily practice and an important
aspect of quality control, not 1 prospective study has confirmed
its superiority and a strong evidence based substantiation for its
use is lacking.[32,33] In the current systematic review, we
aggregate all the available evidence to find an evidence-based
answer to the issue of optimal timing of preoperative SAP.
The limitations of the present study are generally allocated to

the individual studies. The risk of SSI is a complex and
multifactorial problem and therefore prone to confounding.
Especially when assessed in observational studies where no
randomization is in place to evenly distribute known and
unknown confounders across study groups. In this systematic

Figure 2. Visualization of results. The table provides a visualization of our findings from all the studies reporting adjusted odds ratios. The vertical dotted line
represents the time of first incision. The field to the left of it represents timing prior to first incision, to the right timing after first incision. Blue-bordered fields represent
the authors’ best timing interval. Blue fields without borders represent timing intervals that do not differ significantly from the reported best interval. Red fields
represent intervals with a significant higher risk of SSI.
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293.7 minutes (AUC ¼ 0.762); this result reflects the optimal
window for administration of vancomycin before an incision to
reduce the risk of infection. Indeed, administration of antibiotics
<25 minutes before incision significantly predicted infection (OR
3.162, 95% CI, 1.765–5.663; Table 2). Procedure time also impacts
infection; specifically, a longer procedure time (linear term) and a
procedure time within a specific range (quadratic term) were pre-
dictive of infection. In addition, we also found that scheduled surgery
coupled with a longer procedure time increased risk of infection
(interaction term).

When examining patients receiving cefazolin, infection was
not significantly associated with the administration within the 0 to
the 60-minute time frame (P ¼ 0.1333) or continuously measured
time of administration (P ¼ 0.5658). However, multivariate logistic
regression revealed that administering cefazolin outside of the 60-
minute time frame before incision was significantly predictive of
infection (Table 3; P ¼ 0.0492). Interestingly, surgical service was

predictive infection as well. In particular, within the multivariate
model, cardiac surgery, otolaryngology, plastic surgery, urology, and
orthopedic surgery were predictive of a decreased infection risk with
respect to vascular surgery (reference group; see Table 2). As with the
vancomycin model, again procedure time influences infection risk;
in particular longer procedure times (linear term) and procedure
times within a certain time window (quadratic term) were predictive
of infection.

SSI-related Cost of Care
Hospital-level cost of care for patients receiving vancomycin

infusion time outside of standard administration times and having
subsequent SSI were analyzed and compared with patients with
standard infusion time and no SSI. A matched cohort (n ¼ 88) of
patients matched by sex, age, length of stay (P¼ 0.3531), the dose of
preoperative vancomycin received (P ¼ 0.8420), and number of
medical comorbid conditions (P ¼ 0.9539) was examined. Although
costs were accumulated for significantly longer in the uninfected
cohort (420 vs 325 days, P ¼ 0.0260), patients who had SSI, and
initiation of vancomycin infusion too close to incision, had a 3.47
million USD increase in total cost of care (208% the cost of
uninfected patients, P < 0.001). The daily cost of care was also
dramatically increased (342% of the daily cost of care vs uninfected
patients, P < 0.001) (Fig. 4).

Implementation of an Algorithm to Improve
Vancomycin Infusion Start Time

Subsequent to initiation of the quality improvement algorithm
(Appendix 1A and 1B, http://links.lww.com/SLA/B507), average
infusion time improved 257% (45.6 min preimplementation,

TABLE 1. Multivariate Analysis for Vancomycin Infusion Time
and Infection Risk

Variable P Odds Ratio 95% CI

Infusion time (linear) <0.001 0.974 0.962–0.987
Infusion time (quadratic) 0.031 1.000082 1.000008–1.00156
Procedure length (linear) 0.007 2.091 1.228–3.561
Procedure length (quadratic) 0.008 0.919 0.862–0.979
Scheduled surgery " procedure

length
0.011 1.657 1.123–2.445

Odds ratios and 95% CI listed for significant predictors of infection in multivariate
model.

TABLE 2. Odds Ratios of Infection Risk Based on Preoperative
Vancomycin Administration Window

Administration window P Odds Ratio 95% CI

Infusion between 60 and
120 min before incision

0.272 1.434 0.754–2.730

Infusion no later than
15 min from incision

<0.001 4.236 2.318–7.740

Infusion no later than
25 min from incision#

<0.001 3.162 1.765–5.663

Odds rations and 95% CI based on univariate regression analysis.
#Represents optimal administration cutoff from multivariate regression model.

FIGURE 3. Minimal protocol breach for vancomycin infusion is
acceptable; however, infusion too close to incision predicts SSI.
Percentage of patients with infection based on infusion time
before incision. Vancomycin cohort divided by either estab-
lished national guidelines (<60 min vs 60–120 min) or optimal
threshold identified in this study (<25 min vs >25 min).
#Significant difference between infection rates between brack-
eted groups (P < 0.05). No other significant differences
observed between groups.

TABLE 3. Multivariate Analysis for Cefazolin Infusion Time
and Infection Risk

Variable P Odds Ratio 95% CI

Infusion within 60 min of incision 0.048 0.494 0.246–0.993
Procedure length (linear) <0.001 3.075 2.289–4.131
Procedure length (quadratic) <0.001 0.916 0.884–0.949
Scheduled surgery <0.001 3.980 2.750–5.759
Surgical service
Vascular Surgery (ref)

Cardiac surgery <0.001 0.132 0.046–0.376
Otolaryngology 0.008 0.179 0.050–0.636
Orthopedic surgery 0.001 0.302 0.144–0.632
Plastic surgery 0.006 0.168 0.047–0.600
Urology 0.005 0.116 0.026–0.518

Odds ratios and 95% CI listed for significant predictors of infection in multivariate
model.
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time of administration (P ¼ 0.5658). However, multivariate logistic
regression revealed that administering cefazolin outside of the 60-
minute time frame before incision was significantly predictive of
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predictive infection as well. In particular, within the multivariate
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vancomycin model, again procedure time influences infection risk;
in particular longer procedure times (linear term) and procedure
times within a certain time window (quadratic term) were predictive
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patients, P < 0.001) (Fig. 4).
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vancomycin between 61and 120 min before incision, 48 of 700
(6.9%) patients who received vancomycin between 121 and 180
min before incision and 21 of 269 (7.8%) patients who received
vancomycin >180 min before incision. There was no difference in
isolation of Gram-positive compared with Gram-negative organ-
isms based on timing of vancomycin.

Logistic regression analysis

Descriptive characteristics of study patients and their relationship
to SSI are shown in Table 2. Variables with a P value <0.2

included in the logistic regression analysis included the demo-
graphics variables age, gender and race; past medical history
variables atherosclerosis, coronary artery disease, chronic
obstructive pulmonary disease and diabetes; and surgical vari-
ables non-elective surgery and type of surgery. In the final model,
gender, underlying coronary artery disease, chronic obstructive
pulmonary disease and CABG surgery with leg vein graft were
not statistically significant and were excluded from the model.
After controlling for these covariates, the results of two timing
groups were significant in relation to the group that received
vancomycin between 16 and 60 min. Compared with this group,
patients who received vancomycin between 0 and 15 min
before surgery had the highest risk of SSI (OR = 11.6; 95%
CI = 2.6–52.4; P = 0.0014) followed by patients who received
the antibiotics between 121 and 180 min before surgery (OR = 2.6;
95% CI = 1.1–6.2l; P = 0.037). Although not statistically sig-
nificant, patients who received vancomycin between 61 and
120 min before the start time of surgery (OR = 2.2; 95%
CI = 0.99–5.09; P = 0.056) or more than 180 min before
the start time of the surgery (OR = 2.3; 95% CI = 0.82–5.62;
P = 0.12) also had a higher risk of SSI compared with the group
that received vancomycin between 16 and 60 min.

Sensitivity analysis

The associations between different vancomycin prophylaxis tim-
ing and the risks of surgical site infection estimated from a
Heckman two-stage model were very close to the results of
the original logistic analysis (Table 3). Theta (error estimate
added as an additional regressor in the second stage) was not
statistically significant in the second stage logistic model, which
suggested that the treatment selection model (first stage model)
had been fully adjusted for selection bias by the explanatory
variables included in the model. Using this model, the unknown
or unobserved confounding factors had little or no effect on
assigning patients to different study groups.

Discussion

Early studies of antibiotic prophylaxis often failed to show efficacy
due to the fact that antibiotics were started after surgery had been
completed.13 The seminal study to investigate the relationship
between the appropriate timing of antibiotic prophylaxis and sur-
gical wound infections was performed by Classen et al.9 In this
study, 2847 patients undergoing clean or clean-contaminated sur-
gery were prospectively monitored for the timing of antibiotic
prophylaxis and the incidence of SSI. The study demonstrated

Table 3. Sensitivity analysis results

Time of
vancomycin
administration

Odds ratio
from original

analysis (95% CI)

Odds ratio from
two-stage Heckman
model (95% CI)

0–15 min 11.6 (2.6–52.4) 10.7 (5.1–22.5)
16–60 min 1 1
61–120 min 2.3 (0.98–5.61) 2.2 (1.4–2.3)
121–180 min 2.6 (1.1–6.2) 2.3 (1.5–3.5)

>180 min 2.1 (0.82–5.62) 1.9 (1.2–3.1)

Table 2. Characteristics of study populations in relation to risk for
surgical site infections (SSI)

95% CI

Variable SSI OR lower upper P value

Demographics
Age, years 0.19
infected 63 – 12
not infected 65 – 12

Gender, female 1.27 0.92 1.75 0.15
Race
Caucasian 1.00 <0.001
African-American 1.01 0.88 2.50
Hispanic 1.48 0.60 1.68
other 0.15 0.03 0.19

Past medical history
Angina 1.25 0.82 1.92 0.31
Atherosclerosis 2.07 1.35 3.17 <0.01
Coronary artery disease 1.38 0.85 2.23 0.18
Congestive heart failure 1.49 1.09 2.05 0.01
Chronic obstructive

pulmonary disease
0.64 0.36 1.14 0.12

Diabetes mellitus 1.62 1.19 2.22 <0.001
Hypertension 0.86 0.62 1.20 0.37
Leukaemia/lymphoma 2.05 0.56 7.46 0.29
Obesity 1.09 0.68 1.75 0.73
Peripheral vascular disease 1.31 0.63 2.70 0.47
Transplant 2.86 0.49 16.61 0.26
Solid organ cancer 0.52 0.08 3.61 0.50

Surgical variables
NNIS score = 2 1.20 0.82 1.75 0.36
Operation duration (min) 0.44
infected 221 – 94
not infected 215 – 91

Non-elective surgery 0.48 0.20 1.20 0.10
Surgery type
valve replacement 1.00 <0.001
CABG with leg vein 0.88 0.61 1.27
CABG without leg vein 2.69 1.88 3.85

Surgery time
first case 1.00 0.52
second case 1.54 0.80 2.97
third case 1.35 0.63 2.90
fourth case 1.74 0.84 3.60
other time 1.82 0.86 3.82

NNIS, National Nosocomial Infection Surveillance.

Garey et al.
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RFE 2023 - réinjec9ons

Question : Faut-il réadministrer une ou plusieurs nouvelle(s) dose(s) d’antibioprophylaxie en cours 
de procédure (et quand ?) pour diminuer l’incidence des infections du site opératoire ?

R1.3.1 – Il est recommandé de réadministrer une à plusieurs dose(s) peropératoire(s) d’antibioprophylaxie en
cas de prolongation de la chirurgie ou de l’acte interventionnel pour diminuer l’incidence d’infection du site
opératoire.

GRADE 1 (accord FORT)
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Réinjections

dose after initial preoperative SAP administration18,35 to strict
definitions based on the half-life of the administered agent17,23 or
a set time for any agent. One study also included blood loss
exceeding 1500ml in the definition.23 Like with the RCTs, set point
for timing of redosing varied between initial preoperative SAP
administration17,18,23,36,38 or timing of incision.22,35 One study did
not report on the set point for timing of redosing.37 Six studies
reported redosing strategies that resulted in administration within 2
half-lives after initial SAP administration,17,23,33,34,36,38 3 did
not,18,22,35 and 1 study provided insufficient information for this
assessment.37

The number of covariates adjusted for in the analysis of
observational studies ranged from 237 to 18.17 Most studies adjusted
for complexity of the procedure (operating time, procedure type,
ASA). One study reported 2 models. We used the model based on
covariates from baseline characteristics similar to the other studies.

One study compared redosing to no redosing or late redosing.17 Late
redosing constituted 1.46% of the study population.

