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= « post operative intra abdominal abscess »
(≈ complicated intra-abdominal infection)

Définition:
•  accumulation de liquide inflammatoire 
•  composée de microorganismes et de cellules 
•  au sein de la cavité péritonéale
•  limitée par une pseudo capsule formée par la réponse immunitaire de l’hôte 
•  dans un contexte post opératoire

Ce dont on ne parle pas:
- coulées de nécrose pancréatique
- abcès parenchymateux (splénique ou hépatique)
- hématome surinfecté

Collection intra-abdominale post opératoire



Collection infectée de la gouttière 
para-colique gauche post colectomie

Collection infectée sous diaphragmatique 
gauche post splénectomie 
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Localisation des collections intra-abdominales 

Le liquide péritonéal guidé par les replis mésentériques (1 et 2) et des mésos (méso-sigmoïde) (3 et 4) se collecte dans les fosses iliaques (5).
Le liquide remonte vers le diaphragme par la gouttière pariétocolique droite (6).
Il arrive dans l'arrière-cavité des épiploons (zone en pointillés) (9) par la fosse hépatorénale de Morrison et le hiatus de Winslow (7).
Le liquide irrigue également la région péri-hépatique à partir de l'espace sous-phrénique postérieur (8).
La zone préférentielle de résorption du liquide péritonéal se situe sur la face inférieure du diaphragme (cercle bleu clair)

Zappella N et al. Physiologie humaine appliquée 2e édition ARNETTE, in Press
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Pronostic des rats avec péritonites infectées par injection intra-péritonéale 
en fonction de différents pathogènes inoculés
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Ø Fréquent:
• 9% des patients dans les suites d’une chirurgie hépato-biliaire 
• 6% des patients dans les suites d’une chirurgie colorectale
• 2.4% des patients dans les suites d’une chirurgie bariatrique
• Survenue dans les 5-7 jours post opératoires

Ø Grave:
• occlusion intestinale
• fistulisation
• sepsis
• décès (jusqu’à 21% !)

Ø Prise en charge:
1- Réduction de l’inoculum infectant (="Source control")

2- Antibiothérapie Mehta et al. StatPearls 2025
Aurora et al. Surg Endosc 2012

Malangoni et al. Am J Surg 1990
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Siewert et al. AJR 2006 
Brandt et al. Dis Colon Rectum 2006 

Mali et al. World Journal of Emergency Surgery 2019

diverticular abscesses [11]. Patients with an abscess
larger than 80 mm often had conditions requiring imme-
diate surgery, such as peritonitis or free air in CT scan,
and surgery was the most common first-line treatment
(43%) in this group. Half of those, who were initially
treated conservatively, required surgery within 30 days.
Percutaneous drainage was attempted for 35% of
patients with abscess ≥ 40mm, who did not undergo
surgery as the first-line treatment. However, due to tech-
nical difficulties, only 18% were successfully drained.
Treatment with antibiotics alone decreased as abscess
size increased.

Percutaneous drainage combined with antibiotics as a
treatment for abscess did not seem to be superior when
compared to treatment by only antibiotics. Our data
showed no differences in the failure rate, 30-day mor-
tality, need of emergency surgery, permanent stoma,
recurrence, or length of stay even between the groups of
matched patients. WBC count ≥ 15.0 × 109/l, abscess
diameter ≥ 50mm, and corticosteroid medication were
independent risk factors for failure of treatment with
antibiotics alone.
Over half of the patients in our study required surgery

for abscesses ≥ 60 mm, and in 42%, surgery was the

Table 1 Basic characteristics and outcomes for patients grouped by the diameter of the largest abscess
< 20 mm
(n = 25)

20–39 mm
(n = 82)

40–59 mm
(n = 71)

60–79mm
(n = 35)

≥ 80 mm
(n = 28)

p value

Basic characteristics

Sex female 17 (68%) 48 (59%) 43 (61%) 18 (51%) 19 (68%) 0.64a

Age, years, median (IQR) 63 (57–68) 59 (48–69) 61 (50–73) 65 (59–73) 68 (58–77) 0.13b

WBC, × 109/l, median (IQR) 11.4 (8.4–14.7) 11.7 (9.5–14.5) 12.0 (9.0–15.0) 13.8 (7.2–16.0) 13.2 (9.1–17.2) 0.73b

CRP, mg/l, median (IQR) 139 (109–200) 117 (80–159) 131 (86–210) 216 (106–273) 190 (128–288) 0.008b

Earlier diverticulitis 5 (20%) 26 (32%) 20 (28%) 7 (20%) 5 (18%) 0.46a

Multiple abscesses 0 13 (16%) 14 (20%) 6 (17%) 3 (11%) 0.18a

Charlson Comorbidity Index,
median (IQR)

2 (1–3) 2 (1–3) 2 (1–4) 3 (1–5) 3 (1–5) 0.02b

Glucocorticoid medication 1 (4%) 5 (6%) 10 (14%) 7 (20%) 5 (18%) 0.01c

Pelvic abscess 2 (8%) 9 (11%) 28 (39%) 21 (60%) 18 (64%) < 0.001c

Outcomes

Antibiotics only as first-line treatment 25 (100%) 75 (91%) 53 (75%) 16 (46%) 10 (36%) < 0.001c

Antibiotics only successful 24 (96%) 68 (91%), n = 75 43 (81%), n = 53 12 (75%), n = 16 3 (30%), n = 10 < 0.001c

Drainage attemptedd 0 5 (6%) 17 (24%) 9 (26%) 9 (32%) < 0.001c

Received draind 0 0 9 (13%) 2 (6%) 7 (25%) < 0.001c

Aspiration onlyd 0 2 (2%) 2 (3%) 3 (9%) 1 (4%) 0.18c

Successful drainaged 0 2 (100%), n = 2 9 (82%), n = 11 4 (80%), n = 5 5 (63%), n = 8 0.002c

Operative treatmente 1 (4%) 12 (15%) 17 (24%) 17 (49%) 20 (71%) < 0.001c

Hartmann 0 8 8 10 12

Primary anastomosis 1 3 6 6 5

Drainage operatively 0 1 2 1 2

Colectomy 0 0 1 0 1

Operative treatment as first line 0 6 (7%) 9 (13%) 14 (40%) 12 (43%) < 0.001c

Successful first line operative treatmentf 0 6 (100%), n = 6 9 (100%), n = 9 8 (57%), n = 14 10 (83%), n = 12 0.15c

30-day mortality 0 1 (1%) 3 (4%) 7 (20%) 1 (4%) 0.01c

Length of hospital stay, days,
median (IQR)

2 (1–3) 3 (1–6) 4 (3–9) 6 (4–13) 15 (6–25) < 0.001b

WBC white blood cell count, IQR interquartile range, CRP C-reactive protein
aχ2 test
bKruskal-Wallis H test
cLinear-by-liner χ2 test
dEither as first-line treatment or after failed treatment with antibiotic
eEither as first-line treatment or after failure of conservative treatment
fNo re-operation or death within 30 days
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A partir de quelle taille? 
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observe significantly higher postoperative complications in 
the antibiotics group as stated by Elagali et al. [14]. These 
findings raise the question whether percutaneous abscess 
drainage is always necessary or could be omitted in larger 
abscesses especially in the view of limited interventional 
radiology capacities and the potential complications asso-
ciated with drainage insertion which range between 0 and 
15% [3, 16]. Indeed, Siewert al. [31] showed that patients 
with abscess sizes between 3 and 4 cm can be effectively 
treated with antibiotics alone and Mali et al. [16] confirmed 
this observation even in abscess sizes ≥ 4 cm. Another study 
recommended a limit of two attempts for drainage place-
ment in persistent diverticular abscess to avoid potential 
morbidity and ostomy creation with increased healthcare 
costs [32]. Based on our analysis, an increased BMI at the 

time of surgery for diverticular abscess requires a higher 
rate of ostomy formation, an observation which is further 
supported by an American study including 114 patients 
with abscess drainage [33]. Another large American data-
base query [34] also revealed obesity as an independent risk 
factor of ostomy creation in diverticulitis. The purpose of 
ostomy formation is to avoid potential serious complications 
in obese high-risk patients. One important issue that must 
be addressed is the heterogeneity in definition of medical 
treatment failure across the available studies with reported 
abscess-related adverse events ranging from 30 days to 
6 months after index admission [35–37]. A recently pub-
lished meta-analysis [6] defined failure of non-operative 
management as persistent/aggravated abscess and/or sep-
sis, occurrence of abscess-caused complications, and the 

Table 3  Uni-and multivariate analyses of predictive risk factors of medical therapy failure/urgent-emergency surgery

ASA American Society of Anesthesiologists, BMI body mass index, CRP C-reactive protein, WBC white blood count

Failed medical therapy/
urgent-emergency 
surgery
(n = 18)

No failed medical therapy/
urgent-emergency surgery
(n = 87)

p value Odds ratio (95% CI) p value

Variables Univariate analysis Multivariate analysis
Gender (n; %) 1.00

  Male
  Female

10 (55.56)
8 (44.44)

46 (52.87)
41 (47.13)

  Age (years) (mean ± SD) 51.555 ± 13.156 56.356 ± 11.928 0.130
  BMI (kg/m2) (mean ± SD) 29.156 ± 8.269 27.431 ± 6.183 0.314

ASA (n; %) 0.186
  I
  II
  III
  IV

1 (5.56)
9 (50.0)
8 (44.44)
0 (0)

20 (22.99)
44 (50.57)
21 (24.14)
2 (2.30)

Diabetes mellitus (n; %) 0.344
  Yes
  No

2 (11.11)
16 (88.89)

5 (5.75)
82 (94.25)

Arterial hypertension (n; %) 0.010 0.407 (0.115–1.441) 0.163
  Yes
  No

13 (72.22)
5 (27.78)

33 (37.93)
54 (62.07)

Chronic kidney disease (n; %) 0.007 0.257 (0.048–1.393) 0.115
  Yes
  No

5 (27.78)
13 (72.22)

4 (4.60)
83 (95.40)

Immunosuppression (n; %) 0.130
  Yes
  No

5 (27.78)
13 (72.22)

10 (11.49)
77 (88.51)

CRP (mg/dl) (mean ± SD) 8.516 ± 8.385 5.927 ± 7.655 0.202
WBC (× 1000/µl) (mean ± SD) 12.638 ± 5.801 10.300 ± 4.611 0.065
Hemoglobin (g/dl) (mean ± SD) 12.677 ± 2.236 13.460 ± 2.053 0.151
Thrombocytes (× 1000/µl) (mean ± SD) 328.277 ± 111.098 291.494 ± 150.769 0.330
Number of flairs (mean ± SD) 1.722 ± 0.894 1.724 ± 0.960 0.994
Abscess size (n; %)  < 0.0001 9.904 (2.778–35.309)  < 0.0001

  Micro
  Macro

4 (22.22)
14 (77.78)

69 (79.31)
18 (20.69)

Vaghiri et al. Int. J. Colorectal Dis 2024
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Comment drainer?
Ø Voie percutanée, sous contrôle imagerie: 

Efficacité: 76-85%
FDR d’échec:

o Caractéristiques morphologiques de l’abcès:   
- multi-loculé     
- mal délimité
- fistule visualisée
- contenant des matières fécales ou semi-solides (hématome) (>20UH)

o Présence d’une "collection résiduelle » post drainage
o Drainage précoce (<7 jrs) post opératoire    

Ø Voie endoscopique:
Efficacité: 85-93%
 FDR d’échec:

o Caractéristiques morphologiques de l’abcès:   
- fistule visualisée

o Difficulté technique d’abord

Commander et al. J Vasc Interv Radiol 2020
Bernini et al. Dis Colon Rectum 1997

Bouali et al. J Belge Radiol 1993

Kassi et al. Am J Surg 2013

Okita et al. Surg Today 2013

Donatelli et al. Surg Endosc 2018
Donatelli et al. Surg Obes Relat Dis 2021

Holt et al. J Hepatobiliary Pancreat Sci 2015

Si échec: intérêt de répéter la procédure
Gervais et al. AJR Am J Roentgenol 2004

Gee et al. AJR Am J Roentgenol 2010
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by computed tomography (CT). The indication for
PAD was considered when the clinical course and
morphologic signs on the CT scan demonstrated an
abdominal retention. PAD was performed in close
cooperation between the interventional radiologist
and the surgeon.
The success of PAD was defined as clinical im-

provement within 24 hours, a morphologic decrease
in the size of the abscess formation, and complete
recovery without further surgical intervention. Per-
sistent abscess formations despite PAD and the neces-
sity of a reoperation for recovery were criteria that
defined the nonsuccess of PAD. The localization of
the primary abscess was defined by dividing the ab-
dominal cavity into four quadrants (right upper, left
upper, right lower, left lower), retroperitoneal cavity,
and the pelvis. Morbidity and mortality caused by the
PAD procedure were assessed and outcome data was
analyzed with regard to PAD success and type of
operation. All patients received antibiotics post-PAD
that were ideally adapted to the bacteria indicated.
Statistical analysis was analyzed by the χ2 test.
All procedures were guided by CT and performed

under local anesthesia after written informed consent
was obtained. Catheters were placed into the abscess
formation using the Seldinger technique or the coax-
ial technique. A multiple side hole catheter (Flexima
regular all purpose; Boston Scientific [Med-Tech Di-
vision], Natick, MA) was used. Catheter sizes ranged
from 8F to 16F according to the viscosity of the
material. Initially, CT-guided diagnostic aspiration
was performed and the material was examined for
bacterial analysis. A properdrainwas then situated and
its placement was checked by CT. Once checked, it
was anchored externally by suturing. Follow-up im-
aging studies were obtained without any specific pro-
tocols. The decision to obtain follow-up CT scan was
based on the clinical course of the patient and the type
and location of the abscess formation. The catheters
were removed when the abscess formation was com-
pletely drained or indicated a considerable reduction
in size on follow-up CT scan.

RESULTS

One hundred seventy-four patients out of 3346
patients (5.2%) required PAD for the treatment of
a postoperative intraabdominal abscess. The majority
(| 9%) of postoperative abscess complications oc-
curred after hepatobiliary and pancreatic surgery

(Table 1). In 63 patients the abscess formation was
located in the right upper or lower quadrant, in 66
patients the abscess formation was located in the left
quadrants, and in the remaining patients the abscess
formation was located in the retroperitoneal cavity
or pelvis (Table 2). PAD was successful in 85.6%
(149 out of 174) of the patients. In 14.4% (25 out of
174) of the patients, PAD was not successful. This
was caused by fistula-associated abscesses with major
leakage in 8 patients, left subphrenic abscesses with
involvement of the pancreas in 5 patients, nondraina-
ble necrotic material in 3 patients, multiple abscess
formations in 5 patients, and persistency despite drain-
age in 4 patients. The necessary reoperations were
performed on the second to fifth day post-PAD.
PAD most likely failed when the abscess was lo-

cated in the left upper quadrant (Table 2). Reopera-
tion was performed in 12 out of 44 patients (27.3%)
with an abscess in the left upper quadrant. The best
success rate of PAD was achieved when abscesses
were located in the right upper or lower quadrant.
Reoperation in this subgroup was necessary in only
7.9% of the patients (5 out of 63). Complications due
to PAD occurred in 4.6% of the patients (8 out of
174). Intestinal fistulas in 3 patients and intestinal
bleeding in 5 patients required successful operative
intervention. Intrahepatic bleeding with subsequent
liver necrosis, which was attributable to PAD, caused
the death of one patient. A total of 44 patients
died postoperatively (1.2%). The mortality rate of
all patients with intraabdominal abscess formations—
independent of the therapeutic approach—was 8%
(14 out of 174). Mortality rate was lower in patients
with a successful PAD (6.7%) in contrast to pa-
tients requiring subsequent operation (16%). This
was statistically significant (Table 3).

DISCUSSION

This study focuses on PAD as a postoperative in-
traabdominal abscess treatment. Because of its high

Table 1. Percutaneous abscess drainage (PAD) rate
according to operated organs

Operations n PAD (n) %

Esophagus 491 9 1.8
Gastric/duodenum 712 21 2.9
Hepatobiliary/pancreas 581 52 8.9
Colorectal 1151 67 5.8
Other 411 25 6.1

Total 3346 174 5.2
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Table 2. Correlation of localization of
postoperative abscess formations and success rate

Successful Unsuccessful
Localization n PAD n (%) PAD n (%)

Right upper quadrant 48 44 (92) 4 (8)
Right lower quadrant 15 14 (93) 1 (7)
Left upper quadrant 44 32 (73) 12 (27)
Left lower quadrant 22 19 (86) 3 (14)
Retroperitoneal 45 40 (89) 5 (11)
cavity/pelvis

Total 174 149 (86) 25 (14)

PAD ! percutaneous abscess drainage.

success rate, low incidence of procedure-associated
complications, and moderate invasiveness PAD of
intraabdominal abscess formations is the standard
choice of care for abdominal sepsis. Success rates
indicate greater than 80% in the literature (Table
4).13–19 Our results correspond to these data. Compli-
cations usually occur in approximately 5% of the pa-
tients and procedure-associated lethality should be
below 1%.
In our study, experienced interventional radiolo-

gists performed CT-guided PAD. The advantages of
CT-guided drainage in contrast to ultrasound-guided
PAD are the objective and reproducible documenta-
tion, improved localization, diagnosis by use of con-
trast medium, and effective planning of the PAD. A
CT scan allows visualization of the entire abdomen
despite the overlay of bowel or postoperative ban-
dages. It is now the predominant imaging tool used
for postoperative PAD.
As alluded to in this article, the best indications

for PAD are encapsulated retentions in the paracolic,
perihepatic, and subphrenic spaces on the right side.
Limitations for PAD include so-called “complicated
abscesses,” such as retentions associated with exten-
sive anastomotic leakage, multiple abscess forma-
tions, nondrainable necrotic material, and extended
peritonitis. In these patients, primary surgical inter-
vention is usually necessary. Secondary operations are
required when PAD fails, which would mean that a
patient exhibited no clinical improvement despite

Table 3. Mortality of successful PAD vs.
unsuccessful PAD

Overall 14/174 (8.0%)
Successful PAD n! 149 101/149 (7.2%)
Unsuccessful PAD n !25 4/25 (16%)

p " 0.05

PAD ! percutaneous abscess drainage.

Table 4. Success rates and complication rates in
published series of percutaneous absecess drainage

Author Year Success rate (%) Complication (%)

Voros13 1996 92 7
Rothlin14 1998 85 3
Witzigmann15 1998 80 …
Dattola16 1999 93 5
Jansen17 1999 85 6.4
Our results 2003 85 4.6

PAD within 24–48 hours or that persistency of the
retention remained. The majority of postoperative
retentions (9%) occurred after hepatobiliary and pan-
creatic surgery.
The success rate of approximately 86% is concur-

rent with results published in the literature and also
demonstrates the benefit of this noninvasive treat-
ment for the patient. However, the limitations of
PAD have to be considered during the initial diagno-
sis.18,19 Patients with multiple abscess formations, ex-
tensive anastomotic leakages, pancreatic involvement,
or nondrainable necrotic material indicate a substan-
tial likelihood for subsequent secondary surgery.20,21
These patients required careful monitoring so as not
to postpone necessary surgery. Despite a high failure
rate with these indications, PAD might be still be
helpful for these patients. This is because PAD allows
microbiologic analysis of the material as well as po-
tential temporary relief for the patient with the possi-
bility of a careful operation plan.
The type of operation, such as major pancreatic

or hepatobiliary surgery, explains the predominant
location of abscess formation in the upper quadrants.
A close cooperation between the interventional radi-
ologist and surgeon best ensures the adequate timing
of a secondary operation. The indication for an inva-
sive procedure remains an individual decision.
Special attention should be paid not only to the

underlying type of operation, but also to the location
of the abscess formation. In our study, the left upper
quadrant was the most difficult location for a success-
ful PAD and, considerably, often required surgical
intervention (27%). This is probably caused by the
high rate of complicated abscess formation in this
area as well as to anatomic structures that prevent
straightforward drainage (e.g., spleen, splenic artery,
and left colic flexure) thus leading to complications
such as bleeding or intestinal fistula. In addition,
the size of the abscess formation also plays a role.
Benoist and colleagues demonstrated that a diameter
less than 5 cm is associated with a high failure rate
onmultivariate analysis as well as the lack of antibiotic
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Differences in Morbidity and Mortality with Percutaneous versus
Open Surgical Drainage of Postoperative Intra-abdominal
Infections: A Review of 686 Cases

AMANI D. POLITANO, M.D., TJASA HRANJEC, M.D., M.S., LAURA H. ROSENBERGER,
M.D., ROBERT G. SAWYER, M.D., and CARLOS A. TACHE LEON, M.D.
Department of Surgery, University of Virginia Health System, Charlottesville, Virginia

Abstract
Intra-abdominal infections following surgical procedures result from organ-space surgical site
infections, visceral perforations, or anastomotic leaks. We hypothesized that open surgical
drainage is associated with increased patient morbidity and mortality compared with percutaneous
drainage. A single-institution, prospectively collected database over a 13-year period revealed
2776 intra-abdominal infections, 686 of which required an intervention after the index operation.
Percutaneous procedures (simple aspiration or catheter placement) were compared with all other
open procedures by univariate and multivariate analyses. Analysis revealed 327 infections in 240
patients undergoing open surgical drainage and 359 infections in 260 patients receiving
percutaneous drainage. Those undergoing open drainage had significantly higher Acute
Physiology Score (APS) and Acute Physiology and Chronic Health Evaluation (APACHE) II
scores and were more likely to be immunosuppressed, require intensive care unit treatment, and
have longer hospital stays. Mortality was higher in the open group: 14.6 versus 4.2 per cent (P =
0.0001). Variables independently associated with death by multivariate analysis were APACHE II,
dialysis, intensive care unit (ICU) care, age, immunosuppression, and drainage method. Open
intervention for postsurgical intra-abdominal infections is associated with increased mortality
compared with percutaneous drainage even after controlling for severity of illness by multivariate
analysis. Although some patients are not candidates for percutaneous drainage, it should be
considered the preferential treatment in eligible patients.

Criteria for control or treatment of intra-abdominal infections include early diagnosis,
appropriate antibiotics, source control, and supportive care.1 For primary (spontaneous)
peritonitis, antibiotics alone may suffice. For secondary peritonitis in which the infection is
caused by contamination from a perforated viscus, source control can be obtained by a
variety of methods, including drainage, repair, resection, or diversion. Tertiary peritonitis is
a more vague entity that may also be effectively treated by these methods but that needs
assessment and intervention individualized to the situation.

Current guidelines from the Surgical Infection Society and the Infectious Diseases Society
of America for treatment of intra-abdominal infections include obtaining appropriate source
control.2 For diffuse peritonitis, urgent surgical intervention is recommended, whereas for
localized fluid collections that are accessible, percutaneous drainage (PD) is preferred over
open surgical drainage (SD). Several studies comparing the effectiveness of PD versus SD
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of 3–6 cm was generally accepted as a reasonable threshold
between antimicrobial versus percutaneous drainage in the man-
agement of diverticular abscesses [1]. In the 2017 guidelines for
management of intra-abdominal infections, it was noted that in
patients with complicated appendicitis and presenting with
abscess or phlegmon, the optimal management strategy is some-

what controversial [1]. Several studies have concluded that non-
operative treatment for periappendiceal abscesses or masses
results in fewer complications and shorter overall hospitalization
[8–10]. In 2010, a meta-analysis was published comparing conser-
vative treatment (i.e., antibiotic therapy with or without percuta-
neous abscess drainage) vs appendectomy for the treatment of

Table 3
Distribution of the 428 isolated pathogens (with available antibiotic susceptibility) according to community-acquired or healthcare-associated infections.