Primary and Secondary Outcomes
All included articles reported a quantitative analysis of the

effect of redosing on the incidence of SSI. Several observational
studies reported >1 effect estimate because of interaction or sub-
group differences.18,22 All investigated subpopulations met our
inclusion criteria and were included in the primary analysis with
their combined estimate when available, or as 2 separate estimates
when a combined estimatewas not reported. No study reported any of
the secondary outcomes set for this systematic review.

Meta-Analyses
Forest plots are presented in Figure 2. Meta-analyses were

stratified per study types. Meta-analysis of 2 RCTs resulted in a

TABLE 2. Half-Life of Antibiotics in Adults With a Normal Renal Function5

Antibiotic Antibiotic Class Recommended Dose Half–Life, h

Ampicillin þ sulbactam Penicillin 3 g 0.8–1.3
Cefazolin First-generation cephalosporin 2 g 1.2–2.2
Cefuroxime Second-generation cephalosporin 1.5 g 1–2
Cefotaxime Third-generation cephalosporin 1 g 0.9–1.7
Cefoxitin Second-generation cephalosporin 2 g 0.7–1.1
Clindamycin Macrolide 900 mg 2–4
Ciprofloxacin Quinolone 400 mg 3–7
Levofloxacin Quinolone 500 mg 6–8
Piperacillin-tazobactam Penicillin 3.375 g 0.7–1.2
Vancomycin Glycopeptide 15 mg/kg 4–8
Metronidazole Other 1 g 6–8

FIGURE 2. Forest plot of meta-analysis. Footprint Figure 2: Two studies reported 2 [A and B) effect estimates because of interaction
or subgroup differences.
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Meta-analyse 
9470 patients
2 essais randomisés contrôlés 8 études de cohorte
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TABLE 3. GRADE Summary of Findings Table

Certainty Assessment no of Participant Effect

No. of
studies

Study
Design

Risk
of Bias Inconsistency Indirectness Imprecision Other Biases

SSI Additional
Intraoperative

Redosing of SAP

SSI Preoperative
Single-dose
Prophylaxis

Relative
Effect

(95% CI)

Absolute
Effect

(95% CI)

Certainty of
Evidence
(GRADE) Importance

Surgical site infections—randomized controlled trials
2 Randomized

controlled
trials

Serious No No Serious No other biases 22/372 (5.9%) 41/270 (15.2%) OR 0.47
(0.19–1.16)

74 Fewer per
1.000 (119 fewer

to 20 more)

"" LOW CRUCIAL

Surgical site infections—observational cohort studies
8 Observational

cohort
studies

Serious No No No Publication bias
suspected; residual
confounding may
cause underestimation

NA NA OR 0.55
(0.38–0.79)

NA " VERY LOW CRUCIAL
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de 74 à 119 ISO en moins pour 1000 patients si on réinjecte vs. non 



RFE 2023 : réinjections

Question : Faut-il réadministrer une ou plusieurs nouvelle(s) dose(s) d’antibioprophylaxie en cours 
de procédure (et quand ?) pour diminuer l’incidence des infections du site opératoire ?

R1.3.1 – Il est recommandé de réadministrer une à plusieurs dose(s) peropératoire(s) d’antibioprophylaxie en
cas de prolongation de la chirurgie ou de l’acte interventionnel pour diminuer l’incidence d’infection du site
opératoire.

GRADE 1 (accord FORT)
R.1.3.2 – Il est probablement recommandé de réadministrer cette (ces) dose(s) peropératoire(s), de la moitié
de la dose initiale, toutes les deux demi-vies de l’antibiotique utilisé pour diminuer l’incidence d’infection du
site opératoire, soit durant la période peropératoire :

- toutes les 2 heures pour la céfoxitine (1g), le céfuroxime (0,75g) et l’amoxicilline/clavulanate (1g)

- toutes les 4 heures pour la céfazoline (1g) et la clindamycine (450mg)

- toutes les 8 heures pour la vancomycine (10mg/kg).

Du fait de leur demi-vie très longue, la gentamicine, le métronidazole et la téicoplanine ne nécessitent pas de
réinjection peropératoire.

GRADE 2 (accord FORT)



Intervalles de réinjections

Intervalle protocolisé selon données PK/PD

• 4 heures pour la céfazoline
de Jonge Ann Surg 2021

Morita Surg Today 2005

Zhang Can J Infect Control 2015

Kasatpibal Surg Infect 2017

Zhang Ann Transl Med 2019

• 2 à 3 heures pour le céfuroxime

Bertschi World J Surg 2019

OR= 0,53 (0,48-0,65) – I2 31%

Intervalle non protocolisé selon PK/PD

Wolfhagen Ann Surg 2022

OR 0,69 (0,41-1,14) – I2 59%



RFE 2023 - Durée

Question : Combien de temps faut-il administrer l’antibioprophylaxie pour diminuer l’incidence 
des infections du site opératoire ?

R1.4 – Il n’est pas recommandé, dans la très grande majorité des cas (et hors exceptions
mentionnées dans chaque tableau), de prolonger l’administration de l’antibioprophylaxie au-delà
de la fin de la chirurgie pour diminuer l’incidence d’infection du site opératoire.

GRADE 1 (accord FORT)



• 28/33 méta-analyses 

• 8/9 essais cliniques randomisés contrôlés

• ont rapporté l’absence de supériorité d’une administration prolongée (plus de 24 h) 

• par rapport à une administration courte (moins de 24 h)

Durée



De Jonge Lancet Inf Dis 2020

Durée (méta-analyse toutes chirurgies) 

Articles

www.thelancet.com/infection   Vol 20   October 2020 1187

(Figure 2 continues on next page)

Adherent to best standards of practice
Buckley et al (1990)
Mann and Maurer (1990)
Balbo et al (1991)
Turano (1992)
Liberman et al (1995)
Scher (1997)
Lindeboom et al (2003)
Mui et al (2005)
Su et al (2005)
Mohri et al (2007)
Becker et al (2008)
Hellbusch et al (2008)
Kang et al (2009)
Suzuki et al (2011)
Imamura et al (2012)
Hussain et al (2012)
Lyimo et al (2013)
Shaheen and Akhtar (2014)
Orlando et al (2015)
Campos et al (2015)
Westen et al (2015)
Loozen et al (2017)
Crist et al (2018)
Kim et al (2017)
Subtotal  (I2<0·1%, χ2 p=0·78)
Not adherent to best standards of practice
Sgroi et al (1990)
Aberg and Thore (1991)
Garotta and Pamparana (1991)
Olak et al (1991)
Tsang et al (1992)
Bates et al (1992)
Meijer and Schmitz (1993)
Nooyen et al (1994)
Cartana et al (1994)
Kow (1995)
Jiang et al (2004)
Irato et al (1997)
Hall et al (1998)
Unemura et al (2000)
Cioaca et al (2002)
Rajan et al (2005)
Fujita et al (2007)
Tamayo et al (2008)
Danda et al (2010)
Rajabi-Mashhadi et al (2012)
Haga et al (2012)
Wahab et al (2013)
Abro et al (2014)
Regimbeau et al (2014)
de Santibañes et al (2018)

0·69 (0·10–4·77)
1·19 (0·50–2·78)
0·66 (0·19–2·34)
1·42 (0·88–2·30)
0·17 (0·02–1·38)
0·92 (0·45–1·89)
0·50 (0·05–5·27)
0·78 (0·29–2·12)
1·01 (0·06–16·08)
0·91 (0·52–1·61)
1·75 (0·60–5·10)
0·40 (0·08–2·04)
0·67 (0·12–3·69)
0·93 (0·47–1·82)
1·97 (0·86–4·48)
0·95 (0·38–2·42)
1·33 (0·64–2·76)
1·20 (0·39–3·68)
0·50 (0·05–5·48)
0·22 (0·03–1·73)
1·53 (0·57–4·13)
1·90 (0·18–20·47)
0·46 (0·17–1·30)
1·02 (0·26–3·96)
1·04 (0·85–1·27)

0·76 (0·27–2·14)
1·76 (0·76–4·06)
1·44 (0·24–8·57)
4·95 (0·24–101·82)
0·87 (0·06–13·58)
1·02 (0·70–1·48)
1·00 (0·72–1·38)
0·49 (0·19–1·30)
0·19 (0·02–1·50)
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comparing continuation of antibiotic prophylaxis after 
surgery for different durations did not provide conclusive 
evidence that surgical site infections were prevented by 
longer continuation of postoperative antibiotic prophylaxis 
(table 1). Forest plots of the individual meta-analyses are 
presented in the appendix (pp 15–20).

24 studies (17 included in the primary analysis) described 
possible harmful effects or adverse events related to surgical 
antibiotic prophylaxis (appendix p 21). Of these, 18 studies 
could not attribute adverse events to antibiotic use in both 
the intervention and control groups. The remaining six 
studies reported increased adverse events in the groups with 
prolonged regimens. Of these, one study reported increased 
cases of C difficile infection in the prolonged postoperative 
continuation group. The other studies reported an increased 
frequency of rash and pruritus, erythema, phlebitis, hypo-
tension, gastro intestinal disturbance (including nausea and 
diarrhoea), and unspecified local and systemic side-effects 
with postoperative continuation of antibiotic prophylaxis. 
No study reported on antimicrobial resistance. Owing to 
heterogeneity between studies in the comparisons made and 
the outcomes measured, no meta-analysis could be done of 
adverse effects.

Five studies (four included in our primary analysis) 
addressed cost-effectiveness and reported a cost increase 
associated with longer antibiotic prophylaxis regimens, 
in some cases as a result of treatment for side-effects and 
hospitalisation time in addition to prophylaxis treatment, 
which varied from US$36·90 to $78·95 (appendix p 22). 
None of these studies calculated costs associated with the 
emergence of antimicrobial resistance. All five studies 
were done in high-income countries (Australia, Italy, 
Taiwan, and the USA).

A summary of our risk of bias evaluations with the 
Cochrane tool is presented in figure 3, and the full 
evaluations are provided in the appendix (pp 23–28). 
Many assess ments had unclear risk of bias, and some 
assessments were of high risk of bias. No funnel plot 
asymmetry was detected for the comparison of continued 
postoperative antibiotic prophy laxis (any duration) with 

Sadraei-Moosavi et al (2017)
Chauhan et al (2018)
Maier and Strutz (1992)
Subtotal  (I2=10·3%, χ2 p=0·31)

Overall  (I2=0·7%, χ2 p=0·46)

1·00 (0·06–15·70)
1·71 (0·29–10·05)
NA
0·79 (0·67–0·94)

0·89 (0·79–1·00)

 1/76
 3/98
 0/53
 296/5078
 
492/9726

Postoperative
discontinuation

 1/76
 2/112
 0/53
 364/4995
 
   550/9547

Weight, %

 0·19
 0·46
 0·00
 63·37
   100·00

Relative risk 
(95% CI)

Postoperative
continuation

Favours postoperative
continuation

Favours postoperative 
discontinuation

1·00·1 10·0

Figure 2: Relative risk of surgical site infection with postoperative continuation versus immediate discontinuation of antibiotic prophylaxis
The figure shows the pooled estimate from 52 RCTs that compared the effect of postoperative continuation of antibiotic prophylaxis with its immediate discontinuation on the risk of surgical site 
infection, overall and by adherence to best practice standards of surgical antibiotic prophylaxis. Solid diamonds and horizontal lines represent point estimates and corresponding 95% CIs of the individual 
studies. Shading around each point represents study weight. Transparent diamonds represent the overall estimate and 95% CI. Full citations are in the appendix (pp 30–36). RR=relative risk. 
NA=not available.

Figure 3: Risk of bias in the included studies
Risk was defined according to the Cochrane Collaboration’s tool for assessing risk of bias in RCTs (full criteria in 
appendix p 2).21
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Figure 4: Funnel plot for the primary analysis of postoperative continuation 
versus immediate discontinuation of antibiotic prophylaxis
Effect estimates of the different studies (blue dots) are shown against their precision 
(standard error). Contours represent levels of statistical significance, derived from 
the two axes of the plot.25 Asymmetry across the vertical midline, representing the 
overall effect estimate of the meta-analysis, indicates publication bias. The plot 
shows a symmetrical distribution and no indication of publication bias.
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• Exemple RCT en chirurgie d’exérèse pulmonaire

Oxman, JAMA Surg. 2013

Durée (RCT)

Randomisée / prospective / n>200 / post 2000

cefazoline, n (%)

Complications infectieuses 48h
(n = 121)

per-op
(n = 124) p

1. Composite ( = 2+3+4) 13 (10.7) 8 (6.5) 0.26

2. ISO 6 (5.0) 5 (4.0) 0.77

3. Pneumonie post-op 7 (5.8) 3 (2.4) 0.21

4. Empyème 1 (0.8) 0 (0) 0.49

5. Colite C. diff. 0 (0) 0 (0)

Oxman, JAMA Surg. 2013



Obèses

Question : Faut-il modifier les modalités de l’antibioprophylaxie chez le patient obèse pour 
diminuer l’incidence des infections du site opératoire ?