Isolated germs N = 428 (%) Community-acquired infections
N = 176 (41.1)
n (%)

Healthcare-associated infections
N = 252 (58.9)
n (%)

P value

Gram-negative 192 (46.6) 80 (41.7) 112 (58.3) 0.001
Enterobacterales 172 (89.6) 75 (43.6) 97 (56.4) 0.02
Escherichia coli 100 (58.1) 46 (46.0) 54 (54.0) 0.26
Proteus sp. 16 (9.3) 5 (31.3) 11 (68.7) 0.03

Enterobacterales* 27 (15.7) 9 (33.3) 18 (66.7) 0.01
Enterobacterales** 29 (16.9) 15 (51.7) 14 (48.3) 0.79
P. aeruginosa 18 (9.4) 5 (27.8) 13 (72.2) 0.008
A. baumanii 2 (1.0) 0 (0.0) 2 (100.0) 0.32

Gram-positive 154 (37.4) 59 (38.3) 95 (61.7) <0.001
Staphylococcus aureus 11 (7.1) 2 (18.2) 9 (81.8) 0.01
Streptococcus sp. 59 (38.8) 27 (45.8) 32 (54.2) 0.36
Enterococcus sp. 84 (54.5) 30 (35.7) 54 (64.3) <0.001
E. faecalis 33 (39.3) 10 (30.3) 23 (69.7) 0.001
E. faecium 25 (29.8) 8 (32.0) 17 (68.0) 0.01
Others 26 (31.0) 14 (53.8) 12 (46.2) 0.58

Anaerobes
Candida sp.

66 (16.0)
16 (0.2)

30 (54.5)
7 (43.7)

36 (63.6)
9 (56.2)

0.3
0.48

* Enterobacterales with low-level chromosomic penicillinase (Klebsiella pneumoniae, Citrobacter koseri. . .).
** Enterobacterales with low-level chromosomic cephalosporinase (Enterobacter cloacae, Serratia marcescens, Citrobacter freundii, Morganella morganii. . .).

Table 4
Susceptibility to major antibiotics used in intra-abdominal infections for 412 isolated bacteria (with available antibiotic susceptibility).

Isolated bacteria N = 412 (%) Susceptible to

Amoxicillin–acid clavulanic (%) Piperacillin–tazobactam
(%)

Cefotaxime–metronidazole
(%)

Carbapenem
(%)

Gram-negative 192 (46.6) 106 (55.2) 163 (84.9) 149 (77.6) 191 (99.5)
Enterobacterales 172 (89.6) 106 (61.6) 146 (84.9) 149 (86.6) 172 (100.0)
Escherichia coli 100 (58.1) 69 (69.0) 87 (87.0) 88 (88.0) 100 (100.0)
Proteus sp. 16 (9.3) 15 (93.8) 15 (93.8) 16 (100.0) 16 (100.0)
Enterobacterales* 27 (15.1) 22 (81.5) 22 (81.5) 23 (85.2) 27 (100.0)
Enterobacterales** 29 (16.9) 0 (0.0) 22 (75.9) 22 (75.9) 29 (100.0)

P. aeruginosa 18 (9.4) 0 (0.0) 16 (88.9) 0 (0.0) 17 (94.4)
A. baumanii 2 (1.0) 0 (0.0) 1 (50.0) 0 (0.0) 2 (100.0)

Gram-positive 154 (37.4) 126 (81.8) 126 (81.8) 63 (63.4) 126 (81.8)
Staphylococcus aureus 11 (7.1) 10 (100.0) 10 (100.0) 10 (100.0) 10 (100.0)
Methicillin-Susceptible 10 (90.9) 10 (100.0) 10 (100.0) 10 (100.0) 10 (100.0)

Methicillin-Resistant 1 (9.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Streptococcus sp. 59 (38.3) 53 (89.8) 53 (89.8) 53 (89.8) 53 (89.8)
Enterococcus 84 (54.5) 63 (75.0) 63 (75.0) 0 (0.0) 63 (75.0)
E. faecalis 33 (39.3) 33 (100.0) 33 (100.0) 0 (0.0) 33 (100.0)
E. faecium 25 (29.8) 10 (40.0) 10 (40.0) 0 (0.0) 10 (40.0)
Others 24 (31.0) 20 (83.3) 20 (83.3) 0 (0.0) 20 (83.3)

Anaerobes 66 (16.0) 54 (81.8) 65 (98.5) 64 (96.7) 66 (100.0)

* Enterobacterales with low-level chromosomic penicillinase (Klebsiella pneumoniae, Citrobacter koseri. . .).
** Enterobacterales with low-level chromosomic cephalosporinase (Enterobacter cloacae, Serratia marcescens, Citrobacter freundii, Morganella morganii. . .).

Table 5
Among the 162* positive samples, global susceptibility rate to major antibiotics used in intra-abdominal infections.

Susceptible to Community-acquired
infections
n = 64 (%)

Healthcare-associated
infections
n = 98 (%)

P value

Amoxicillin/clavulanic acid 32 (50.0) 41 (41.4) 0.28
Piperacillin–tazobactam 50 (78.1) 67 (67.7) 0.15
Cefotaxime–metronidazole 35 (54.7) 36 (36.3) 0.02
Carbapenem 54 (84.4) 80 (80.8) 0.56

* For one patient, only isolation of Candida.

F. Méchaï, A. Kolakowska, E. Carbonnelle et al. Infectious Diseases Now 53 (2023) 104604
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Moins favorable:
Ertapénème 
Imipénème

Vancomycine
Ciprofloxacine

Echinocandines

Favorable:
Tazocilline +++
Méropénème

Céfépime
Métronidazole

Fluconazole

PK/PD des anti-infectieux dans les collections intra-abdominales:
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PK/PD des anti-infectieux dans les collections intra-abdominales:
TABLE 2 Antimicrobial drug concentrations in intra-abdominal abscesses and plasma samplesk

Antimicrobial drug Abscess volume [cm3]aDay of therapy 
[d]a,b

Time from last dose 
[h]a,b

CIAA [µg/mL]a Cplasma [µg/mL]a Ctrough [µg/mL]a Ratio CIAA/Cplasma
a Target 

achievementc,d
Attributable 
failurec,e

Piperacillin/tazobactamf,g (n = 20) 125 (12.7–2175) 9 (3–23) 4.8 (1.5–9.25) 21.6 (0–247.4)

3.4 (0.5–14.0)

8.3 (0.6–206)

1.4 (0.2–28.5)

7.5 (0.6–70.4)

0.9 (0.2–9.0)

2.06 (0–44.2)

2.39 (0.07–26)

15h (75) 1 (5)

Meropenem (n = 5) 217.7 (27.2–427.8) 7 (2–20) 7.8 (6.25–8.75) 2.9 (0.3–5.7) 7.5 (0.2–20.3) 6.6 (0.5–8) 0.49 (0.04–14.5) 4 (80) 0 (0)

Imipenem/cilastatini

(n = 8)

73.5 (22–377.8) 10.5 (2–23) 5.9 (2.75–7.5) 0.1 (0–0.12)

3.81 (0–19.1)

5.1 (0.9–22.1)

4.95 (1–33.2)

4.7 (0.9–22.1)

6.2 (2.1–33.2)

0.02 (0–0.04)

0.68 (0–1.98)

0j (0) 2 (25)

Ertapenem (n = 3) 274.2 (11.1–348.5) 28 (10–77) 17.5 (17–22) 0.3 (0.1–0.3) 0.8 (0.1–5.7) 0.8 (0.1–3.7) 0.38 (0.05–1) 0 (0) 1 (33)

Fluconazole (n = 6) 208.8 (82.2–2175) 6 (2–63) 17.4 (2.5–24) 12.7 (5–24.5) 18.1 (5.7–27.1) 15.2 (5.7–27.1) 0.85 (0.54–1.1) 6 (100) 0 (0)

Caspofungin (n = 9) 245.6 (25.1–826.9) 11 (2–21) 13.5 (1.5–23.75) 0.3 (0–1.6) 2.4 (1.2–3.6) 1.8 (1.2–2.9) 0.11 (0–0.75) 5 (56) 2 (22)

Anidulafungin (n = 3) 182.3 (11.1–293.2) 5 (5–18) 16 (12–22) 0 (0–0.2) 2.7 (2.4–3.3) 2.7 (1.5–3.3) 0 (0–0.07) 0 (0) 0 (0)
aResults are median (range).
bAt time of drainage procedure.
cResults are total number of cases (percentage).
dTarget achievement defined as CIAA ≥ clinical breakpoints (CBP) using the CLSI CBPs for Enterobacterales (piperacillin 8 µg/mL, meropenem 1 µg/mL, imipenem 1 µg/mL, ertapenem 0.5 µg/mL) and Candida albicans (fluconazole 2 
µg/mL, caspofungin 0.25 µg/mL, anidulafungin 0.25 µg/mL) (19, 20).
eAttributable failure was defined as lack of target achievement (insufficient CIAA) and recovery of a microorganism that was susceptible to the ongoing antimicrobial therapy in a subsequent drainage intervention.
fTazobactam measurements were performed for 17 samples.
gResults are displayed for both the piperacillin component (upper row) and the tazobactam component (lower row).
hThe target achievement was based on concentration of the active component piperacillin.
iResults are displayed for both the imipenem component (upper row) and the cilastatin component (lower row).
jThe target achievement was based on concentration of the active component imipenem.
kCIAA, concentration in intra-abdominal abscess; Cplasma, concentration in concomitant plasma sample; Ctrough, trough concentration measured before the next dose.
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ment course that was longer than the duration 
specified in the protocol. Of these patients, 16 had 
an ongoing elevated white-cell count, 2 had per-
sistent fever, and 12 continued to have gastroin-
testinal dysfunction that prevented enteral intake. 
A new infection leading to extension of antimi-
crobial therapy for more than 4 days occurred in 
10 patients, including 2 with a surgical-site infec-
tion, 7 with a recurrent intraabdominal infection, 
and 1 with an extraabdominal infection. Two pa-
tients with recurrent intraabdominal infection also 
had a persistently elevated white-cell count.

Primary and Major Secondary Outcomes
The composite primary end point of surgical-site 
infection, recurrent intraabdominal infection, or 
death occurred in 56 of 257 patients in the experi-
mental group (21.8%), as compared with 58 of 260 
patients in the control group (22.3%) (absolute 
difference, −0.5 percentage point, 95% confidence 
interval [CI], −7.0 to 8.0; P = 0.92) (Table 2). Ka-
plan–Meier analysis showed no significant be-
tween-group difference in the time to the com-
posite primary outcome (Fig. 2).

No significant between-group differences were 
seen in the rates of the individual primary-end-
point components of surgical-site infection (abso-
lute difference, −2.2 percentage points; 95% CI, 
−2.4 to 7.0; P = 0.43), recurrent intraabdominal in-
fection (absolute difference, 1.8 percentage points; 
95% CI, −4.5 to 7.8; P = 0.67), and death (absolute 
difference, 0.4 percentage point; 95% CI, −1.7 to 
2.7; P = 0.99). Diagnosis of surgical-site infection 
and recurrent intraabdominal infection, but not 
death, occurred significantly later in the control 
group than in the experimental group (Table 2). 
Death occurred in 5 of the 518 patients in the 
two groups combined (1.0%, 2 patients in the 
control group and 3 patients in the experimental 
group) at a mean of 18.7±0.4 days after the index 
source-control procedure. All the deaths were 
judged by the site principal investigator and the 
study principal investigator to be related to under-
lying coexisting diseases (principally cancer and 
cardiovascular disease) and not to the initial in-
traabdominal infection.

The median duration of antimicrobial treat-
ment for the index intraabdominal infection was 
4.0 days (interquartile range, 4.0 to 5.0) in the 
experimental group, as compared with 8.0 days 
(interquartile range, 5.0 to 10.0) in the control 
group (absolute difference, −4.0 days; 95% CI, 
−4.7 to −3.3; P<0.001). There were significantly 
fewer median antimicrobial-free days at 30 days 
(including all antimicrobial therapy) in the con-
trol group than in the experimental group. No 
significant between-group differences were found 
with respect to the rates of extraabdominal infec-
tion, Clostridium difficile infection, or secondary in-
fections with resistant pathogens (Table 2).

Outcomes in Prespecified Subgroups
The occurrence of the primary composite outcome 
was similar in the two study groups in all pre-
specified subgroups, including patients who were 

Variable

Control 
Group 

(N = 260)

Experimental 
Group 

(N = 258)

Age — yr 52.2±1.0 52.2±1.0

Male sex — no. (%) 145 (55.8) 144 (55.8)

Race or ethnic group — no. (%)†

White 208 (80.0) 196 (76.0)

Black 43 (16.5) 51 (19.8)

Asian 5 (1.9) 6 (2.3)

American Indian or Alaskan Native 2 (0.8) 1 (0.4)

Hispanic — no. (%) 20 (7.7) 15 (5.8)

Other 2 (0.8) 4 (1.6)

Characteristics of index infection

APACHE II score‡ 9.9±0.4 10.3±0.4

Maximum white-cell count — per mm3 15,600±0.4 17,100±0.7

Maximum body temperature — °C 37.8±0.1 37.7±0.1

Organ of origin — no. (%)

Colon or rectum 80 (30.8) 97 (37.6)

Appendix 34 (13.1) 39 (15.1)

Small bowel 31 (11.9) 42 (16.3)

Source-control procedure — no. (%)

Percutaneous drainage 86 (33.1) 86 (33.3)

Resection and anastomosis or closure 69 (26.5) 64 (24.8)

Surgical drainage only 55 (21.2) 54 (20.9)

Resection and proximal diversion 27 (10.4) 37 (14.3)

Simple closure 20 (7.7) 12 (4.7)

Surgical drainage and diversion 3 (1.2) 4 (1.6)

*  Plus–minus values are means ±SE. There were no significant differences be-
tween the groups (P<0.05).

†  Race and ethnic groups were reported by the patient or surrogate.
‡  Acute Physiology and Chronic Health Evaluation (APACHE) II scores range 

from 0 to 71, with higher scores indicating an increased risk of death.

Table 1. Baseline Demographic and Clinical Characteristics, According to 
Study Group.*
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ment course that was longer than the duration 
specified in the protocol. Of these patients, 16 had 
an ongoing elevated white-cell count, 2 had per-
sistent fever, and 12 continued to have gastroin-
testinal dysfunction that prevented enteral intake. 
A new infection leading to extension of antimi-
crobial therapy for more than 4 days occurred in 
10 patients, including 2 with a surgical-site infec-
tion, 7 with a recurrent intraabdominal infection, 
and 1 with an extraabdominal infection. Two pa-
tients with recurrent intraabdominal infection also 
had a persistently elevated white-cell count.

Primary and Major Secondary Outcomes
The composite primary end point of surgical-site 
infection, recurrent intraabdominal infection, or 
death occurred in 56 of 257 patients in the experi-
mental group (21.8%), as compared with 58 of 260 
patients in the control group (22.3%) (absolute 
difference, −0.5 percentage point, 95% confidence 
interval [CI], −7.0 to 8.0; P = 0.92) (Table 2). Ka-
plan–Meier analysis showed no significant be-
tween-group difference in the time to the com-
posite primary outcome (Fig. 2).

No significant between-group differences were 
seen in the rates of the individual primary-end-
point components of surgical-site infection (abso-
lute difference, −2.2 percentage points; 95% CI, 
−2.4 to 7.0; P = 0.43), recurrent intraabdominal in-
fection (absolute difference, 1.8 percentage points; 
95% CI, −4.5 to 7.8; P = 0.67), and death (absolute 
difference, 0.4 percentage point; 95% CI, −1.7 to 
2.7; P = 0.99). Diagnosis of surgical-site infection 
and recurrent intraabdominal infection, but not 
death, occurred significantly later in the control 
group than in the experimental group (Table 2). 
Death occurred in 5 of the 518 patients in the 
two groups combined (1.0%, 2 patients in the 
control group and 3 patients in the experimental 
group) at a mean of 18.7±0.4 days after the index 
source-control procedure. All the deaths were 
judged by the site principal investigator and the 
study principal investigator to be related to under-
lying coexisting diseases (principally cancer and 
cardiovascular disease) and not to the initial in-
traabdominal infection.

The median duration of antimicrobial treat-
ment for the index intraabdominal infection was 
4.0 days (interquartile range, 4.0 to 5.0) in the 
experimental group, as compared with 8.0 days 
(interquartile range, 5.0 to 10.0) in the control 
group (absolute difference, −4.0 days; 95% CI, 
−4.7 to −3.3; P<0.001). There were significantly 
fewer median antimicrobial-free days at 30 days 
(including all antimicrobial therapy) in the con-
trol group than in the experimental group. No 
significant between-group differences were found 
with respect to the rates of extraabdominal infec-
tion, Clostridium difficile infection, or secondary in-
fections with resistant pathogens (Table 2).

Outcomes in Prespecified Subgroups
The occurrence of the primary composite outcome 
was similar in the two study groups in all pre-
specified subgroups, including patients who were 

Variable

Control 
Group 

(N = 260)

Experimental 
Group 

(N = 258)

Age — yr 52.2±1.0 52.2±1.0

Male sex — no. (%) 145 (55.8) 144 (55.8)

Race or ethnic group — no. (%)†

White 208 (80.0) 196 (76.0)

Black 43 (16.5) 51 (19.8)

Asian 5 (1.9) 6 (2.3)

American Indian or Alaskan Native 2 (0.8) 1 (0.4)

Hispanic — no. (%) 20 (7.7) 15 (5.8)

Other 2 (0.8) 4 (1.6)

Characteristics of index infection

APACHE II score‡ 9.9±0.4 10.3±0.4

Maximum white-cell count — per mm3 15,600±0.4 17,100±0.7

Maximum body temperature — °C 37.8±0.1 37.7±0.1

Organ of origin — no. (%)

Colon or rectum 80 (30.8) 97 (37.6)

Appendix 34 (13.1) 39 (15.1)

Small bowel 31 (11.9) 42 (16.3)

Source-control procedure — no. (%)

Percutaneous drainage 86 (33.1) 86 (33.3)

Resection and anastomosis or closure 69 (26.5) 64 (24.8)

Surgical drainage only 55 (21.2) 54 (20.9)

Resection and proximal diversion 27 (10.4) 37 (14.3)

Simple closure 20 (7.7) 12 (4.7)

Surgical drainage and diversion 3 (1.2) 4 (1.6)

*  Plus–minus values are means ±SE. There were no significant differences be-
tween the groups (P<0.05).

†  Race and ethnic groups were reported by the patient or surrogate.
‡  Acute Physiology and Chronic Health Evaluation (APACHE) II scores range 

from 0 to 71, with higher scores indicating an increased risk of death.

Table 1. Baseline Demographic and Clinical Characteristics, According to 
Study Group.*
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treated per protocol (33 of 189 patients in the 
control group [17.5%] and 37 of 211 patients in 
the experimental group [17.5%]; absolute differ-
ence, 0.1 percentage point; 95% CI, −7.4 to 7.6; 
P = 0.72) (Fig. 3, and Table S2 in the Supplemen-

tary Appendix). Differences in the duration of 
therapy among patients in all subgroups were 
similar to those seen in the intention-to-treat 
analysis, with the exception of the subgroup of 
patients who were not treated according to the 

Variable

Control 
Group 

(N = 260)

Experimental 
Group 

(N = 257) P Value

Primary outcome: surgical-site infection, recurrent intraabdominal 
infection, or death — no. (%)

58 (22.3) 56 (21.8) 0.92

Surgical-site infection 23 (8.8) 17 (6.6) 0.43

Recurrent intraabdominal infection 36 (13.8) 40 (15.6) 0.67

Death 2 (0.8) 3 (1.2) 0.99

Time to event — no. of days after index source-control procedure

Diagnosis of surgical-site infection 15.1±0.6 8.8±0.4 <0.001

Diagnosis of recurrent intraabdominal infection 15.1±0.5 10.8±0.4 <0.001

Death 19.0±1.0 18.5±0.5 0.66

Secondary outcome

Surgical-site infection or recurrent intraabdominal infection with  
resistant pathogen — no. (%)

9 (3.5) 6 (2.3) 0.62

Site of extraabdominal infection — no. (%)

Any site† 13 (5.0) 23 (8.9) 0.11

Urine 10 (3.8) 13 (5.1) 0.65

Blood 3 (1.2) 5 (1.9) 0.71

Lung 3 (1.2) 3 (1.2) 0.99

Area of skin other than surgical site 1 (0.4) 4 (1.6) 0.36

Vascular catheter 0 (0) 2 (0.8) 0.47

Clostridium difficile infection — no. (%) 3 (1.2) 5 (1.9) 0.71

Extraabdominal infection with resistant pathogen — no. (%) 6 (2.3) 2 (0.8) 0.29

Duration of outcome — days

Antimicrobial therapy for index infection <0.001

Median 8 4

Interquartile range 5–10 4–5

Antimicrobial-free days at 30 days <0.001

Median 21 25

Interquartile range 18–25 21–26

Hospitalization after index procedure 0.48

Median 7 7

Interquartile range 4–11 4–11

Hospital-free days at 30 days 0.22

Median 23 22

Interquartile range 18–26 16–26

*  Plus–minus values are means ±SE.
†  Some patients had extraabdominal infections at more than one site.

Table 2. Primary and Major Secondary Outcomes.*
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Recurrent intraabdominal infection 36 (13.8) 40 (15.6) 0.67

Death 2 (0.8) 3 (1.2) 0.99

Time to event — no. of days after index source-control procedure

Diagnosis of surgical-site infection 15.1±0.6 8.8±0.4 <0.001

Diagnosis of recurrent intraabdominal infection 15.1±0.5 10.8±0.4 <0.001

Death 19.0±1.0 18.5±0.5 0.66

Secondary outcome

Surgical-site infection or recurrent intraabdominal infection with  
resistant pathogen — no. (%)

9 (3.5) 6 (2.3) 0.62

Site of extraabdominal infection — no. (%)

Any site† 13 (5.0) 23 (8.9) 0.11

Urine 10 (3.8) 13 (5.1) 0.65

Blood 3 (1.2) 5 (1.9) 0.71

Lung 3 (1.2) 3 (1.2) 0.99

Area of skin other than surgical site 1 (0.4) 4 (1.6) 0.36

Vascular catheter 0 (0) 2 (0.8) 0.47
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Duration of outcome — days

Antimicrobial therapy for index infection <0.001

Median 8 4

Interquartile range 5–10 4–5

Antimicrobial-free days at 30 days <0.001

Median 21 25

Interquartile range 18–25 21–26

Hospitalization after index procedure 0.48

Median 7 7

Interquartile range 4–11 4–11

Hospital-free days at 30 days 0.22
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*  Plus–minus values are means ±SE.
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Table 6. Initial Intravenous Adult Dosages of Antibiotics for Empiric Treatment of Complicated Intra-abdominal
Infection

Antibiotic Adult dosagea

b-lactam/b-lactamase inhibitor combination
Piperacillin-tazobactam 3.375 g every 6 hb

Ticarcillin-clavulanic acid 3.1 g every 6 h; FDA labeling indicates 200 mg/kg/day in divided doses every 6 h for
moderate infection and 300 mg/kg/day in divided doses every 4 h for severe
infection

Carbapenems
Doripenem 500 mg every 8 h
Ertapenem 1 g every 24 h
Imipenem/cilistatin 500 mg every 6 h or 1 g every 8 h
Meropenem 1 g every 8 h

Cephalosporins
Cefazolin 1–2 g every 8 h
Cefepime 2 g every 8–12 h
Cefotaxime 1–2 g every 6–8 h
Cefoxitin 2 g every 6 h
Ceftazidime 2 g every 8 h
Ceftriaxone 1–2 g every 12–24 h
Cefuroxime 1.5 g every 8 h

Tigecycline 100 mg initial dose, then 50 mg every 12 h
Fluoroquinolones

Ciprofloxacin 400 mg every 12 h
Levofloxacin 750 mg every 24 h
Moxifloxacin 400 mg every 24 h

Metronidazole 500 mg every 8–12 h or 1500 mg every 24 h
Aminoglycosides

Gentamicin or tobramycin 5–7 mg/kgc every 24 hd

Amikacin 15–20 mg/kgc every 24 hd

Aztreonam 1–2 g every 6–8 h
Vancomycin 15–20 mg/kge every 8–12 hd

NOTE. FDA, United States Food and Drug Administration.
a Dosages are based on normal renal and hepatic function.
b For Pseudomonas aeruginosa infection, dosage may be increased to 3.375 g every 4 h or 4.5 g every 6 h.
c Initial dosage regimens for aminoglycosides should be based on adjusted body weight.
d Serum drug-concentration monitoring should be considered for dosage individualization.
e Initial dosage regimens for vancomycin should be based on total body weight.

doses to ensure maximum efficacy and minimal toxicity and
to reduce antimicrobial resistance (Tables 5 and 6) (B-II).