R1.5 – Il n’est probablement pas recommandé d’augmenter la dose unitaire de céphalosporine
utilisée en antibioprophylaxie chez le patient obèse pour diminuer l’incidence d’ISO en dehors de
cas particuliers (IMC supérieur à 50 kg/m2).

GRADE 2 (accord FORT)
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The maximum operating time in our 12 patients 
was 125 minutes. Our dosing simulations were under-
taken assuming a 3-hour dosing period from the ini-
tial bolus dose. Unpublished data from our institution 
demonstrated 12.7% of obese women undergoing CD 
(n = 63), with a median (IQR) BMI of 44.0 (41.0–48.0) 
kg·m−2 had a surgical duration >120 minutes.31 The 
longest surgical duration in a complicated operation 
was 388 minutes. An Australian study published in 
2017 also showed that operative time for CD increases 
as maternal BMI increases.34 In our study, the "rst dose 
occurred between 0 and 30 minutes before incision. 
To maintain appropriate antibiotic concentrations in 
the ISF between the "rst dose and wound closure, 
our results suggest redosing with 2 g of cefazolin at 
2 hours after the "rst dose, if wound closure is not 
complete. If the initial dose was 2 g, redosing with 2 g 
will provide an FTA of >95% across all weights up to 
150 kg. Redosing of 3 g will provide an FTA of >99% 
across those weights if the initial bolus dose was 3 g.

The main strength of our study lies in the use of 
microdialysis to characterize cefazolin concentrations 
in the ISF of tissues, and to the best of our knowledge, 
this is the "rst study in obese pregnant women under-
going CD to do so. We obtained prepregnancy weight 
and BMI, as well as that at delivery and were able 
to evaluate these variables in the models. Our study 
does have limitations. There was only 1 woman in 
our sample with a BMI at delivery >50 kg·m−2. In our 
institution, approximately 0.6% of pregnant women 
have a BMI >50 kg·m−2, and it is likely that our results 
cannot be extrapolated to these more extreme levels 
of BMI. We selected a target of 100% ƒT>MIC based on 
recommendations for surgical prophylaxis.35 Altering 
this target would of course change the obtained FTA. 
Additionally, we only examined the pharmacokinetic 
relationship for S. aureus, the most common pathogen 
in SSI.36 Other relevant pathogens may have a higher 
minimum inhibitory concentration at which 90% of 
isolates are inhibited (MIC90), and therefore FTA will 

be reduced. Our study did not evaluate the effect of 
these dosing regimens on the incidence of SSI and an 
adequately powered randomized controlled trial is 
required to do so. While our sample size of 12 appears 
small, we analyzed 76 ISF samples and 58 plasma 
samples, comparable to other studies using this 
approach. Our sample size is larger than many other 
microdialysis studies for this drug33,37 and provides 
valuable data for optimizing dosing regimens in the 
current setting. By using the most accurate measure 
of tissue concentrations (microdialysis) and apply-
ing dosing simulations for a much larger population, 
our approach has the bene"t of being an ethical and 
ef"cient use of resources, peer-accepted practice, and 
justi"es robust conclusions.

Previous study in this area has applied varying 
methodology to yield inconsistent results. The phar-
macokinetics of cefazolin doses of 2–4 g have been 
evaluated in obese pregnant women undergoing 
CD.16–21 These studies, however, have utilized tissue 
samples, such as homogenized subcutaneous, myo-
metrial, or adipose tissue.16–21 The US FDA states that 
microdialysis sampling of the subcutaneous ISF, as 
utilized in our study, is the best way to describe tis-
sue concentrations of antibiotics and should be used 
to guide therapy.38 Consistent with our study, Brill et 
al32 demonstrated reduced tissue penetration in non-
pregnant obese patients, using microdialysis sam-
pling of the ISF. Based on this, they recommended 
weight-based dose adjustments in obese patients. The 
reduced penetration may be due to an increased vol-
ume of subcutaneous adipose tissue in patients with 
obesity or reduced blood #ow in the adipose tissue.39

There are limitations of applying BMI in preg-
nancy, both in clinical practice and the research 
setting.40 Arguably, the BMI status of the woman 
at delivery, rather than the prepregnancy or “book-
ing-in” BMI, is more representative in terms of 
drug handling at delivery. In our study, a 4-com-
partment model best described plasma ISF drug 

Table 3.  Fractional Target Attainment for 6 Cefazolin Dosing Regimens for 5 Different Patient Weights  
(at Delivery)

Cefazolin Dose and Frequency
Weight (kg) 2 ga 2 g, 2 g at 2 hb 3 gc 3 g, 1 g at 3 hd 3 g, 2 g at 2 he 3 g, 3 g at 2 hf

90 81.4 99.4 86.2 96.6 99.5 99.8
110 78.9 98.9 83.8 95.1 99.2 99.6
119 78.0 98.6 82.8 94.3 99.0 99.5
130 76.6 98.2 81.7 93.4 98.8 99.4
150 74.4 97.7 80.0 91.9 98.2 99.1

Calculated based on the minimum inhibitory concentration wild-type European Committee on Antimicrobial Susceptibility Testing distribution of Staphylococcus 
aureus31 for a target trough unbound concentration of 2 mg·L−1 throughout 3 h of surgery.
a2 g, 0–30 min preincision.
b2 g, 0–30 min preincision followed by readministration of 2 g at 2 h.
c3 g, 0–30 min preincision.
d3 g, 0–30 min preincision followed by readministration of 1 g at 3 h.
e3 g, 0–30 min preincision followed by readministration of 2 g at 2 h.
f3 g 0–30 min preincision followed by readministration of 3 g at 2 h.

12 parturientes, césariennes programmées
BMI > 35 kg/m2
simulations de Monte-Carlo sur des CMI de pathogènes d’ISO

optimisation surtout fonction de la réinjection
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Dose/poids? 

Fig. 2  Study designs

Table 1  Key findings of outcome studies

summarises key information relating to outcome studies including doses, BMI information and conclusions drawn

Dosing comparator
Study Surgery type Participants (N) Control Intervention Outcome 2-g dose 

suffi-
cient?

Ahmadzia et al. 2015 
[18]

Caesarean section 335 2 g of cefazolin, 
mean BMI 49.9 kg/
m2

3 g cefazolin, mean 
BMI 53.0 kg/m2

No significant differ-
ence in SSI rates 
(p = 0.996)

Yes

Peppard et al. 2016 
[19]

Elective surgery 
(multiple)

436 (152 and 284) 2 g of cefazolin, 
mean BMI 36.4 kg/
m2

3 g of cefazolin, 
mean BMI 40.1 kg/
m2

SSI rates of 7.2% in 
2 g and 7.4% in 
3 g dosing groups. 
No significant 
difference was 
found (OR = 0.98, 
p = 0.95)

Yes

Weight-based comparator
Hussain et al. 2019 

[20]
Elective surgery 

(multiple)
304 (152 and 152) 2 g of cefazolin, 

patients with-
out obesity 
(BMI < 30 kg/m2)

2 g of cefazolin, 
patients with obe-
sity (BMI > 30 kg/
m2)

Trend towards 
increased SSI in 
obese group, but 
not significant 
(p = 0.25)

Yes

3141Obesity Surgery  (2022) 32:3138–3149
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Prophylaxie ciblée portage BMR

Because nasal carriage of Staphylococcus aureus was identified as
a risk factor for SSI, the strategy of screening and decolonization of
carriers using nasal mupirocin (with or without chlorhexidine
bathing) was adopted, particularly before cardiothoracic and
orthopaedic surgeries. In a meta-analysis that combined studies
evaluating different decolonization strategies (depending on the
study, decolonization treatment was given to MRSA carriers only,
to all S. aureus carriers, or to all patients), the risk of MRSA
SSI declined significantly by 70% and the risk of S. aureus SSI
declined significantly by 61%.21 These three strategies (universal
broad-spectrum SAP, targeted SAP, and decolonization) are
now accepted as measures to prevent SSI caused by resistant
organisms.

Strategies for prophylaxis in the era of
antibiotic resistance
In the context of antibiotic resistance, there are four possible strat-
egies for SAP: (1) no prophylaxis; (2) universal standard SAP; (3)
screening for carriage of antibiotic-resistant pathogens before sur-
gery and targeted SAP (i.e. broad-spectrum antibiotics only for
those who screen positive); (4) universal broad-spectrum SAP. For
procedures in which SSI is uncommon and/or easy to treat, the first
option, no prophylaxis, is appropriate. When SAP is required, one
must consider the NNT and the number needed to screen (NNS).
Here, NNT indicates the number of carriers of MDROs who need to
receive broad-spectrum (as compared with standard) prophylaxis
in order to prevent one SSI. The NNS indicates the number of
patients who must be screened for MDRO carriage and given the

appropriate prophylaxis in order to prevent one SSI. NNS is calcu-
lated as NNT divided by the prevalence of MDRO carriage.24

Figure 1 illustrates the effect of prevalence of MDRO carriage on
the various prophylaxis strategies. We use the example of ESBL-
producing Enterobacterales (ESBL-PE) carriage in patients under-
going colorectal surgery, for which the NNT is 13.25 When the
prevalence of ESBL-PE carriage is 5%, there will be 4 excess SSIs
per 1000 patients if universal standard SAP is used (Strategy 2). If
conducting screening and targeted SAP (Strategy 3), the NNS is
260, i.e. 260 patients will need to be screened to prevent one SSI.
Applying universal broad-spectrum SAP (Strategy 4), 4 SSIs per
1000 patients will be prevented. Using the targeted strategy, only
patients who screen positive will be given broad-spectrum antibi-
otics (in the case of 5% prevalence, 50 out of 1000 patients). Using
the universal broad-spectrum strategy, all 1000 patients will re-
ceive broad-spectrum SAP, most of them unnecessarily. In com-
parison, when carriage prevalence is 40% the NNS drops to 32.
Using universal broad-spectrum SAP, 31 SSI per 1000 patients will
be prevented, and only 19 patients per one SSI prevented will
needlessly receive a broad-spectrum agent (these calculations
presented in Table S1, available as Supplementary data at JAC
Online.)

Figure 1 can be divided into three segments. (1) The segment in
which a small increase in prevalence reduces the NNS substantially
(the segment with prevalence <10%). Here, as prevalence rises,
the NNS and unnecessary use of broad-spectrum antibiotics de-
crease exponentially while the number of prevented infections
increases linearly; therefore, the costs of screening or universal
broad-spectrum prophylaxis fall disproportionately (per prevented
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Figure 1. The effect of MDR organism (MDRO) carriage prevalence on various strategies for surgical prophylaxis, using the example of ESBL-producing
Enterobacterales carriage in patients undergoing colorectal surgery. BSA, broad-spectrum antibiotic; SSI, surgical site infection. The dotted line
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Colonisation digestive B-BLSE et chirurgie colo-rectale

R1.7.1 – Dans les centres où la prévalence de colonisation digestive à entérobactéries productrices
de bêta-lactamase à spectre étendu (E-BLSE) est supérieur ou égal à 10%, les experts suggèrent de
réaliser un dépistage de la colonisation rectale à E-BLSE chez les patients devant être opérés de
chirurgie colorectale, dans le mois précédant la chirurgie, afin d’adapter l’antibioprophylaxie et de
diminuer l’incidence d’infection du site opératoire.

Avis d’experts (accord FORT)
R1.7.2 – En cas de positivité du dépistage de la colonisation rectale à E-BLSE, les experts suggèrent
d’administrer, pour une chirurgie colo-rectale, une antibioprophylaxie ciblée active sur la souche
d’E-BLSE identifiée lors du dépistage, pour diminuer l’incidence d’infection du site opératoire.

Avis d’experts (accord FORT)
R1.7.3 – Dans le cadre de la chirurgie colo-rectale, les experts suggèrent une prise en charge
multidisciplinaire incluant l’anesthésiste-réanimateur, le chirurgien, un infectiologue (ou un
référent en infectiologie) et un microbiologiste pour individualiser l’antibioprophylaxie des
patients ayant un portage rectal d’E-BLSE.

Avis d’experts (accord FORT)
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Effets indésirables : dose unique de gentamicine

18.1% vs 19.4%; P ¼ .8305). However, we could
demonstrate a correlation between patient weight and the
lowest creatinine clearance within the first 72 postoperative
hours (r¼ 0.435; P<.0001), indicating that the decrease in
postoperative renal function was dose dependent.

Conditional logistic regression showed that preoperative
serum creatinine>120 mmol/L and single-dose prophylac-
tic gentamicin were independently associated with an
increased risk of postoperative AKI (Table 4).

We could not demonstrate an overall greater frequency of
AKI after on-pump surgery versus off-pump surgery.
However, among the on-pump patients, AKI occurred
more frequently in the gentamicin group (21% vs 17%;
P ¼ .0387; McNemar test).

DISCUSSION
Our findings have indicated that single-dose prophylactic

gentamicin is associated with an increased risk of the
development of stage 1 AKI. Patients with decreased
preoperative creatinine clearance were more vulnerable to
the nephrotoxic effect of prophylactic gentamicin; however,
the data were not granular enough to determine the level of
decreased preoperative creatinine clearance to warrant use

of prophylactic gentamicin. The frequency of postoperative
dialysis was the same in the 2 groups and was in
accordance with previous reports of the incidence of post-
operative dialysis after cardiac surgery.11-13 Prophylactic
gentamicin did not seem to have any effect on the
development of sternal infection, because the incidence
was similar in the 2 groups. However, the hospital length
of stay was slightly longer in the gentamicin group.
We have previously reported perioperative aminoglyco-

side treatment to be associated with a greater risk of
postoperative dialysis10; however, in that study, the patients
had been treated with>1 gentamicin dose, and gentamicin
was not standard antibiotic treatment, making it difficult to
draw conclusions regarding the possible nephrotoxic effect
of single-dose prophylactic gentamicin in cardiac surgery
patients.
Few other studies have been considering the effect of

single-dose gentamicin in surgical patients. Craig and
colleagues14 found no difference in creatinine levels
between the study and control groups in patients with a
fractured femoral neck. Sparse knowledge of their patients’
weight prevented the investigators from calculating the
creatinine clearance.14 Furthermore, control matching by
comorbidity was restricted to sex and age variables.
Solgaard and colleagues15 observed a transient reduction
in renal function in patients undergoing femoral neck
surgery who received 2 g dicloxacillin and 240 mg
gentamicin. Because dicloxacillin has been associated
with nephrotoxicity, it was difficult to draw a firm
conclusion.15 Among patients undergoing cardiac surgery,
aminoglycoside treatment has been evaluated with
simultaneous administration of other potentially nephro-
toxic drugs, with the combinations associated with an
increase in renal failure.16,17

CPB and the subsequent reestablishment of pulsatile
flow can result in an ischemic–reperfusion injury in the
renovascular bed. This could be one of the main reasons
for AKI after cardiac surgery, and it has been shown in
rats that aminoglycoside exacerbates postischemic AKI.4

Other studies have suggested that perioperative aminogly-
cosides in cardiac surgery are associated with changes in
elimination kinetics, followed by an increase in serum
creatinine.18,19 Lewis and colleagues19 demonstrated a
significant correlation between the elimination time and
length of CPB. They concluded that gentamicin excretion
was delayed after CPB and that a dose>4 mg/kg increased

FIGURE 1. Relative changes in serum creatinine from day of surgery

according to treatment groups. Day 0, first postoperative creatinine

measurement (P ¼ .017, repeated measures analysis of variance).

TABLE 3. Development of AKI according to preoperative creatinine

clearance* and gentamicin treatment

Preoperative creatinine

clearance (mL/min) Control (%) Gentamicin (%) P value

>85 11.5 14.7 <.0001y
50-85 20.7 28.3 <.0001y
<50 40.0 48.9 .5322y
P value <.0001z <.0001z
*Cockcroft-Gault calculation formula. yMcNemar test. zChi-square test.

TABLE 4. Adjusted risk of acute kidney injury

Risk factor OR (95% CI)*

Single-dose prophylactic gentamicin 1.38 (1.02-1.87)

Preoperative creatinine>120 mmol/L 3.5 (1.50-8.37)

Preoperative medication with ACEI 1.14 (0.71-1.82)

OR, Odds ratio; CI, confidence interval; ACEI, angiotensin-converting enzyme inhib-
itor. *Conditional regression analysis.
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Solgaard and colleagues15 observed a transient reduction
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simultaneous administration of other potentially nephro-
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CPB and the subsequent reestablishment of pulsatile
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rats that aminoglycoside exacerbates postischemic AKI.4
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elimination kinetics, followed by an increase in serum
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Effets indésirables : dose unique de vancomycine

because there were no differences in ASA classification,

prevalence of renal disease, and preoperative creatinine or

GFR between the two groups, the risk of confounder bias is
reduced. Furthermore, during our study period, our pain

management protocol did not include NSAID administration,
thus minimizing the risk of NSAID-related renal dysfunction.

Third, the precise nature of renal injury was not investigated

and therefore the definitive cause of AKI cannot be precisely
determined. Cefazolin and other beta-lactam antibiotics can

cause acute interstitial nephritis, which is not dose- or

duration-dependent. This is confirmed by our results because
patients receiving cefazolin alone were not immune to

developing AKI. However, because the focus of this study

was to look at the effect of adding vancomycin on overall
renal function, defining the precise nature of renal failure is

not critical. Finally, although the routine use of antibiotics in

cement for primary THA/THA was not common practice
during this study period, we did not document the effect of its

use in high-risk patients (ie, immunocompromised patients

and prior hardware). However, when antibiotic cement was
used, all four surgeons used the same commercially pre-

mixed gentamycin cement, which has relatively low

concentrations with low risk of systemic toxicity.
Dual antibiotic prophylaxis with vancomycin and cefaz-

olin increased the risk of AKI after primary THA or TKA

compared with patients receiving cefazolin alone. A study
comparing kidney injury after primary joint arthroplasty

with patients receiving flucloxicillin and gentamycin has

been shown to increase the rate of renal dysfunction after
surgery compared with those receiving cefuroxime alone

[35]. Bailey et al. [4] reported on a series of patients under-

going THA or TKA treated with either cefuroxime or
flucloxacillin and gentamycin. Their results showed that the

two antibiotic groups developed new-onset, transient renal

impairment at a higher rate compared with the single anti-
biotic group (9% versus 2%, p\ 0.001) [4]. Additionally,

others have reportedAKI in patients undergoing treatment of

prosthetic joint infections with vancomycin-impregnated
cement spacers [34, 38]. The precise mechanism leading to

the cause of transient renal dysfunction is unclear, but

potential causes may be included altered pharmacokinetics

caused by the combination of antibiotics [34, 38]. Conse-
quently, a risk of routine vancomycin administration in

patients undergoing elective primary THA or TKA is the
development of postoperative AKI.

Vancomycin and cefazolin was also associated with an

increased severity of AKI compared with patients receiving
cefazolin alone. Our results are consistent with other pre-

viously published reports on this subject [4, 30, 38] finding

an increase in postoperative kidney injury with multiple
antibiotic prophylaxis. Furthermore, our data also show the

effect that hip and knee arthroplasty can have on patients.

Blood loss, transient hypotension, and predisposing host
factors (ASA classification and preoperative renal disease)

can cause transient renal dysfunction even when vanco-

mycin is not used. The addition of nephrotoxic antibiotics
such as vancomycin or gentamycin can stress the patient

with borderline kidney functions and precipitate AKI

postoperatively [30]. Finally, we previously showed in this
series of patients that the addition of vancomycin to the

prophylactic antibiotic regimen does not decrease the rate

of SSI compared with cefazolin alone [36]. Others also have
shown no differences in infection rates using dual antibiotic

prophylaxis [33, 39]. Therefore, without clear evidence, the

superiority of dual-antibiotic prophylaxis in prevention of
infection, the use of dual antibiotics including vancomycin

should be carefully considered, weighing the potential

benefits of decreasing MRSA infection against the adverse
effects of renal toxicity and potential development of

resistant organisms. Because vancomycin prophylaxis is

recommended in patients who are at high risk for MRSA
infection, a preoperative screening and decolonization

program for MRSA before elective TKA and THA may

play a role in identifying these at-risk patients [1, 10].
We also found higher ASA classification and preoper-

ative kidney disease to be independent predictors of AKI

postoperatively consistent with prior literature, which
reports that medical comorbidities and preoperative kidney

Table 6. Univariate and multivariate logistic regression analysis of risk factors for AKI after primary hip and knee arthroplasty

Risk factor Univariate analysis Multivariate analysis

Odds ratio 95% confidence interval p value Odds ratio 95% confidence interval p value

Age (years) 1.01 1.00–1.02 0.048 1.01 0.99–1.02 0.368

Knee arthroplasty 1.03 0.76–1.38 0.871 1.23 0.84–1.80 0.278

EBL (per 100 mL) 1.03 1.00–1.07 0.087 1.04 0.99–1.09 0.184

Intraoperative fluids (per 100 mL) 1.02 1.00–1.03 0.056 1.02 0.99–1.04 0.149

ASA 1.75 1.33–2.29 \ 0.001 1.64 1.24–2.17 0.001

Dual antibiotic prophylaxis 1.71 1.89–2.47 0.003 1.82 1.25–2.64 0.002

Preoperative kidney disease 1.87 1.37–2.55 \ 0.001 1.81 1.30–2.52 0.001

AKI = acute kidney injury; EBL = estimated blood loss; ASA = American Society of Anesthesiologists.
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Effets indésirables  selon durée (AKI, C. difficile)

cation of the increased risk of adverse events—with clear and
immediate adverse effects on direct patient care—with each
additional day of exposure.

Many studies have examined the nephrotoxic effects of
antimicrobial regimens, particularly those containing
vancomycin.8,23,24 A limitation of these studies is that they have
been conducted in patients in whom acute illness may be driv-
ing AKI rather than exposure to any specific antimicrobial
agent. Our study design evaluating the use of vancomycin as
a prophylactic agent coupled with the sensitivity analysis ex-
cluding patients with any preoperative infection limits the po-
tential for this confounding to drive findings and helps to clarify
the role of vancomycin in the development of nephrotoxic-
ity. Additionally, we measured the association of nephrotox-
icity with combination antimicrobial regimens and found a du-
ration-dependent increase in AKI risk. This suggests that

coadministration of multiple antimicrobials may have an ad-
ditive association with risk of AKI—a risk that increases with
each additional day of exposure.

We stratified the analysis by MRSA status and demon-
strated an increased risk of AKI among MRSA-negative pa-
tients receiving vancomycin, suggesting that the AKI associ-
ated with vancomycin is not driven solely by a higher rate of
medical comorbidities in the MRSA-positive population. The
risk of AKI after vancomycin among MRSA-positive patients
was also evaluated and was found to be of a similar magni-
tude but not statistically significant, possibly owing to lim-
ited power. Clearly, in cardiac surgery, there are potential ben-
efits of vancomycin-containing prophylaxis regimens that must
be weighed against the harms (28.1% SSI reduction vs 17.7%
AKI increase). A rational approach is to target vancomycin use
only to those patients at highest risk of MRSA infection and to

Figure 2. Adjusted Odds of Surgical Site Infection (SSI), Acute Kidney Injury, and Clostridium difficile Infection by Duration
of Antimicrobial Prophylaxis

24-<48

48-<72

≥72

Du
ra

tio
n 

of
 A

nt
im

ic
ro

bi
al

Pr
op

hy
la

xi
s,

 h

Adjusted Odds Ratio (95% CI)

SSI after cardiac surgeryA

4.0 8.0 16.02.01.00.50.1

24-<48

48-<72

≥72

Du
ra

tio
n 

of
 A

nt
im

ic
ro

bi
al

Pr
op

hy
la

xi
s,

 h

Adjusted Odds Ratio (95% CI)

SSI after orthopedic surgeryB

4.0 8.0 16.02.01.00.50.1

24-<48

48-<72

≥72

Du
ra

tio
n 

of
 A

nt
im

ic
ro

bi
al

Pr
op

hy
la

xi
s,

 h

Adjusted Odds Ratio (95% CI)

Acute kidney injury after cardiac surgeryE

4.0 8.0 16.02.01.00.50.1

24-<48

48-<72

≥72

Du
ra

tio
n 

of
 A

nt
im

ic
ro

bi
al

Pr
op

hy
la

xi
s,

 h

Adjusted Odds Ratio (95% CI)

Clostridium difficile infection after any surgeryG

4.0 8.0 16.02.01.00.50.1

24-<48

48-<72

≥72

Du
ra

tio
n 

of
 A

nt
im

ic
ro

bi
al

Pr
op

hy
la

xi
s,

 h

Adjusted Odds Ratio (95% CI)

Acute kidney injury after noncardiac surgeryF

4.0 8.0 16.02.01.00.50.1

24-<48

48-<72

≥72

Du
ra

tio
n 

of
 A

nt
im

ic
ro

bi
al

Pr
op

hy
la

xi
s,

 h

Adjusted Odds Ratio (95% CI)

SSI after vascular surgeryD

4.0 8.0 16.02.01.00.50.1

24-<48

48-<72

≥72

Du
ra

tio
n 

of
 A

nt
im

ic
ro

bi
al

Pr
op

hy
la

xi
s,

 h

Adjusted Odds Ratio (95% CI)

SSI after colorectal surgeryC

4.0 8.0 16.02.01.00.50.1

Research Original Investigation Association of Duration and Type of Surgical Prophylaxis With Antimicrobial-Associated Adverse Events

596 JAMA Surgery July 2019 Volume 154, Number 7 (Reprinted) jamasurgery.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 11/23/2022

Etude de cohorte rétro
n = 79 058 

Aucun gain plus d’effets indésirables

ISO

AKI

AKI

C. diff



bufie Infect Immunity 2012
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untreated mice that received C. difficile spores was similar to that
of untreated mice over 21-day period monitored. We used PCA to
generate orthogonal combinations of OTUs that explained the
maximum variance between samples. Using this approach we
were able to delineate regions in PCA space that are typical of ileal
and cecal microbiota from untreated mice in PCA plots (Fig. 6D).
In addition, the microbiota of untreated mice that received C.
difficile spores remained within the same PCA space as untreated
mice not receiving C. difficile for the 21-day period monitored
(Fig. 6D).