71. Individualized daily administration of aminoglycosides
according to lean body mass and estimated extracellular fluid
volume is preferred for patients receiving these agents for intra-
abdominal infection (B-III).

Use of Microbiology Results to Guide Antimicrobial Therapy
72. Lower-risk patients with community-acquired intra-

abdominal infection do not require alteration of therapy if a
satisfactory clinical response to source control and initial ther-
apy occurs, even if unsuspected and untreated pathogens are
later reported (B-III).

73. If resistant bacteria were identified at the time of initial
intervention and there are persistent signs of infection, path-
ogen-directed therapy is recommended for patients with lower
severity disease (B-III).

74. Use of culture and susceptibility results to determine

antimicrobial therapy in high-severity community-acquired or
health care–associated infection should be based on pathogenic
potential and density of identified organisms (B-III).

75. Microbes recovered from blood cultures should be as-
sumed to be significant if they have established pathogenic
potential or are present in !2 blood cultures (A-I) or if they
are recovered in moderate or heavy concentrations from sam-
ples obtained from drainage (B-II).

Duration of Therapy for Complicated Intra-abdominal In-
fections in Adults

76. Antimicrobial therapy of established infection should be
limited to 4–7 days, unless it is difficult to achieve adequate
source control. Longer durations of therapy have not been
associated with improved outcome (B-III).

77. For acute stomach and proximal jejunum perforations,
in the absence of acid-reducing therapy or malignancy and
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Evidence-based guidelines for managing patients with intra-abdominal infection were prepared by an Expert
Panel of the Surgical Infection Society and the Infectious Diseases Society of America. These updated guidelines
replace those previously published in 2002 and 2003. The guidelines are intended for treating patients who
either have these infections or may be at risk for them. New information, based on publications from the
period 2003–2008, is incorporated into this guideline document. The panel has also added recommendations
for managing intra-abdominal infection in children, particularly where such management differs from that
of adults; for appendicitis in patients of all ages; and for necrotizing enterocolitis in neonates.

EXECUTIVE SUMMARY

The 2009 update of the guidelines contains evidence-

based recommendations for the initial diagnosis and sub-

sequent management of adult and pediatric patients with

complicated and uncomplicated intra-abdominal infec-

tion. The multifaceted nature of these infections has led

to collaboration and endorsement of these recommen-

dations by the following organizations: American Society

for Microbiology, American Society of Health-System
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Pharmacists, Pediatric Infectious Diseases Society, and

Society of Infectious Diseases Pharmacists.

These guidelines make therapeutic recommendations

on the basis of the severity of infection, which is defined

for these guidelines as a composite of patient age, phys-

iologic derangements, and background medical con-

ditions. These values are captured by severity scoring

systems, but for the individual patient, clinical judg-

ment is at least as accurate as a numerical score [1–4].

“High risk” is intended to describe patients with a range

This guideline might be updated periodically. To be sure you have the most
recent version, check the Web site of the journal (http://www.journals.uchicago
.edu/page/cid/IDSAguidelines.html).

It is important to realize that guidelines cannot always account for individual
variation among patients. They are not intended to supplant physician judgment
with respect to particular patients or special clinical situations. The Infectious
Diseases Society of America considers adherence to these guidelines to be
voluntary, with the ultimate determination regarding their application to be made
by the physician in the light of each patient’s individual circumstances.
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patients with pericolic extra-luminal gas, or only a “small 
amount” of distant intraperitoneal gas in the absence of 
clinical diffuse peritonitis or fluid in the fossa of Douglas. 
However, a large amount of distant intra- or retroperito-
neal gas was associated with a high failure rate (~ 60%) of 
NOM, even in the absence of generalized peritonitis.

Antibiotics alone may be used to treat selected patients 
with uncomplicated acute appendicitis, although there is 
a significant risk (~ 40%) of subsequent recurrence [43]. 
In patients with complicated appendicitis presenting with 
abscess or phlegmon, optimal management is controver-
sial. One study showed that NOM for a peri-appendiceal 
abscess or mass resulted in fewer complications and 
shorter hospitalization [43].

Statement 8
In patients with cIAIs undergoing adequate source 
control, 4 days of fixed-duration antibiotic therapy is 
sufficient. In the setting of complicated acute appen-
dicitis, the duration of antibiotic therapy may be 
shortened further in selected patients (High-quality 
evidence, Strong recommendation).

Statement 9
Ongoing signs of abdominal infection or systemic ill-
ness after 7 days of antibiotic therapy warrant cessa-
tion of therapy and a diagnostic investigation rather 
than prolongation or modification of antibiotic ther-
apy (Low-quality evidence, Strong recommendation).

Statement 10
Biomarkers such as procalcitonin can guide antibiotic 
duration in patients with signs of ongoing infection 
(Low-quality evidence, Weak recommendation).

Short-duration antimicrobial treatment of cIAIs 
improves outcomes while adhering to the principles of 
antimicrobial stewardship [44]. The prospective STOP-
IT trial [45] demonstrated that, for patients with cIAIs 
undergoing adequate source control, outcomes after ~ 4 
days of fixed-duration antibiotic therapy were similar 
to outcomes after a longer course (~ 8 days) of antibiot-
ics that extended until 48 h after the resolution of phys-
iochemical abnormalities. STOP-IT trial data were also 
evaluated retrospectively to identify risk factors identified 
with treatment failure [46], which included corticosteroid 
use, Acute Physiology and Chronic Health Evaluation 
(APACHE)-II score ≥ 5 points, hospital-acquired infec-
tion, or a colon source of cIAI. Despite the presence of 
risk factors, there were no differences in treatment fail-
ure rates between groups, indicating that even patients at 
high risk of treatment failure do not benefit from longer-
duration therapy.

The course of antibiotic therapy may possibly be 
shortened in the setting of acute appendicitis. A recent 

open-label, non-inferiority trial of patients with compli-
cated appendicitis (aged ≥ 8 years) showed that 2 days of 
postoperative intravenous antibiotics was non-inferior to 
5 days of therapy in terms of infectious complications and 
90-day mortality [47]. However, a majority of enrolled 
patients had gangrenous (non-perforated) appendicitis 
that requires only 24  h of antimicrobial therapy. Given 
the paucity of data regarding optimal duration of therapy 
for critically ill patients with cIAI, there may be consid-
erable practice variation. Critically ill surgical patients 
often receive antibiotics longer than necessary. Antibiotic 
therapy may be truncated in these patients also, as dem-
onstrated by the DURAPOP RCT of critically ill patients 
with postoperative IAIs [48].

Patients who have ongoing signs of infection after a 
source control procedure and appropriate fixed-duration 
antibiotic treatment need investigation to assess for an 
ongoing source of infection (failed source control versus 
untreated resistant pathogen[s]) to determine whether 
re-operation is necessary, rather than prolongation or 
modification of the antibiotic treatment regimen. PCT 
may be useful for individualizing antibiotic use. Clini-
cal PCT-based algorithms are used as part of antibiotic 
stewardship programs in various settings. Serum PCT 
concentration in healthy unoperated individuals is typi-
cally < 0.05 mcg/L, but may be higher postoperatively 
due to a PCT response to tissue injury. In the presence of 
bacterial infection, higher PCT concentrations correlate 
with severity of bacterial infection, whereas a decreasing 
concentration usually reflects improvement and resolu-
tion of infection.

Evidence shows that PCT monitoring can reduce anti-
biotic duration safely in critically ill patients [49–53]. 
Furthermore, PCT can inform the duration of antibi-
otic therapy in cIAIs [54–56], and can be particularly 
useful for patients with ongoing inflammation, in that 
decreasing concentrations in the postoperative period 
can guide the cessation of therapy. Three studies show 
that a PCT-based algorithm may decrease antibiotic 
exposure in patients with cIAIs. Huang et al. [54] con-
ducted a prospective study to investigate whether a PCT 
algorithm could reduce antibiotic therapy duration in 
patients with cIAIs undergoing surgery. PCT concen-
trations were evaluated pre-operatively, serially for the 
first week post-operatively, and subsequently if needed. 
Antibiotic therapy was discontinued if [PCT] was < 1.0 
ng/L or decreased by 80% versus day 1 with resolution of 
clinical signs. The PCT algorithm significantly reduced 
antibiotic therapy duration (PCT group, 3.4 days versus 
6.1 days in the control group). Maseda et al. [55] pub-
lished a retrospective study of 121 consecutive criti-
cally ill surgical patients (ICU duration > 48  h) treated 
for cIAI. Treatment duration was reduced by 50% in the 
PCT group regardless of hemodynamics. Slieker et al. 
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Combien de temps d’antibiotique post "source control":
Ø 0 jours? Peut être pas… 
Ø 4 jours? 

Ø 7 jours? 
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ment course that was longer than the duration 
specified in the protocol. Of these patients, 16 had 
an ongoing elevated white-cell count, 2 had per-
sistent fever, and 12 continued to have gastroin-
testinal dysfunction that prevented enteral intake. 
A new infection leading to extension of antimi-
crobial therapy for more than 4 days occurred in 
10 patients, including 2 with a surgical-site infec-
tion, 7 with a recurrent intraabdominal infection, 
and 1 with an extraabdominal infection. Two pa-
tients with recurrent intraabdominal infection also 
had a persistently elevated white-cell count.

Primary and Major Secondary Outcomes
The composite primary end point of surgical-site 
infection, recurrent intraabdominal infection, or 
death occurred in 56 of 257 patients in the experi-
mental group (21.8%), as compared with 58 of 260 
patients in the control group (22.3%) (absolute 
difference, −0.5 percentage point, 95% confidence 
interval [CI], −7.0 to 8.0; P = 0.92) (Table 2). Ka-
plan–Meier analysis showed no significant be-
tween-group difference in the time to the com-
posite primary outcome (Fig. 2).

No significant between-group differences were 
seen in the rates of the individual primary-end-
point components of surgical-site infection (abso-
lute difference, −2.2 percentage points; 95% CI, 
−2.4 to 7.0; P = 0.43), recurrent intraabdominal in-
fection (absolute difference, 1.8 percentage points; 
95% CI, −4.5 to 7.8; P = 0.67), and death (absolute 
difference, 0.4 percentage point; 95% CI, −1.7 to 
2.7; P = 0.99). Diagnosis of surgical-site infection 
and recurrent intraabdominal infection, but not 
death, occurred significantly later in the control 
group than in the experimental group (Table 2). 
Death occurred in 5 of the 518 patients in the 
two groups combined (1.0%, 2 patients in the 
control group and 3 patients in the experimental 
group) at a mean of 18.7±0.4 days after the index 
source-control procedure. All the deaths were 
judged by the site principal investigator and the 
study principal investigator to be related to under-
lying coexisting diseases (principally cancer and 
cardiovascular disease) and not to the initial in-
traabdominal infection.