Administration of clindamycin induced dramatic and rapid
changes in intestinal microbiota composition. One day after a
single dose of clindamycin, the cecal microbiota underwent pro-
found losses of Lachnospiraceae and Barnesiella populations and
became dominated by Enterobacteriaceae species (Fig. 7). Analysis
of ileal samples revealed a similar trend, with increased Enterobac-
teriaceae proportions and contractions of previously dominant
populations, which were modest for Lactobacillus but substantial
for Turicibacter. These initial alterations in microbiota composi-
tion post-clindamycin treatment were reproducible across three

independently housed mouse colonies (Fig. 7). The intestinal mi-
crobiota of mice treated with C. difficile spores alone resembled
those of untreated mice, and no shifts in intestinal microbiota
composition over the 3 week period monitored were detected
(Fig. 8A and B). Treatment with clindamycin, however, resulted in
marked expansion of the Enterobacteriaceae species, and this ini-
tial period of dominance was followed by multiple shifts in micro-
biota composition over the next 4 weeks (Fig. 8C and D). From
days 2 through 7, the relative abundance of Akkermansia species
increased in the cecum, peaking at day 4 but contracting by day 7.
The relative proportion of Enterobacteriaceae decreased during
this period, but re-emerged as the dominant population by day 7.
Subsequently, unclassified Mollicutes species increased to become
the dominant population from day 14 through the final sample
collection on day 28. During this period, the relative abundance of
Enterobacteriaceae species decreased (Fig. 8D). These shifts in the
cecal microbiota were largely mirrored in the ileum, although in-
creases in Mollicutes from days 14 to 28 were relatively small com-
pared to those in the cecum. In addition, Lactobacillus remained a
major component of the ileal microbiota throughout the time

FIG 7 Clindamycin treatment alters the composition of the microbiota. Mice from three separately housed colonies were administered clindamycin (200 !g) on
day !1, and samples of cecal and ileal content were obtained for analysis on the days indicated. Each bar represents the microbiota of an individual mouse.

FIG 8 Clindamycin and C. difficile infection alter intestinal microbiota composition. Mice were administered clindamycin (200 !g) intraperitoneally on day !1
and/or inoculated with C. difficile spores on day 0, and samples of cecal and ileal content were obtained from a representative mouse from three separately housed
colonies on the days indicated. Each bar represents the pooled microbiota of three separately housed mice on the indicated day. The most predominant bacterial
phylotypes are color coded as indicated.
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different studies. Indeed, we believe that differences in the starting
microbiota of experimental mice is a likely explanation for differ-
ences between our results and those published by Lawley et al.
(25). Those studies demonstrated that the effect of clindamycin on
microbial diversity and the composition of the microbiota were
transient, with recovery occurring over the course of 7 to 10 days
following the cessation of antibiotic treatment (25).

We found that mice remained susceptible to C. difficile coloni-
zation and disease at least 10 days following administration of a
single dose of clindamycin, despite a series of marked shifts in the
composition of the residual microbiota. This result suggests that
microbial populations important for resistance to C. difficile in-
fection are among those eliminated rapidly and lastingly following
clindamycin administration. It is possible that clindamycin-
sensitive bacteria are specifically responsible for suppressing C.
difficile colonization. Alternatively, clindamycin-resistant bacteria
may be responsible for C. difficile colonization resistance but de-
pend upon clindamycin-sensitive bacteria for vital functions (for
example, nutrient metabolism), since even minimal microbiomes
may exist in interdependent consortia, as evidenced by failure of
monocolonization with specific microbial species (14). In addi-
tion, the mechanism by which normal flora confer C. difficile col-
onization resistance may be direct or indirect, since work from our
group has shown that microbial products augment innate im-
mune barrier function (3, 23) and confer resistance to C. difficile
infection (17). Given the broad impact of clindamycin on taxo-
nomical representation in the intestinal microbiota, the range of
phylotypes that may be critical for resistance to C. difficile infec-
tion remains vast. Nevertheless, our study suggests new avenues to
identify precisely how clindamycin-induced changes in the intes-
tinal microbiota predispose to C. difficile colonization and disease.

C. difficile infection of clindamycin-treated mice induced ad-
ditional effects on the intestinal microbiota. Compared to mice
treated with clindamycin alone, C. difficile-infected mice sus-
tained little expansion of Akkermansia and mitigated the expan-

sion of Enterobacteriaceae and Mollicutes phylotypes. Although it
is possible that C. difficile directly impairs expansion of other mi-
crobial groups by suppression or competition for ecological
niches, it is also possible that C. difficile infection indirectly mod-
ulates intestinal microbiota composition by augmenting mucosal
inflammation. Indeed, intestinal inflammation induced by enteric
pathogens has been shown to affect colonic bacteria density (28),
suppress populations of indigenous intestinal bacteria (20), and
otherwise alter microbiota composition in ways that favor coloni-
zation and expansion of exogenous microbial populations (28),
including pathogenic bacteria (35). Our results indicate C. difficile
infection induces intestinal inflammation that persists for at least
30 days. While the magnitude of the inflammatory processes is
diminished at later time points, the sustained inflammatory tone
may affect measurable changes in the residual microbiota at these
time points.

Successful treatment of recurrent C. difficile infection in hu-
mans with fecal transplantation demonstrates the therapeutic ef-
fectiveness of reconstituting a complex microbiota but also under-
scores our crude understanding of which microbial populations
are critical for colonization resistance to C. difficile infection. The
murine model of sustained vulnerability to C. difficile infection
following clindamycin treatment that we have described here pro-
vides an opportunity to identify microbial species or consortia
that are capable of preventing the germination of C. difficile spores
and/or growth and toxin production by vegetative C. difficile bac-
teria in the gastrointestinal tract.
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1 dose de clindamycine altère profondement le microbiote digestif de souris : diminution de la diversité

et fournit une niche écologique
permissive à C. difficile 
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Effets indésirables : microbiote
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Obesity is a complex multifactorial chronic disease, and its 
prevalence continues to rise worldwide [1]. Obesity can lead 
to a wide variety of chronic conditions including cardiovas-
cular diseases such as hypertension, coronary artery disease, 
stroke, and heart failure [2]. Obesity is an independent risk 
factor for cardiovascular disease-related morbidity and is 
associated with a higher rate of cardiovascular and all-cause 
mortality compared to normal weight individuals [3].

Treatments for severe obesity, including lifestyle inter-
ventions and pharmacotherapy, have failed to provide long-
term disease remission. However, bariatric surgery is a suc-
cessful long-term treatment for severe obesity with profound 
resolution of obesity-associated comorbidities [4]. Bariatric 
surgery also reduces the increased risk of obesity-related 
mortality, primarily by reducing the severity and progression 
of cardiovascular disease [5, 6].

The human gastrointestinal tract harbors a diverse and rich 
ecosystem of microbes that affects whole body health includ-
ing body weight regulation and metabolic physiology [7–10]. 
Bariatric surgery, specifically Roux-en-Y gastric bypass 
(RYGB), shifts the structure, diversity, and functional potential 
of the intestinal microbiome [11]. The change in gastrointes-
tinal anatomy following bariatric surgery with altered tissue 
luminal pH, nutrient exposure, and bile acid pool, interplay 

with the gut microbiome affecting growth and functional 
capacity of the microbial community [12, 13]. The gut micro-
biome has become an attractive mechanism to explain post-
surgical weight loss and cardiovascular disease resolution, 
specifically hypertension [14].

We previously published a retrospective study of patients 
who underwent Roux-en-Y gastric bypass (RYGB) document-
ing an association between the perioperative antibiotic class 
and post-operative resolution of hypertension [15]. Prophy-
lactic peri-operative, intravenous clindamycin was associated 
with significantly increased resolution of post-operative hyper-
tension (57.9%) compared to cefazolin (44.0%, p = 0.05) at 
1-year after RYGB suggesting a critical role of the modified, 
surgical gut flora. In this study, we performed a prospective, 
peri-operative antibiotic randomization at the time of RYGB 
to confirm if a single intravenous antibiotic has the power to 
alter the post-surgical gastrointestinal microbial composition 
up to 3 months after surgery.

 Surgical Endoscopy

1 3

was statistically significant (p = 0.002, R2 = 0.619, Mean 
squared error = 10.35). When the features were ranked in 
the order of importance, Clostridium perfringens, Granuli-
catella, and Roseburia hominis were the top three important 
features (Table 2).

A subset of 11 paired samples (n = 5 clindamycin and 
n = 6 cefazolin) from pre-operative and 3 months post-
operative were sent for shotgun metagenomic sequencing 

and analysis. Shotgun metagenomic sequencing revealed 
significantly distinct gut microbiota driven by antibiotic 
treatment at 3 months post-op (Fig. 4A). There were 220 
refined metagenomic assembled genomes (MAGs) identi-
fied. Eleven discriminatory MAGs were identified by LEfSe 
as shown in Fig. 4B. When evaluating the relative abundance 
of each individual MAG for statistical significance between 
clindamycin and cefazolin groups at 3 months post-op, 

Fig. 2  Linear discriminant analysis (LDA) cladogram between pre-op (blue) and 2-weeks (A, green) and 3 months post-op (B, green) Roux-en-Y 
gastric bypass (Color figure online)

Fig. 3  Difference in Alpha 
diversity based on antibiotic 
administration, as measured 
by Evenness (A, the similarity 
of abundances of the differ-
ent organisms) and Shannon’s 
diversity index (B, richness) in 
pre-op versus post-op 2 weeks 
after Roux-en-Y gastric bypass. 
Difference in Beta diversity 
based on antibiotic administra-
tion, as measured by Jaccard 
dissimilarity, in pre-op versus 
post-op 3 months after Roux-en-
Y gastric bypass (C)

Table 2  Top 5 important features from Random Forest

ID Importance

Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiaceae|Clostridium_sensu_stricto_1|Clostridium_perfringens 0.3628
Bacteria|Firmicutes|Bacilli|Lactobacillales|Carnobacteriaceae|Granulicatella 0.1096
Bacteria|Firmicutes|Clostridia|Lachnospirales|Lachnospiraceae|Roseburia|Roseburia_hominis 0.0859
Bacteria|Firmicutes|Clostridia|Peptostreptococcales-Tissierellales|Peptostreptococcales-Tissierellales|Anaerococcus 0.0610
Bacteria|Firmicutes|Clostridia|Peptostreptococcales-Tissierellales|Peptostreptococcales-Tissierellales|Peptoniphilus 0.0591

1 dose de clindamycine avant bypass gastrique diminue la diversité du microbiote jusqu’à j14



rétrospective de cohorte n = 689

infection post-op versus non selon ATBplaxie ou non (lorsque ATBplaxie à la discrétion de l’équipe)

chirurgies à faible incidence de base ISO/infections post-op
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Table 4

Multivariable Model for Risk for Postoperative Antibiotic-Resistant Compared to Antibiotic-Sensitive 
Infection

Characteristic
Subjects with resistant infections/total exposed

Odds ratio (95% CI)
n %

Surgical antibiotic prophylaxis

 No, N=139 66 47 Reference

 Yes, N=550 272 49 0.99 (0.67–1.46)

Prior exposure to antibiotics *

 No, N=526 258 49 Reference

 Yes, N=163 80 49 0.90 (0.62–1.31)

Prior culture-proven infection*

 None, N=487 231 47 Reference

 Sensitive, N=94 42 45 0.95 (0.60–1.50)

 Resistant ≥1 antibiotic class, N=108 65 60 1.81 (1.16–2.83)

Operative time†

 <60 minutes, N=172 79 46 Reference

 60 to 100 minutes, N=168 79 47 1.05 (0.68–1.62)

 >100 minutes, N=349 180 52 1.31 (0.89–1.93)

*Within the 90 days preceding surgery

†Defined as the time from first incision to when the patient left the room.