The median duration of antimicrobial treat-
ment for the index intraabdominal infection was 
4.0 days (interquartile range, 4.0 to 5.0) in the 
experimental group, as compared with 8.0 days 
(interquartile range, 5.0 to 10.0) in the control 
group (absolute difference, −4.0 days; 95% CI, 
−4.7 to −3.3; P<0.001). There were significantly 
fewer median antimicrobial-free days at 30 days 
(including all antimicrobial therapy) in the con-
trol group than in the experimental group. No 
significant between-group differences were found 
with respect to the rates of extraabdominal infec-
tion, Clostridium difficile infection, or secondary in-
fections with resistant pathogens (Table 2).

Outcomes in Prespecified Subgroups
The occurrence of the primary composite outcome 
was similar in the two study groups in all pre-
specified subgroups, including patients who were 

Variable

Control 
Group 

(N = 260)

Experimental 
Group 

(N = 258)

Age — yr 52.2±1.0 52.2±1.0

Male sex — no. (%) 145 (55.8) 144 (55.8)

Race or ethnic group — no. (%)†

White 208 (80.0) 196 (76.0)

Black 43 (16.5) 51 (19.8)

Asian 5 (1.9) 6 (2.3)

American Indian or Alaskan Native 2 (0.8) 1 (0.4)

Hispanic — no. (%) 20 (7.7) 15 (5.8)

Other 2 (0.8) 4 (1.6)

Characteristics of index infection

APACHE II score‡ 9.9±0.4 10.3±0.4

Maximum white-cell count — per mm3 15,600±0.4 17,100±0.7

Maximum body temperature — °C 37.8±0.1 37.7±0.1

Organ of origin — no. (%)

Colon or rectum 80 (30.8) 97 (37.6)

Appendix 34 (13.1) 39 (15.1)

Small bowel 31 (11.9) 42 (16.3)

Source-control procedure — no. (%)

Percutaneous drainage 86 (33.1) 86 (33.3)

Resection and anastomosis or closure 69 (26.5) 64 (24.8)

Surgical drainage only 55 (21.2) 54 (20.9)

Resection and proximal diversion 27 (10.4) 37 (14.3)

Simple closure 20 (7.7) 12 (4.7)

Surgical drainage and diversion 3 (1.2) 4 (1.6)

*  Plus–minus values are means ±SE. There were no significant differences be-
tween the groups (P<0.05).

†  Race and ethnic groups were reported by the patient or surrogate.
‡  Acute Physiology and Chronic Health Evaluation (APACHE) II scores range 

from 0 to 71, with higher scores indicating an increased risk of death.
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ment course that was longer than the duration 
specified in the protocol. Of these patients, 16 had 
an ongoing elevated white-cell count, 2 had per-
sistent fever, and 12 continued to have gastroin-
testinal dysfunction that prevented enteral intake. 
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crobial therapy for more than 4 days occurred in 
10 patients, including 2 with a surgical-site infec-
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infection, recurrent intraabdominal infection, or 
death occurred in 56 of 257 patients in the experi-
mental group (21.8%), as compared with 58 of 260 
patients in the control group (22.3%) (absolute 
difference, −0.5 percentage point, 95% confidence 
interval [CI], −7.0 to 8.0; P = 0.92) (Table 2). Ka-
plan–Meier analysis showed no significant be-
tween-group difference in the time to the com-
posite primary outcome (Fig. 2).

No significant between-group differences were 
seen in the rates of the individual primary-end-
point components of surgical-site infection (abso-
lute difference, −2.2 percentage points; 95% CI, 
−2.4 to 7.0; P = 0.43), recurrent intraabdominal in-
fection (absolute difference, 1.8 percentage points; 
95% CI, −4.5 to 7.8; P = 0.67), and death (absolute 
difference, 0.4 percentage point; 95% CI, −1.7 to 
2.7; P = 0.99). Diagnosis of surgical-site infection 
and recurrent intraabdominal infection, but not 
death, occurred significantly later in the control 
group than in the experimental group (Table 2). 
Death occurred in 5 of the 518 patients in the 
two groups combined (1.0%, 2 patients in the 
control group and 3 patients in the experimental 
group) at a mean of 18.7±0.4 days after the index 
source-control procedure. All the deaths were 
judged by the site principal investigator and the 
study principal investigator to be related to under-
lying coexisting diseases (principally cancer and 
cardiovascular disease) and not to the initial in-
traabdominal infection.

The median duration of antimicrobial treat-
ment for the index intraabdominal infection was 
4.0 days (interquartile range, 4.0 to 5.0) in the 
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(interquartile range, 5.0 to 10.0) in the control 
group (absolute difference, −4.0 days; 95% CI, 
−4.7 to −3.3; P<0.001). There were significantly 
fewer median antimicrobial-free days at 30 days 
(including all antimicrobial therapy) in the con-
trol group than in the experimental group. No 
significant between-group differences were found 
with respect to the rates of extraabdominal infec-
tion, Clostridium difficile infection, or secondary in-
fections with resistant pathogens (Table 2).

Outcomes in Prespecified Subgroups
The occurrence of the primary composite outcome 
was similar in the two study groups in all pre-
specified subgroups, including patients who were 

Variable

Control 
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(N = 260)

Experimental 
Group 

(N = 258)

Age — yr 52.2±1.0 52.2±1.0

Male sex — no. (%) 145 (55.8) 144 (55.8)

Race or ethnic group — no. (%)†

White 208 (80.0) 196 (76.0)

Black 43 (16.5) 51 (19.8)

Asian 5 (1.9) 6 (2.3)

American Indian or Alaskan Native 2 (0.8) 1 (0.4)

Hispanic — no. (%) 20 (7.7) 15 (5.8)

Other 2 (0.8) 4 (1.6)

Characteristics of index infection

APACHE II score‡ 9.9±0.4 10.3±0.4

Maximum white-cell count — per mm3 15,600±0.4 17,100±0.7

Maximum body temperature — °C 37.8±0.1 37.7±0.1

Organ of origin — no. (%)

Colon or rectum 80 (30.8) 97 (37.6)

Appendix 34 (13.1) 39 (15.1)

Small bowel 31 (11.9) 42 (16.3)

Source-control procedure — no. (%)

Percutaneous drainage 86 (33.1) 86 (33.3)

Resection and anastomosis or closure 69 (26.5) 64 (24.8)

Surgical drainage only 55 (21.2) 54 (20.9)

Resection and proximal diversion 27 (10.4) 37 (14.3)

Simple closure 20 (7.7) 12 (4.7)

Surgical drainage and diversion 3 (1.2) 4 (1.6)

*  Plus–minus values are means ±SE. There were no significant differences be-
tween the groups (P<0.05).

†  Race and ethnic groups were reported by the patient or surrogate.
‡  Acute Physiology and Chronic Health Evaluation (APACHE) II scores range 

from 0 to 71, with higher scores indicating an increased risk of death.
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Table 6. Initial Intravenous Adult Dosages of Antibiotics for Empiric Treatment of Complicated Intra-abdominal
Infection

Antibiotic Adult dosagea

b-lactam/b-lactamase inhibitor combination
Piperacillin-tazobactam 3.375 g every 6 hb

Ticarcillin-clavulanic acid 3.1 g every 6 h; FDA labeling indicates 200 mg/kg/day in divided doses every 6 h for
moderate infection and 300 mg/kg/day in divided doses every 4 h for severe
infection

Carbapenems
Doripenem 500 mg every 8 h
Ertapenem 1 g every 24 h
Imipenem/cilistatin 500 mg every 6 h or 1 g every 8 h
Meropenem 1 g every 8 h

Cephalosporins
Cefazolin 1–2 g every 8 h
Cefepime 2 g every 8–12 h
Cefotaxime 1–2 g every 6–8 h
Cefoxitin 2 g every 6 h
Ceftazidime 2 g every 8 h
Ceftriaxone 1–2 g every 12–24 h
Cefuroxime 1.5 g every 8 h

Tigecycline 100 mg initial dose, then 50 mg every 12 h
Fluoroquinolones

Ciprofloxacin 400 mg every 12 h
Levofloxacin 750 mg every 24 h
Moxifloxacin 400 mg every 24 h

Metronidazole 500 mg every 8–12 h or 1500 mg every 24 h
Aminoglycosides

Gentamicin or tobramycin 5–7 mg/kgc every 24 hd

Amikacin 15–20 mg/kgc every 24 hd

Aztreonam 1–2 g every 6–8 h
Vancomycin 15–20 mg/kge every 8–12 hd

NOTE. FDA, United States Food and Drug Administration.
a Dosages are based on normal renal and hepatic function.
b For Pseudomonas aeruginosa infection, dosage may be increased to 3.375 g every 4 h or 4.5 g every 6 h.
c Initial dosage regimens for aminoglycosides should be based on adjusted body weight.
d Serum drug-concentration monitoring should be considered for dosage individualization.
e Initial dosage regimens for vancomycin should be based on total body weight.

doses to ensure maximum efficacy and minimal toxicity and
to reduce antimicrobial resistance (Tables 5 and 6) (B-II).

71. Individualized daily administration of aminoglycosides
according to lean body mass and estimated extracellular fluid
volume is preferred for patients receiving these agents for intra-
abdominal infection (B-III).

Use of Microbiology Results to Guide Antimicrobial Therapy
72. Lower-risk patients with community-acquired intra-

abdominal infection do not require alteration of therapy if a
satisfactory clinical response to source control and initial ther-
apy occurs, even if unsuspected and untreated pathogens are
later reported (B-III).

73. If resistant bacteria were identified at the time of initial
intervention and there are persistent signs of infection, path-
ogen-directed therapy is recommended for patients with lower
severity disease (B-III).

74. Use of culture and susceptibility results to determine

antimicrobial therapy in high-severity community-acquired or
health care–associated infection should be based on pathogenic
potential and density of identified organisms (B-III).

75. Microbes recovered from blood cultures should be as-
sumed to be significant if they have established pathogenic
potential or are present in !2 blood cultures (A-I) or if they
are recovered in moderate or heavy concentrations from sam-
ples obtained from drainage (B-II).

Duration of Therapy for Complicated Intra-abdominal In-
fections in Adults

76. Antimicrobial therapy of established infection should be
limited to 4–7 days, unless it is difficult to achieve adequate
source control. Longer durations of therapy have not been
associated with improved outcome (B-III).

77. For acute stomach and proximal jejunum perforations,
in the absence of acid-reducing therapy or malignancy and
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Evidence-based guidelines for managing patients with intra-abdominal infection were prepared by an Expert
Panel of the Surgical Infection Society and the Infectious Diseases Society of America. These updated guidelines
replace those previously published in 2002 and 2003. The guidelines are intended for treating patients who
either have these infections or may be at risk for them. New information, based on publications from the
period 2003–2008, is incorporated into this guideline document. The panel has also added recommendations
for managing intra-abdominal infection in children, particularly where such management differs from that
of adults; for appendicitis in patients of all ages; and for necrotizing enterocolitis in neonates.

EXECUTIVE SUMMARY

The 2009 update of the guidelines contains evidence-

based recommendations for the initial diagnosis and sub-

sequent management of adult and pediatric patients with

complicated and uncomplicated intra-abdominal infec-

tion. The multifaceted nature of these infections has led

to collaboration and endorsement of these recommen-

dations by the following organizations: American Society

for Microbiology, American Society of Health-System
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Pharmacists, Pediatric Infectious Diseases Society, and

Society of Infectious Diseases Pharmacists.

These guidelines make therapeutic recommendations

on the basis of the severity of infection, which is defined

for these guidelines as a composite of patient age, phys-

iologic derangements, and background medical con-

ditions. These values are captured by severity scoring

systems, but for the individual patient, clinical judg-

ment is at least as accurate as a numerical score [1–4].

“High risk” is intended to describe patients with a range

This guideline might be updated periodically. To be sure you have the most
recent version, check the Web site of the journal (http://www.journals.uchicago
.edu/page/cid/IDSAguidelines.html).