J Am Coll Surg. Author manuscript; available in PMC 2018 November 01.

NON, le FdR majeur est un antécédent dans les 3 mois d’infection à BMR
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Effets indésirables : allergies croisées cefazoline/ péni
Figure 2. Forest Plots on the Frequency of Dual Allergy to Penicillins and Cefazolin
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Chir : 1 hypersensiblité à la céfazoline pour 1000 patients ayant un antécédent non exploré d’allergie à la pénicillne
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P guidelines recom
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end alternative antim
icrobial 

therapy in the presence of type I hypersensitivity to β-lactam
s. 5 

H
ow

ever, a lim
itation of such guidelines is that recom

m
en-

dations are applied to cephalosporins as a w
hole or to spe-

ci!c cephalosporin generations w
ithout an exam

ination of 
individual cephalosporin agents. Em

erging understanding 
of im

m
unogenic m

echanism
s underlying antim

icrobial aller-
gies enables w

ider adm
inistration of certain cephalosporins 

and facilitates the adm
inistration of !rst-line A

M
P for the 

prevention of SSI w
hile avoiding the m

orbidity associated 
w

ith second-line antim
icrobials. This evidence base should 

be re"ected in future iterations of SSI guidelines.
The perioperative setting presents a unique opportunity 

for anesthesiologists to play a role in im
proving the accuracy 

of allergy reporting by perform
ing an allergy history assess-

m
ent 55 and, w

here necessary, considering allergy consulta-
tion and penicillin testing during the preoperative period, 
w

hether for the purpose of A
M

P adm
inistration or for the 

broader public health bene!t. A
 proposed algorithm

 for the 
preoperative assessm

ent of the penicillin-allergic patient and 
intraoperative decision m

aking is presented in the Figure. In 
sum

m
ary, cephalosporin cross-reactivity in penicillin-aller-

gic patients is not necessarily a class effect, provided that 
cephalosporins w

ith a side chain different from
 the penicil-

lin responsible for the allergic reaction are used (Table). 87 
A

nesthesiologists m
ay be hesitant to adm

inister cephalo-
sporins to penicillin-allergic patients due to m

edicolegal 
concerns. 107 W

hile clinical judgm
ent should be exercised and 

can be guided by a docum
ented preoperative discussion 

w
ith the patient regarding the rationale for cephalosporin 

adm
inistration, 108 a review

 of legal outcom
es in such cases 

found lim
ited professional liability and identi!ed prece-

dence for clinicians prescribing cephalosporins to patients 
w

ith a know
n penicillin allergy, w

ith judges citing a lack of 
scienti!c evidence dem

onstrating that cephalosporins w
ere 

contraindicated in patients w
ith a penicillin allergy. 107 E
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Table. Common Penicillin and Cephalosporin Drugs Grouped by Side Chain Structure
Similar R1 Side Chains:  Cross-Reactions 
Between Drugs Within 1 Group Is Possible Unrelated R1 

Side Chainsa

Similar R2 Side Chains: Cross-Reactions Between Drugs Within 1 Group Is Possible Unrelated R2 
Side ChainsbGroup 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

Penicillin G Amoxicillin Cefdinir Cefazolin Cefadroxil Cefmetazole Cefotaxime Ceftibuten Cefoxitin Cefdinir Cefsulodin Cefamandole Cefaclor
Cefoxitin Ampicillin Cefepime Ce!xime Cephalexin Cefoperazone Cephalothin Ceftizoxime Cefuroxime Ce!xime Ceftazidime Cefoperazone Cefazolin
Cephalothin Piperacillin Cefotaxime Cefmetazole  Cefotetan Cephapirin     Cefotetan Cefepime
Cephaloridine Cefaclor Cefpirome Cefotetan         Cefpodoxime
 Cefadroxil Cefpodoxime Cefuroxime         Ceftriaxone
 Cefamandole Ceftazidime Cephapirin         Cefuroxime
 Cefatrizine Ceftriaxone           
 Cefoperazone            
 Cephalexin            

Adapted from Lagacé-Wiens and Rubinstein,60 Pichichero and Zagursky,74 and Pichichero.81

aNo cross-reaction with any other penicillin or cephalosporin R1 side chain.
bNo cross-reaction with any other cephalosporin R2 side chain.
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was slightly shorter for patients reporting penicillin allergy, 
with a median of 3 days (interquartile range [IQR], 2–5 d) com-
pared with those without (median, 3 d; IQR, 2–6 d; P = .01).

Primary Outcome: Surgical Site Infections

Among 9004 procedures, there were 241 SSIs (2.7%): 126 SSIs 
for COLO (10.1%), 35 SSIs for HYST (2.2%), 31 SSIs for HPRO 
(1.2%), 26 SSIs for KPRO(1.1%), and 23 SSIs for CABG (2.0%) 
(Figure  1, Supplementary Table  1). In the univariable ana-
lysis, patients who reported a penicillin allergy history more 
frequently had an SSI (3.5% vs 2.6%; P  =  .10). In the multi-
variable logistic regression model adjusting for age, sex, race, 
surgery type, ASA class, procedure duration, and wound class, 
a reported penicillin allergy was associated with increased odds 
of SSI (adjusted OR [aOR], 1.51; 95% CI, 1.02–2.22) (Table 3).

In the multivariable marginal structural model, the e"ect of 
penicillin allergy reporting on SSI development was entirely 
mediated through receipt of a beta-lactam alternative antibiotic. 
Although the indirect e"ect of reported penicillin allergy on SSI 
through perioperative antibiotic choice demonstrated signi#-
cantly increased odds of SSI for penicillin allergy reporters (aOR, 
2.05; 95% CI, 1.40–3.00), the direct e"ect of a reported penicillin 
allergy on SSI was not signi#cant (aOR, 1.00; 95% CI, .36–2.78).

Secondary Outcome: Perioperative Antibiotic Choice and Timing

Overall, the most commonly used perioperative antibiotics were 
cefazolin (n  =  7534, 83.7%), metronidazole (n  =  1083, 12.0%), 

clindamycin (n = 722, 8.0%), and vancomycin (n = 601, 6.7%). 
Patients with a reported penicillin allergy were significantly less 
likely to receive cefazolin (12.2% vs 92.4%; P <  .001) and more 
likely to receive clindamycin (48.8% vs 3.1%; P < .001), vancomy-
cin (34.7% vs 3.3%; P < .001), gentamicin (24.0% vs 2.8%; P < .001), 
and fluoroquinolones (6.8% vs 1.3%; P < .001) (Figure 2).

When restricting antibiotics to preoperative timing (ie, initi-
ation from 120 minutes prior to incision until surgical incision), 
similar di"erences in antibiotic choice were observed, although 
209 patients (2.3%) received the antibiotic outside of the timing 
window (Supplementary Table 2). Among procedures that did 
not use both a beta-lactam antibiotic and beta-lactam alterna-
tive antibiotic during surgery (n  =  7893), beta-lactam antibi-
otics were more commonly initiated in the preoperative time 
window (98.2% vs 96.0%; P < .001).

Among patients receiving cefazolin or vancomycin 
(n  =  8085), 97.5% did not receive vancomycin in the guide-
line-recommended time frame for administration (ie, 60–120 
minutes before incision), whereas only 1.7% of patients did not 
receive cefazolin in the recommended time-frame (P <  .001). 
Vancomycin initiation occurred a median of 24.0 minutes (IQR, 
13.0–35.0 min) prior to incision.

Number Needed to Evaluate 

Between 112 and 124 patients with reported penicillin allergy 
would need allergy evaluation to prevent 1 SSI.

DISCUSSSION

In this retrospective cohort study of more than 8000 patients 
and 9000 procedures, including hip and knee arthroplasty, 
hysterectomy, colon surgery, and coronary artery bypass graft-
ing, patients who reported a prior penicillin allergy had a 50% 
increased odds of developing a SSI, using established definitions 
from NHSN and after controlling for important confounders. 
The differential SSI risk was attributable to receipt of alternative 
antimicrobial prophylaxis in the patient population reporting 
a prior history of penicillin allergy. Most patients had reported 
penicillin reactions eligible for standard allergy evaluation pro-
cedures that can distinguish true penicillin allergies and iden-
tify >95% of them as false. Based on published incidence of 
true penicillin allergy in this population, between 112 and 124 
patients would need penicillin allergy evaluation to avert 1 SSI.

Although prior studies suggested that a penicillin allergy may 
be associated with increased infection risk generally, previous 
reports have not used NHSN SSI criteria and have focused on a 
speci#c surgical procedure (eg, head and neck free tissue transfer 
[27], infections a$er dental implants [29]) or infection type (eg, 
septic arthritis a$er reconstruction of the anterior cruciate liga-
ment) [28]. %e 50% increased odds of SSI among patients report-
ing a penicillin allergy in this cohort was entirely due to the use of 
beta-lactam alternative perioperative antibiotics [46] because the 
association between a reported penicillin allergy and SSI was an 

Table  1. Reactions Identified for the 922 Patients Reporting Penicillin 
Allergy (n = 1042)

Hypersensitivity Reactions,a n = 718 (68.9%)

 Rashb 346 (37.5)
 Urticariab 166 (18.0)
 Angioedema or swellingb 82 (8.9)
 Anaphylaxisb 42 (4.6)
 Itchingb 41 (4.5)
 Shortness of breathb 19 (2.1)
 Flushingb 12 (1.3)
 Hypotensionb 5 (0.5)
 Acute interstitial nephritisc 2 (0.2)
 Blisterc 2 (0.2)
 Stevens-Johnson syndrome or toxic epidermal necrolysisc 1 (0.1)
Side Effects and Intolerances, n = 89 (8.5%)
 Gastrointestinal symptoms 51 (5.5)
 Renal damage 2 (0.2)
 Headache 4 (0.4)
 Fever 2 (0.2)
 Mental status change 4 (0.4)
 Musculoskeletal symptoms 7 (0.8)
 Other adverse reactions 19 (2.1)
Unknown Reactions, n = 235 (25.5%)b

aTwenty-one patients had both hypersensitivity reactions and side effects to penicillin.
bReactions amenable to penicillin allergy evaluation (ie, penicillin skin testing and/or test 
dose challenges).
cReactions that are potential contraindications to beta-lactam antibiotic administrations.
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indirect e"ect in the marginal structural model. #is implies that 
the increased SSI risk is potentially modi$able if patients with a 
reported penicillin allergy could receive $rst-line beta-lactam anti-
biotic prophylaxis a%er a negative penicillin allergy evaluation [12].

Although approximately 85% of procedures used the $rst-line 
recommended antibiotic cefazolin, patients reporting a pen-
icillin allergy rarely received cefazolin and instead were 8–16 
times more likely than those without a penicillin allergy his-
tory to receive clindamycin, vancomycin, or gentamicin. Prior 
studies reported similar patterns of antibiotic prophylaxis use 
among those with a reported penicillin allergy [18–21]. Patients 
with reported penicillin allergy in this study were not only less 
likely to receive the most e"ective perioperative antibiotic, 
they were also less likely to receive prophylaxis in the recom-
mended time-frame for optimal tissue concentration, especially 
when vancomycin was the alternative antibiotic administered. 

Administration of beta-lactam alternative antibiotics, even 
perioperatively, increases risk of antibiotic adverse e"ects, such 
as Clostridium di!cile colitis from clindamycin [47–50] or 
nephrotoxicity from vancomycin or gentamicin [51].