It is important to realize that guidelines cannot always account for individual
variation among patients. They are not intended to supplant physician judgment
with respect to particular patients or special clinical situations. The Infectious
Diseases Society of America considers adherence to these guidelines to be
voluntary, with the ultimate determination regarding their application to be made
by the physician in the light of each patient’s individual circumstances.
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patients with pericolic extra-luminal gas, or only a “small 
amount” of distant intraperitoneal gas in the absence of 
clinical diffuse peritonitis or fluid in the fossa of Douglas. 
However, a large amount of distant intra- or retroperito-
neal gas was associated with a high failure rate (~ 60%) of 
NOM, even in the absence of generalized peritonitis.

Antibiotics alone may be used to treat selected patients 
with uncomplicated acute appendicitis, although there is 
a significant risk (~ 40%) of subsequent recurrence [43]. 
In patients with complicated appendicitis presenting with 
abscess or phlegmon, optimal management is controver-
sial. One study showed that NOM for a peri-appendiceal 
abscess or mass resulted in fewer complications and 
shorter hospitalization [43].

Statement 8
In patients with cIAIs undergoing adequate source 
control, 4 days of fixed-duration antibiotic therapy is 
sufficient. In the setting of complicated acute appen-
dicitis, the duration of antibiotic therapy may be 
shortened further in selected patients (High-quality 
evidence, Strong recommendation).

Statement 9
Ongoing signs of abdominal infection or systemic ill-
ness after 7 days of antibiotic therapy warrant cessa-
tion of therapy and a diagnostic investigation rather 
than prolongation or modification of antibiotic ther-
apy (Low-quality evidence, Strong recommendation).

Statement 10
Biomarkers such as procalcitonin can guide antibiotic 
duration in patients with signs of ongoing infection 
(Low-quality evidence, Weak recommendation).

Short-duration antimicrobial treatment of cIAIs 
improves outcomes while adhering to the principles of 
antimicrobial stewardship [44]. The prospective STOP-
IT trial [45] demonstrated that, for patients with cIAIs 
undergoing adequate source control, outcomes after ~ 4 
days of fixed-duration antibiotic therapy were similar 
to outcomes after a longer course (~ 8 days) of antibiot-
ics that extended until 48 h after the resolution of phys-
iochemical abnormalities. STOP-IT trial data were also 
evaluated retrospectively to identify risk factors identified 
with treatment failure [46], which included corticosteroid 
use, Acute Physiology and Chronic Health Evaluation 
(APACHE)-II score ≥ 5 points, hospital-acquired infec-
tion, or a colon source of cIAI. Despite the presence of 
risk factors, there were no differences in treatment fail-
ure rates between groups, indicating that even patients at 
high risk of treatment failure do not benefit from longer-
duration therapy.

The course of antibiotic therapy may possibly be 
shortened in the setting of acute appendicitis. A recent 

open-label, non-inferiority trial of patients with compli-
cated appendicitis (aged ≥ 8 years) showed that 2 days of 
postoperative intravenous antibiotics was non-inferior to 
5 days of therapy in terms of infectious complications and 
90-day mortality [47]. However, a majority of enrolled 
patients had gangrenous (non-perforated) appendicitis 
that requires only 24  h of antimicrobial therapy. Given 
the paucity of data regarding optimal duration of therapy 
for critically ill patients with cIAI, there may be consid-
erable practice variation. Critically ill surgical patients 
often receive antibiotics longer than necessary. Antibiotic 
therapy may be truncated in these patients also, as dem-
onstrated by the DURAPOP RCT of critically ill patients 
with postoperative IAIs [48].

Patients who have ongoing signs of infection after a 
source control procedure and appropriate fixed-duration 
antibiotic treatment need investigation to assess for an 
ongoing source of infection (failed source control versus 
untreated resistant pathogen[s]) to determine whether 
re-operation is necessary, rather than prolongation or 
modification of the antibiotic treatment regimen. PCT 
may be useful for individualizing antibiotic use. Clini-
cal PCT-based algorithms are used as part of antibiotic 
stewardship programs in various settings. Serum PCT 
concentration in healthy unoperated individuals is typi-
cally < 0.05 mcg/L, but may be higher postoperatively 
due to a PCT response to tissue injury. In the presence of 
bacterial infection, higher PCT concentrations correlate 
with severity of bacterial infection, whereas a decreasing 
concentration usually reflects improvement and resolu-
tion of infection.

Evidence shows that PCT monitoring can reduce anti-
biotic duration safely in critically ill patients [49–53]. 
Furthermore, PCT can inform the duration of antibi-
otic therapy in cIAIs [54–56], and can be particularly 
useful for patients with ongoing inflammation, in that 
decreasing concentrations in the postoperative period 
can guide the cessation of therapy. Three studies show 
that a PCT-based algorithm may decrease antibiotic 
exposure in patients with cIAIs. Huang et al. [54] con-
ducted a prospective study to investigate whether a PCT 
algorithm could reduce antibiotic therapy duration in 
patients with cIAIs undergoing surgery. PCT concen-
trations were evaluated pre-operatively, serially for the 
first week post-operatively, and subsequently if needed. 
Antibiotic therapy was discontinued if [PCT] was < 1.0 
ng/L or decreased by 80% versus day 1 with resolution of 
clinical signs. The PCT algorithm significantly reduced 
antibiotic therapy duration (PCT group, 3.4 days versus 
6.1 days in the control group). Maseda et al. [55] pub-
lished a retrospective study of 121 consecutive criti-
cally ill surgical patients (ICU duration > 48  h) treated 
for cIAI. Treatment duration was reduced by 50% in the 
PCT group regardless of hemodynamics. Slieker et al. 

were six extra-abdominal infections in this subgroup, three in the
control group, and three in the experimental group. In the con-
trol group, there was one bloodstream infection, no lung infec-
tion, no skin or soft tissue infection unrelated to the surgical
site, no vascular catheter infection, one urine infection, and
one infection recorded as other. Two of these infections were
caused by multidrug-resistant pathogens. In the treatment arm,
there were two bloodstream infections and one vascular catheter
infection, all of which were fungal. None of the fungal infecions
involved a multidrug-resistant pathogen. Days to extra-abdominal

infection were similar in the short- and long-course groups (19.5
[6.4] vs. 19.3 [4], p = 0.973). CDI incidence was 1.8% in the
control group, and there were no cases of CDI in the experimen-
tal group, but this differencewas not significant (p = 0.442). The
CDI was diagnosed 23 days after the index source control proce-
dure. Hospital days were not significantly different between the
experimental and control groups (4.0 [3.0–8.0] vs. 4.0 [2.0–7.5],
p = 0.909). There were no deaths in either group.

An intention-to-treat approach was also used to analyze
the control (n = 86) and experimental (n = 86) groups and found
no significant difference in baseline characteristics except for
Acute Physiology and Chronic Health Evaluation II (APACHE
II) score, which was higher in the experimental group (9.6
[5.6] vs. 8.0 [4.2], p = 0.038) (Table 3). Outcomes were similar
to the per-protocol analysis (Table 4). When comparing the con-
trol group with the experimental groups, median days to a nor-
mal white blood cell count (3.0 [1.0–4.0] vs. 2.0 [1.0–4.0],
p = 0.510), a normal temperature (1.0 [1.0–1.0] vs. 1.0
[1.0–2.0], p = 0.687), and toleration of enteral nutrition (2.0
[1.0–4.0] vs. 1.0 [1.0–3.0], p = 0.057) were similar. However,
in both the control and experimental groups, only 16.3%
met all control group criteria to stop antibiotics on the fourth
calendar day.

DISCUSSION

Outcomes seemed to be similar in this post hoc subgroup
analysis of the STOP-IT trial, comparing whether infection rates
were similar between CIAIs treated with percutaneous drainage
and 4 ± 1 days of antimicrobial therapy or a longer course. Short-
course patients who did experience a recurrent intra-abdominal
infection, however, were diagnosed approximately 1 week ear-
lier compared with long-course patients. Nevertheless, length
of stay and mortality did not seem to be significantly different
between groups. Although our data do not allow elucidation as
to why this difference was present, it is possible that prolonged
antibiotic administration suppressed an inflammatory response
that could be recognized clinically without actually preventing
recurrent infection. It is worth noting that only approximately

TABLE 4. Primary and Major Secondary Outcomes. Intention-to-Treat Analysis

Control Group (n = 86) Experimental Group (n = 86) p

Primary outcomes
Recurrent intra-abdominal infection 14 (16.3) 14 (16.3) 1.000
Death 0 (0) 0 (0) —
Time to event, no. days after index source control procedure
Diagnosis of recurrent intra-abdominal infection, mean (SD) 18.1 (8.0) 11.4 (5.6) 0.018
Death — — —

Secondary outcome
Recurrent intra-abdominal infection with resistant pathogen 5 (5.8) 2 (2.3) 0.443
Any extra-abdominal infection 6 (7.0) 6 (7.0) 1.000
CDI 1 (1.2) 0 (0) 1.000
Duration of outcome, d
Antimicrobial therapy for index infection 8.0 (5.0–10.0) 4.0 (4.0–5.0) <0.001
Antimicrobial-free days at 30 d 21.0 (19.0–25.0) 25.0 (23.0–26.0) <0.001
Hospitalization after index procedure 4.5 (3.0–8.0) 5.0 (3.0–8.0) 0.583
Hospital-free days at 30 d 25.0 (21.0–27.0) 24.0 (20.0–27.0) 0.784

TABLE 3. Baseline Demographic and Clinical Characteristics,
According to Study Group. Intention-to-Treat Analysis*

Control Group
(n = 86)

Experimental
Group (n = 86)

Age, mean (SD), y 49 (16) 52 (16)
Male sex 48 (55.8) 41 (47.7)
Race or ethnic group**
White 64 (74.4) 66 (76.7)
Black 18 (20.9) 16 (18.6)
Other 4 (4.7) 4 (4.7)

Characteristics of index infection
APACHE II score,† mean (SD) 8.0 (4.2) 9.6 (5.6)
Maximum white blood cell

count, mean (SD), per microliter
14.5 (6.5) 15.6 (5.7)

Maximum body temperature,
mean (SD), °C

37.7 (0.9) 37.6 (0.8)

Organ of origin
Colon or rectum 22 (25.6) 34 (39.5)
Appendix 7 (8.1) 6 (7.0)
Small bowel 12 (14.0) 15 (17.4)
Pancreas 7 (8.1) 2 (2.3)
Liver/biliary 16 (18.6) 12 (14.0)
Other 22 (25.6) 17 (19.8)

*There were no significant differences between the groups (p < 0.05) unless noted.
**Race and ethnic groups were reported by the patient or surrogate.
†p = 0.038. APACHE II scores range from 0 to 71, with higher scores indicating an in-

creased risk of death.
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were six extra-abdominal infections in this subgroup, three in the
control group, and three in the experimental group. In the con-
trol group, there was one bloodstream infection, no lung infec-
tion, no skin or soft tissue infection unrelated to the surgical
site, no vascular catheter infection, one urine infection, and
one infection recorded as other. Two of these infections were
caused by multidrug-resistant pathogens. In the treatment arm,
there were two bloodstream infections and one vascular catheter
infection, all of which were fungal. None of the fungal infecions
involved a multidrug-resistant pathogen. Days to extra-abdominal

infection were similar in the short- and long-course groups (19.5
[6.4] vs. 19.3 [4], p = 0.973). CDI incidence was 1.8% in the
control group, and there were no cases of CDI in the experimen-
tal group, but this differencewas not significant (p = 0.442). The
CDI was diagnosed 23 days after the index source control proce-
dure. Hospital days were not significantly different between the
experimental and control groups (4.0 [3.0–8.0] vs. 4.0 [2.0–7.5],
p = 0.909). There were no deaths in either group.