Current antimicrobial prophylaxis guidelines delineate rec-
ommended agent(s) and alternative agents for patients with 
immunoglobulin E–mediated penicillin allergy [13]. Although 
this guideline encourages taking an allergy history, no guid-
ance on methods to clarify allergies or risk stratify patients is 
provided [13]. With limited direction and comfort with drug 
allergy assessment [52–54], providers understandably choose 
alternative agents for patients with prior reported penicillin 
allergy [25]. From the penicillin reaction histories in this study, 
all but 5 patients should have been able to either tolerate cefazo-
lin directly (eg, the patients with nonimmunologic reactions or 
mild, nonspeci$c immunologic reactions) or would be eligible 
for outpatient penicillin allergy evaluation by an allergist/immu-
nologist (ie, penicillin skin testing and/or test dose challenges) 
prior to surgery [55, 56]. Approaches to preoperative patients 
with reported penicillin allergy histories have been well docu-
mented and include outpatient specialist consultations and skin 
testing at preoperative visits [43]. Alternative approaches may 
include implementation of perioperative test dose challenges 
to cefazolin for patients with mild and/or remote penicillin 
allergy histories, an approach successfully used among hospi-
talized [57, 58] and ambulatory [59, 60] patients. Assuming all 
patients without true penicillin allergy would receive $rst-line 

Table 3. Impact of a Reported Penicillin Allergy on Surgical Site Infection 

Adjustment

Odds ratio (95% 
confidence 

interval) P value

None (univariable) 1.36 (.94–1.97) .10
Surgery type 1.45 (1.00–2.12) .051
Surgery type, age, sex, and race 1.49 (1.02–2.18) .04
Surgery type, age, sex, race, American 

Society of Anesthesiologists class, 
procedure duration, and wound class

1.51 (1.02–2.22) .04
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Figure 2. Perioperative antibiotic use among patients with and without a reported penicillin allergy. *Includes ceftriaxone (n = 4), ertapenem (n = 1), and piperacillin/tazo-
bactam (n = 1) (reported penicillin allergy) and amoxicillin (n = 1), ceftazidime (n = 2), ceftriaxone (n = 20), nafcillin (n = 3), penicillin G (n = 3), piperacillin/tazobactam (n = 9), 
ertapenem (n = 4), imipenem (n = 4), and meropenem (n = 1) (no reported penicillin allergy). †Includes linezolid (n = 4) and other antibiotics (n = 4) (reported penicillin allergy), 
and azithromycin (n = 2), aztreonam (n = 1), daptomycin (n = 6), linezolid (n = 2), and other antibiotics (n = 3) (no reported penicillin allergy).
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the oral prophylaxis group and 35 patients in the 
placebo group) who did not fully comply with bowel 
preparation (12.7% v 22%; unadjusted relative risk 
0.58, 95% confidence interval 0.43 to 0.78; adjusted 
relative risk 0.59, 95% confidence interval 0.46 to 

0.77). Detection of a treatment effect would have 
suggested uncontrolled confounding.

Discussion
Principal !ndings
In this multicentre pragmatic double blind randomised 
trial involving patients undergoing elective colorectal 
surgery, adding a single dose of 1 g ornidazole 12 
hours before surgery as an adjunct to intravenous 
antibiotic prophylaxis resulted in a significantly 
lower rate of surgical site infection within 30 days 
after surgery compared with placebo. Compared with 
those assigned to placebo, participants assigned to 
oral prophylaxis had a 40% lower relative risk of 
surgical site infection; in addition, the oral prophylaxis 
group had lower rates of other secondary outcomes, 
including major postoperative surgical complications 
(33% lower relative risk). The findings suggest that the 
effect of oral prophylaxis versus placebo was attributed 
mostly to a reduction in the rates of deep and organ 
space surgical site infections.

Comparison with other studies
The overall incidence of surgical site infection in our 
study (17.3%) was slightly higher than hypothesised 
but consistent with rates reported in previous trials 
(ranging from 7% to 26%).5 6 17 28 A possible explanation 
is the 35.5% proportion of rectal procedures in this 

Pr
ob

ab
ili

ty
 o

f n
o 

in
fe

ct
io

n

0
0 5 10 15 20 25 30

463

463

Oral prophylaxis

Placebo

455

450

429

412

418

387

413

378

407

370

403

363

0.4

0.6

1.0

0.8

0.2

Days since randomisation

Oral prophylaxis
Placebo

Fig 2 | Kaplan-Meier probability of surgical site infection (modi!ed intention-to-treat 
population). Raw data for the Kaplan-Meier probability of surgical site infection were 
censored at 30 days a&er surgery (hazard ratio with oral prophylaxis versus placebo 
0.57, 95% con!dence interval 0.43 to 0.78). The Cox proportional-hazards model was 
unadjusted

Table 3 | Primary and secondary outcomes of participants in modi!ed intention-to-treat population. Values are numbers (percentages) unless stated 
otherwise
Outcomes Oral prophylaxis group (n=463) Placebo group (n=463) Relative risk (95% CI)* P value
Primary outcome        
Any surgical site infection within 30 postoperative days 60 (13.0) 100 (21.6) 0.60 (0.45 to 0.80) 0.001
Secondary outcomes†        
Super*cial incisional infection 15 (3.2) 24 (5.2) 0.56 (0.29 to 1.09) 0.09
Deep incisional infection 22 (4.8) 37 (8.0) 0.54 (0.31 to 0.92) 0.03
Organ space infection 23 (5.0) 39 (8.4) 0.53 (0.31 to 0.91) 0.02
SIRS 96 (20.7) 122 (26.4) 0.79 (0.62 to 0.99) 0.045
Sepsis or septic shock 26 (5.6) 42 (9.1) 0.62 (0.39 to 0.99) 0.046
Arrhythmia 84 (18.1) 76 (16.4) 1.11 (0.83 to 1.47) 0.49
Acute heart failure 1 (0.2) 0 (0.0) NA 1.00
Myocardial infarction 0 (0.0) 1 (0.2) NA 1.00
Pneumonia 13 (2.8) 6 (1.3) 2.17 (0.83 to 5. 65) 0.11
Postoperative mechanical ventilation 9 (1.9) 15 (3.2) 0.60 (0.27 to 1.36) 0.22
Acute kidney injury 61 (13.2) 63 (13.6) 0.97 (0.70 to 1.34) 0.85
Clavien-Dindo classi*cation grade:        
 1 or 2 188 (40.6) 181 (39.1) 0.98 (0.74 to 1.29) 0.86
 ≥3 42 (9.1) 63 (13.6) 0.63 (0.41 to 0.97) 0.03
Anastomotic leakage 22 (4.8) 37 (8.0) 0.59 (0.36 to 0.99) 0.046
Reoperation 35 (7.6) 49 (10.6) 0.71 (0.47 to 1.08) 0.11
Surgical or endoscopic drainage 3 (0.7) 7 (1.5) 0.43 (0.11 to 1.65) 0.20
Mean (SD) time from randomisation to adjuvant chemotherapy 
initiation (days)

20 (5) 22 (6) NA 0.47

Unplanned hospital readmission 30 (6.5) 30 (6.5) 1 (0.61 to 1.63) 1.00
Unplanned admission to ICU 1 (0.2) 5 (1.1) 0.20 (0.02 to 1.71) 0.14
Median (IQR) duration of hospital stay (days) 6 (5-10) 7 (5-11) NA 0.48
Median (IQR) hospital-free days at 30 days (days) 24 (20-25) 23 (19-25) NA 0.48
Death:        
 At 30 days 2 (0.4) 5 (1.1) 0.40 (0.08 to 2.05) 0.27
 At 90 days 5 (1.1) 10 (2.2) 0.50 (0.17 to 1.45) 0.20
CI=con*dence interval; ICU=intensive care unit; IQR=interquartile range; NA=not applicable; SIRS=systemic inflammatory response syndrome.
*Relative risk is for oral prophylaxis group compared with placebo group. Con*dence intervals were not adjusted for multiple comparisons of other secondary outcomes; thus these analyses are 
exploratory and should not be used to infer de*nitive treatment e.ects. Supplementary table S3 shows the results of adjusted outcome analyses.
†All secondary outcomes, except 90 day mortality, were assessed up to 30 days a/er surgery.
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study. Rectal resection is associated with a higher risk 
of anastomotic leakage and surgical site infections 
than would be expected after intraperitoneal colon 
resection.29

Previous meta-analyses of randomised trials have 
suggested that use of oral antibiotics, whether alone 
or in combination with mechanical bowel preparation, 
is associated with lower rates of surgical site 
infections.13  14 30 These trials had several limitations 
however, including the main use of open surgery, 
which may be associated with a greater risk of surgical 
site infection than laparoscopic surgery,31 and, in 
many of these trials, the postoperative continuation 
of antibiotic prophylaxis—a strategy that is no longer 
recommended.32 Also, the oral antibiotics, dosages, 
and timings varied across studies, making the results 
difficult to translate into clinical practice. Several 
antibiotic regimens have been previously evaluated 
for oral prophylaxis.13 Although nitroimidazole 
derivatives in combination with aminoglycosides 
were frequently used, no clear evidence exists on 
which preferred type and dosage of oral antibiotics 
should be used before colorectal surgery.8 Antibiotics 
with the narrowest possible spectrum should be used 
to produce as little inadvertent damage as possible 
to the endogenous microflora, which provides a 
natural resistance to colonisation, and to reduce the 
emergence of resistant organisms. In our study, we 
assessed the effect of a single preoperative oral dose 
of 1 g ornidazole, which has a spectrum of activity 
extended to most anaerobes encountered in the 
colon and the rectum, has a longer elimination half 
life than other nitroimidazole derivatives (especially 
metronidazole)—the pharmacokinetic profile of which 
allows a single dose to be administered the day before 
surgery, and is widely available. Additionally, no 
serious adverse event was recorded in our study.

A major component of the controversy about oral 
antimicrobial prophylaxis is the use of mechanical 
bowel preparation. In our pragmatic randomised study, 

bowel preparation was used in accordance with current 
practice, which states that bowel preparation should be 
avoided before colonic surgery but might be beneficial 
in patients having rectal resections.23 However, the 
treatment effect showed heterogeneity, suggesting 
that in patients who received mechanical bowel 
preparation, an excess risk of surgical site infection 
might be associated with placebo (versus ornidazole). 
In patients who did not undergo bowel preparation, 
we found no evidence of a difference in risk of surgical 
site infection between placebo and ornidazole. Finally, 
the combination of ornidazole and mechanical bowel 
preparation seems to be associated with the lowest risk 
of surgical site infection. The findings in the present 
study contrast with those of the recent MOBILE study 
in patients having elective colon resection, in which 
mechanical and oral antibiotic bowel preparation 
was not associated with a reduced rate of surgical 
site infections or overall morbidity compared with no 
bowel preparation.17 In another multicentre, single 
blind, randomised trial of 565 patients who did not 
receive bowel preparation, oral antibiotic prophylaxis 
was associated with a reduced rate of surgical site 
infections; this study did not, however, include rectal 
surgery.33 In our study, the effects of oral prophylaxis 
in the prespecified subgroup analysis did not differ 
between the groups who underwent colonic surgery 
and rectal surgery. The number of patients who had 
rectal surgery was, however, too low to draw definite 
conclusions.8 9

Strengths and limitations of this study
The strengths of our study include the large sample 
size and the multicentred and pragmatic design with 
maintenance of usual care, including compliance 
with the programme for early recovery after surgery. 
Moreover, unlike previously available published 
studies, our trial was not restricted to colonic surgeries, 
allowing the findings to be generalisable to colorectal 
surgery overall.
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  Colectomy

  Rectal resection

0.60 (0.45 to 0.80)

0.33 (0.20 to 0.57)
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Fig 3 | Relative risks with 95% con%dence intervals for the primary outcome of surgical site infection within 30 days a'er surgery in the oral 
prophylaxis group and placebo group, among all patients and in the two prede%ned subgroups. The widths of the con%dence intervals for subgroup 
analyses were not adjusted for multiplicity and should not be used to infer de%nitive treatment e(ects. Mechanical bowel preparation consisted of 
polyethylene glycol or senna solution
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Essai randomisé contrôlé chirurgie colorectale
ATB plaxie IV précédée (h-12h) de MTZ p.o. vs. ATBplaxie IV 

Efficace mais le comparateur de l’époque = suboptimal (cefoxitine seule) 
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Spectre ”digestif” : simulations PK/PD

guidelines also acknowledge the need for research on ‘. . . targeted
antimicrobial concentrations and intraoperative monitoring of . . .
serum and tissue concentrations to optimize efficacy’.1 Our
objective was to use Monte Carlo simulation (MCS) with an inte-
grated PK-PD model to evaluate guideline-recommended AP regi-
mens with anaerobic coverage in abdominal surgery.

Methods
Simulated subjects and AP
MCS methods (SYSTAT, version 12), depicted in Figure 1, were used to simu-
late 5000 study subjects receiving AP with anaerobic coverage in elective
abdominal surgery. Patient demographics were characterized by Gaussian
distributions of body weight (75.0+11.3 kg) and normal renal function
[creatinine clearance (CLCR) of 90.0+9.0 mL/min/72 kg]. For validation,
simulations were repeated using different seeds and sample sizes up to
10000 subjects.

Guideline-recommended AP regimens were studied (cefazolin 2 g plus
metronidazole 500 mg, cefoxitin 2 g), as well as broad-spectrum alternatives
(ceftriaxone 2 g plus metronidazole 500 mg, ertapenem 1 g) and non-b-
lactam alternatives (gentamicin 5 mg/kg plus metronidazole 500 mg,
gentamicin 5 mg/kg plus clindamycin 900 mg, levofloxacin 500 mg plus
metronidazole 500 mg, levofloxacin 500 mg plus clindamycin 900 mg).1

Individual free (unbound) plasma concentration profiles were generated for
each AP regimen in the 5000 simulated subjects. AP was delivered as single
intravenous doses administered 1 h pre-incision and infused over 15 min or
60 min for levofloxacin and 30 min for clindamycin. One-compartment PK
models with parameters relevant to the study population were used and, if
available, studies in patients undergoing surgery with sufficient data to identify
covariate relationships (e.g. body weight and volume of distribution, CLCR and
drug clearance) were selected. Otherwise, Gaussian distributions of PK para-
meters consistent with the study population were modelled. Cefazolin PK
were adapted from studies in aortic aneurysm repair7 and general surgery,8

whereas cefoxitin and ceftriaxone data were from patients undergoing colo-
rectal9 and thoracic operations,10 respectively. Ertapenem PK were adapted
from studies in healthy volunteers,11 gentamicin from our studies in colorectal
surgery6,12 and levofloxacin from patients undergoing prostatectomy.13

Metronidazole PK were adapted from studies in healthy volunteers14 and colo-
rectal surgery,15 whereas clindamycin data were from patients being treated
for osteomyelitis.16

SSI pathogen and MIC distributions
Relevant pathogen and MIC distributions in SSIs were constructed using data
from national surveillance studies. First, the distribution of aerobic pathogens
was adapted from SSI isolates (n¼5617) associated with abdominal surgery
reported to the National Healthcare Safety Network of the CDC in 2009 and

MCS

Free (unbound) plasma antimicrobial
concentration profiles in simulated subjects

Pathogen and MIC distributions in SSIs
associated with abdominal surgery 

Predicted PTA for each antimicrobial and MIC value calculated as percentage of  5000
simulated subjects with free plasma concentrations above that MIC at 1, 2, 3, 4, 5 and 6 h

after the pre-operative dose

APa

5000 simulated subjects, with
relevant patient demographics and
normal renal function, undergoing

elective abdominal surgery

CTA for each antimicrobial and SSI pathogen distribution
calculated by multiplying each PTA by the fraction of isolates with

that MIC and summing the values

Figure 1. MCS of AP with anaerobic coverage in elective abdominal surgery. aRecommended AP in surgery (cefazolin 2 g plus metronidazole 500 mg,
cefoxitin 2 g), broad-spectrum alternatives (ceftriaxone 2 g plus metronidazole 500 mg, ertapenem 1 g) and non-b-lactam alternatives (gentamicin
5 mg/kg plus metronidazole 500 mg, gentamicin 5 mg/kg plus clindamycin 900 mg, levofloxacin 500 mg plus metronidazole 500 mg, levofloxacin
500 mg plus clindamycin 900 mg) administered as single intravenous doses 1 h pre-incision.
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Simulations de Monté carlo

n = 5000 patients simulés de chir digestive

Molécules d’antibioprpohylaxie digestive

Données PK/PD de population et CMI pathogènes ciblés

Probabilités (%) simulées de [ATB] > différentes CMI = PTA

Probabilités cumulées (%) [ATB] > cumulées selon distribution CMI = CTA
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Spectre ”digestif” : simulations PK/PD

CTA over 6 h for the recommended AP regimens against poten-
tial SSI pathogens is depicted in Figure 2(a and b). For comparison,
CTA values 4 h after the pre-operative dose (2 h for cefoxitin) are
reported in Table 3. Cefazolin plus metronidazole covered SSI
aerobes in 70% and the B. fragilis group in 99% of simulated sub-
jects, whereas cefoxitin covered aerobes and anaerobes in 63%
and 27% of cases, respectively. The broad-spectrum regimen of
ceftriaxone plus metronidazole covered aerobes in 82% and
anaerobes in 99% of simulations, while ertapenem covered aero-
bes in 88% and anaerobes in 90% of cases. The non-b-lactam
alternatives provided variable aerobic coverage ranging from
79% with levofloxacin plus either metronidazole or clindamycin
to 91% with gentamicin plus clindamycin. The B. fragilis group
was covered in 99% of cases with metronidazole, but only 11%
with clindamycin.

CTA profiles for cefazolin prophylaxis with the recommended
2 g in the study population are shown in Figure 3(a). AP with 2 g
of cefazolin maintained target attainment in simulated subjects
from 80 kg to 120 kg including those in the upper range
(Figure 3b). Although 1 g doses sustained S. aureus coverage in
those ,80 kg, there was lower target attainment against poten-
tial Gram-negative pathogens. Compared with 2 g, the absolute
CTA with 1 g doses in simulated subjects from 70 kg to 79 kg

was 12% lower at 4 h with a more rapid decline thereafter against
E. coli and other Enterobacteriaceae (Figure 3c). Similar results
were observed in those from 60 kg to 69 kg.

CTA results for gentamicin prophylaxis with the suggested
5 mg/kg in the study population are depicted in Figure 4(a). AP
with 3 mg/kg gentamicin was comparable to 5 mg/kg over 6 h
(Figure 4b), whereas the traditional 1.5 mg/kg dose was asso-
ciated with lower target attainment particularly beyond 4 h
(Figure 4c). Compared with 5 mg/kg, the absolute CTA with
1.5 mg/kg doses was 10% lower at 5 h and 18% lower at 6 h
against all potential aerobic SSI pathogens. At 6 h, target attain-
ment was 13% lower against S. aureus, 23% lower against E. coli
and 33% lower against other Enterobacteriaceae.

Discussion
While antimicrobial PK-PD principles in the treatment of infections
are relatively well established,23–25 research into the prevention of
infections is limited. Antimicrobial PD studies using MCS integrate
multiple variables with complex relationships involving patient char-
acteristics, antimicrobial PK and pathogen susceptibilities. In that
context, ‘what-if’ scenarios with relevant probability distributions
can be objectively compared based on outcomes such as the prob-
ability of achieving desired PD targets. For the treatment of infec-
tions, this can involve comparing antimicrobials, designing dosing
regimens, determining susceptibility breakpoints and studying dif-
ferent patient populations (e.g. dialysis, critically ill). Opportunities
in AP include testing different antimicrobials, dosing and timing of
administration while accounting for patient (e.g. body weight,
renal function), microbiological (e.g. pathogen and MIC distribu-
tions) and surgical (e.g. duration) factors. The robust and transla-
tional aspects of MCS-based research can probe important issues
related to optimal antimicrobial use that otherwise would not or
could not be studied.
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Figure 2. CTA for AP regimens against potential (a) aerobic pathogens
(triangles, cefazolin 2 g; squares, cefoxitin 2 g; circles, ceftriaxone 2 g;
diamonds, ertapenem 1 g; plus symbols, gentamicin 5 mg/kg; crosses,
levofloxacin 500 mg) and (b) anaerobic pathogens (squares, cefoxitin
2 g; diamonds, ertapenem 1 g; plus symbols, metronidazole 500 mg;
crosses, clindamycin 900 mg).

Table 3. CTA or percentage of simulated subjects with free antimicrobial
plasma concentrations above the MICs for potential SSI pathogens (4 h
after the pre-operative dose for all antimicrobials except 2 h for cefoxitin)

AP

Aerobic
SSI

pathogensa

Anaerobic
SSI

pathogensb

Recommended
cefazolin 2 g plus metronidazole 500 mg 70% 99%
cefoxitin 2 g 63% 27%

Broad-spectrum alternatives
ceftriaxone 2 g plus metronidazole 500 mg 82% 99%
ertapenem 1 g 88% 90%

Non-b-lactam alternatives
gentamicin 5 mg/kg plus metronidazole 500 mg 82% 99%
gentamicin 5 mg/kg plus clindamycin 900 mg 91% 11%
levofloxacin 500 mg plus metronidazole 500 mg 79% 99%
levofloxacin 500 mg plus clindamycin 900 mg 79% 11%

a34.8% E. coli, 21.6% S. aureus, 10.5% P. aeruginosa, 10.1% Klebsiella spp.,
10.1% Streptococcus spp., 8.4% Enterobacter spp. and 4.5% Proteus spp.
b59.9% B. fragilis and 40.1% other Bacteroides spp.

Antimicrobial prophylaxis in abdominal surgery

2905

JAC

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/71/10/2902/2388587 by guest on 19 January 2023

Pour la chirurgie digestive on n’atteint des probabilités de couverture anaérobie qu’en ajoutant Le MTZ



Spectre digestif : RFE 2018

Pour la chirurgie digestive on n’atteint des probabilités de couverture anaérobie qu’en ajoutant Le MTZ

    
 

-  réactualisation SFAR 2018 - 23 

Antibioprophylaxie en chirurgie digestive (suite) 

Acte chirurgical Produit Dose initiale Ré-injection et durée 

Chirurgie de l’intestin grêle (y 
compris anastomose bilio-
digestive) 
 
Chirurgie colorectale et 
appendiculaire ** (y compris 
plastie colique) 
 
En chirurgie colorectale une 
antibioprophylaxie par voie orale 
prescrite en 3 doses la veille de la 
chirurgie doit être prescrite sous 
forme de néomycine  et 
d’érythromycine. Ces antibiotiques 
sont prescrits chacun à la dose de 
500 mg per os administrés toutes les 
8 heures la veille de l’intervention. 
Devant les difficultés actuelles 
d’obtenir de la néomycine orale cette 
prescription ne pourra être effective 
que lors de la disponibilité assurée 
de néomycine orale. 
L’antibiothérapie IV est donc pour 
l’instant la seule recommandée. La 
céfoxitine IV est préconisée, associée 
au métronidazole IV en raison des 
risques de résistance de B. fragilis au 
premier antibiotique. Sans 
antibioprophylaxie orale l’emploi de 
peni A + IB*** n’est pas 
recommandé en raison d’une 
couverture insuffisante sur E. coli et 
les autres entérobactéries 

Céfoxitine 
       +  
Métronidazole 

2 g IV lente 
 
1 g en perfusion 

Dose unique (si durée > à 2h, 
réinjecter 1 g) 
Dose unique 

Allergie : 
Imidazolé  
      + 
Gentamicine 

 
1 g en perfusion  
 
5 mg/kg/j 

 
Dose unique 
 
Dose unique 

Chirurgie proctologique Imidazolé 1 g en perfusion Dose unique 

 
Cure d’éventration 
 

Céfazoline 2 g IV lente Dose unique  
(si durée > à 4h, réinjecter 1 g) 

Céfuroxime 
       ou 
Céfamandole 

1,5 g IV lente Dose unique  
(si durée > à 2h, réinjecter 0,75 g) 

Allergie : 
Gentamicine  
        + 
Clindamycine 

 
 
5 mg/kg/j 
 
900 mg IV lente 
  

 
 
Dose unique 
 
Dose unique  
(si durée > à 4h, réinjecter 600 mg) 

Plaies de l’abdomen Voir chirurgie colorectale  

Prolapsus (toute voie d’abord, 
avec ou sans mise en place de 
matériel) 

Peni A + IB*** 2 g IV lente Dose unique  
(si durée > à 2h, réinjecter 1 g) 

Allergie : 
Gentamicine 
        +  
Métronidazole 

 
5 mg/kg/j 
 
1 g en perfusion 

 
Dose unique 
 
Dose unique 

* cholécystectomie par laparoscopie sans facteurs de risque : absence de cholécystite récente, pas de conversion en 
laparotomie (si conversion faire ABP), pas de grossesse, pas d’immunodépression, pas d’exploration des voies 
biliaires per-opératoire. Si facteurs de risque se reporter à la rubrique « chirurgie des voies biliaires ».  
** : appendice normal ou macroscopiquement peu modifié. 
*** : aminopénicilline + inhibiteur de bêtalactamases 

https://sfar.org/mise-a-jour-de-la-rfe-antibioprophylaxie-2017/

https://sfar.org/mise-a-jour-de-la-rfe-antibioprophylaxie-2017/


Principes restent valides

• Molécules moins utilisées pour les infections et de spectre ciblé

• Dose de charge (± selon poids)

• Injection dans les 30 min avant incision et réinjections /2 demi-vies

Perspectives

• Optimisation PK/PD de population

• Etudier les effets des molécules sur le microbiote

• Comparer en prospectif les antibioprophylaxies

Conclusions



• ”Antibioprophylaxies” de situations supposées de translocation

- Polytraumatisme

- Etat de choc

- Arrêt cardiaque

• Décontamination digestive séléctive de réanimation (+ ”antibioprophylaxie longue”)

• Prévention PAVM par antibioprophylaxie

Ce que je n’ai (volontairement) pas abordé