An intention-to-treat approach was also used to analyze
the control (n = 86) and experimental (n = 86) groups and found
no significant difference in baseline characteristics except for
Acute Physiology and Chronic Health Evaluation II (APACHE
II) score, which was higher in the experimental group (9.6
[5.6] vs. 8.0 [4.2], p = 0.038) (Table 3). Outcomes were similar
to the per-protocol analysis (Table 4). When comparing the con-
trol group with the experimental groups, median days to a nor-
mal white blood cell count (3.0 [1.0–4.0] vs. 2.0 [1.0–4.0],
p = 0.510), a normal temperature (1.0 [1.0–1.0] vs. 1.0
[1.0–2.0], p = 0.687), and toleration of enteral nutrition (2.0
[1.0–4.0] vs. 1.0 [1.0–3.0], p = 0.057) were similar. However,
in both the control and experimental groups, only 16.3%
met all control group criteria to stop antibiotics on the fourth
calendar day.

DISCUSSION

Outcomes seemed to be similar in this post hoc subgroup
analysis of the STOP-IT trial, comparing whether infection rates
were similar between CIAIs treated with percutaneous drainage
and 4 ± 1 days of antimicrobial therapy or a longer course. Short-
course patients who did experience a recurrent intra-abdominal
infection, however, were diagnosed approximately 1 week ear-
lier compared with long-course patients. Nevertheless, length
of stay and mortality did not seem to be significantly different
between groups. Although our data do not allow elucidation as
to why this difference was present, it is possible that prolonged
antibiotic administration suppressed an inflammatory response
that could be recognized clinically without actually preventing
recurrent infection. It is worth noting that only approximately

TABLE 4. Primary and Major Secondary Outcomes. Intention-to-Treat Analysis

Control Group (n = 86) Experimental Group (n = 86) p

Primary outcomes
Recurrent intra-abdominal infection 14 (16.3) 14 (16.3) 1.000
Death 0 (0) 0 (0) —
Time to event, no. days after index source control procedure
Diagnosis of recurrent intra-abdominal infection, mean (SD) 18.1 (8.0) 11.4 (5.6) 0.018
Death — — —

Secondary outcome
Recurrent intra-abdominal infection with resistant pathogen 5 (5.8) 2 (2.3) 0.443
Any extra-abdominal infection 6 (7.0) 6 (7.0) 1.000
CDI 1 (1.2) 0 (0) 1.000
Duration of outcome, d
Antimicrobial therapy for index infection 8.0 (5.0–10.0) 4.0 (4.0–5.0) <0.001
Antimicrobial-free days at 30 d 21.0 (19.0–25.0) 25.0 (23.0–26.0) <0.001
Hospitalization after index procedure 4.5 (3.0–8.0) 5.0 (3.0–8.0) 0.583
Hospital-free days at 30 d 25.0 (21.0–27.0) 24.0 (20.0–27.0) 0.784

TABLE 3. Baseline Demographic and Clinical Characteristics,
According to Study Group. Intention-to-Treat Analysis*

Control Group
(n = 86)

Experimental
Group (n = 86)

Age, mean (SD), y 49 (16) 52 (16)
Male sex 48 (55.8) 41 (47.7)
Race or ethnic group**
White 64 (74.4) 66 (76.7)
Black 18 (20.9) 16 (18.6)
Other 4 (4.7) 4 (4.7)

Characteristics of index infection
APACHE II score,† mean (SD) 8.0 (4.2) 9.6 (5.6)
Maximum white blood cell

count, mean (SD), per microliter
14.5 (6.5) 15.6 (5.7)

Maximum body temperature,
mean (SD), °C

37.7 (0.9) 37.6 (0.8)

Organ of origin
Colon or rectum 22 (25.6) 34 (39.5)
Appendix 7 (8.1) 6 (7.0)
Small bowel 12 (14.0) 15 (17.4)
Pancreas 7 (8.1) 2 (2.3)
Liver/biliary 16 (18.6) 12 (14.0)
Other 22 (25.6) 17 (19.8)

*There were no significant differences between the groups (p < 0.05) unless noted.
**Race and ethnic groups were reported by the patient or surrogate.
†p = 0.038. APACHE II scores range from 0 to 71, with higher scores indicating an in-

creased risk of death.
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were six extra-abdominal infections in this subgroup, three in the
control group, and three in the experimental group. In the con-
trol group, there was one bloodstream infection, no lung infec-
tion, no skin or soft tissue infection unrelated to the surgical
site, no vascular catheter infection, one urine infection, and
one infection recorded as other. Two of these infections were
caused by multidrug-resistant pathogens. In the treatment arm,
there were two bloodstream infections and one vascular catheter
infection, all of which were fungal. None of the fungal infecions
involved a multidrug-resistant pathogen. Days to extra-abdominal

infection were similar in the short- and long-course groups (19.5
[6.4] vs. 19.3 [4], p = 0.973). CDI incidence was 1.8% in the
control group, and there were no cases of CDI in the experimen-
tal group, but this differencewas not significant (p = 0.442). The
CDI was diagnosed 23 days after the index source control proce-
dure. Hospital days were not significantly different between the
experimental and control groups (4.0 [3.0–8.0] vs. 4.0 [2.0–7.5],
p = 0.909). There were no deaths in either group.

An intention-to-treat approach was also used to analyze
the control (n = 86) and experimental (n = 86) groups and found
no significant difference in baseline characteristics except for
Acute Physiology and Chronic Health Evaluation II (APACHE
II) score, which was higher in the experimental group (9.6
[5.6] vs. 8.0 [4.2], p = 0.038) (Table 3). Outcomes were similar
to the per-protocol analysis (Table 4). When comparing the con-
trol group with the experimental groups, median days to a nor-
mal white blood cell count (3.0 [1.0–4.0] vs. 2.0 [1.0–4.0],
p = 0.510), a normal temperature (1.0 [1.0–1.0] vs. 1.0
[1.0–2.0], p = 0.687), and toleration of enteral nutrition (2.0
[1.0–4.0] vs. 1.0 [1.0–3.0], p = 0.057) were similar. However,
in both the control and experimental groups, only 16.3%
met all control group criteria to stop antibiotics on the fourth
calendar day.

DISCUSSION

Outcomes seemed to be similar in this post hoc subgroup
analysis of the STOP-IT trial, comparing whether infection rates
were similar between CIAIs treated with percutaneous drainage
and 4 ± 1 days of antimicrobial therapy or a longer course. Short-
course patients who did experience a recurrent intra-abdominal
infection, however, were diagnosed approximately 1 week ear-
lier compared with long-course patients. Nevertheless, length
of stay and mortality did not seem to be significantly different
between groups. Although our data do not allow elucidation as
to why this difference was present, it is possible that prolonged
antibiotic administration suppressed an inflammatory response
that could be recognized clinically without actually preventing
recurrent infection. It is worth noting that only approximately

TABLE 4. Primary and Major Secondary Outcomes. Intention-to-Treat Analysis

Control Group (n = 86) Experimental Group (n = 86) p

Primary outcomes
Recurrent intra-abdominal infection 14 (16.3) 14 (16.3) 1.000
Death 0 (0) 0 (0) —
Time to event, no. days after index source control procedure
Diagnosis of recurrent intra-abdominal infection, mean (SD) 18.1 (8.0) 11.4 (5.6) 0.018
Death — — —

Secondary outcome
Recurrent intra-abdominal infection with resistant pathogen 5 (5.8) 2 (2.3) 0.443
Any extra-abdominal infection 6 (7.0) 6 (7.0) 1.000
CDI 1 (1.2) 0 (0) 1.000
Duration of outcome, d
Antimicrobial therapy for index infection 8.0 (5.0–10.0) 4.0 (4.0–5.0) <0.001
Antimicrobial-free days at 30 d 21.0 (19.0–25.0) 25.0 (23.0–26.0) <0.001
Hospitalization after index procedure 4.5 (3.0–8.0) 5.0 (3.0–8.0) 0.583
Hospital-free days at 30 d 25.0 (21.0–27.0) 24.0 (20.0–27.0) 0.784

TABLE 3. Baseline Demographic and Clinical Characteristics,
According to Study Group. Intention-to-Treat Analysis*
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Small bowel 12 (14.0) 15 (17.4)
Pancreas 7 (8.1) 2 (2.3)
Liver/biliary 16 (18.6) 12 (14.0)
Other 22 (25.6) 17 (19.8)

*There were no significant differences between the groups (p < 0.05) unless noted.
**Race and ethnic groups were reported by the patient or surrogate.
†p = 0.038. APACHE II scores range from 0 to 71, with higher scores indicating an in-

creased risk of death.
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site, no vascular catheter infection, one urine infection, and
one infection recorded as other. Two of these infections were
caused by multidrug-resistant pathogens. In the treatment arm,
there were two bloodstream infections and one vascular catheter
infection, all of which were fungal. None of the fungal infecions
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[6.4] vs. 19.3 [4], p = 0.973). CDI incidence was 1.8% in the
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CDI was diagnosed 23 days after the index source control proce-
dure. Hospital days were not significantly different between the
experimental and control groups (4.0 [3.0–8.0] vs. 4.0 [2.0–7.5],
p = 0.909). There were no deaths in either group.

An intention-to-treat approach was also used to analyze
the control (n = 86) and experimental (n = 86) groups and found
no significant difference in baseline characteristics except for
Acute Physiology and Chronic Health Evaluation II (APACHE
II) score, which was higher in the experimental group (9.6
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p = 0.510), a normal temperature (1.0 [1.0–1.0] vs. 1.0
[1.0–2.0], p = 0.687), and toleration of enteral nutrition (2.0
[1.0–4.0] vs. 1.0 [1.0–3.0], p = 0.057) were similar. However,
in both the control and experimental groups, only 16.3%
met all control group criteria to stop antibiotics on the fourth
calendar day.

DISCUSSION

Outcomes seemed to be similar in this post hoc subgroup
analysis of the STOP-IT trial, comparing whether infection rates
were similar between CIAIs treated with percutaneous drainage
and 4 ± 1 days of antimicrobial therapy or a longer course. Short-
course patients who did experience a recurrent intra-abdominal
infection, however, were diagnosed approximately 1 week ear-
lier compared with long-course patients. Nevertheless, length
of stay and mortality did not seem to be significantly different
between groups. Although our data do not allow elucidation as
to why this difference was present, it is possible that prolonged
antibiotic administration suppressed an inflammatory response
that could be recognized clinically without actually preventing
recurrent infection. It is worth noting that only approximately
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Graphical abstract

No rou!ne imaging necessary prior to removal of CT-guided 
percutaneously placed drains for intra-abdominal and pelvic 
abscess
Protocol: remove drain without imaging if 
• pa!ent is clinically well
• and drain output is <10cc/day for 2 days

Olga R Brook et al; 2022

Asymptoma!c 
pa!ents with 
single abscess 
drain, n=310

Rou!ne follow-up imaging 
prior to drain removal, 

n=45

No addi!onal procedures 
needed

Repeat drainage, n=2
(0.8%)

No imaging prior to drain 
removal, n=265

Keywords Percutaneous image-guided drainage · Abscess · Computed tomography
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Introduction

Percutaneous image-guided catheter drainage is a widely 
accepted treatment for abscesses, with reported rates of clin-
ical success exceeding 90% combined with extremely low 
complication rates [1–7]. After catheter placement, close 
clinical follow-up for catheter output and residual signs of 
infection is essential for proper patient management. When 
the patient has recovered from infection, and the target 
abscess cavity has been adequately drained, the catheter 
should be removed to prevent complications secondary to 
the long-standing tube.

There is currently no standard practice with regard to 
what type of patient evaluation is required prior to cath-
eter removal. Within the radiology community, the cur-
rent practice in many institutions includes imaging with 
CT or fluoroscopic sinogram to confirm resolution of the 
abscess cavity when the catheter output ceases [1, 2, 5, 
8–10]. CT and fluoroscopic studies performed for follow-
up after catheter placement are adding radiation exposure 
to the patient and can be burdensome for patients and their 
caretakers. In contrast, when catheters are placed after sur-
gery and managed in surgical practices, they are removed 
when the daily output decreases below a certain threshold 

without imaging confirmation of abscess cavity resolution, 
unless patient is not doing well clinically [11].

Yet, no consensus exists as to when radiology-placed 
catheters should be removed, nor any guidance on what 
role imaging plays in determining when catheter removal 
is appropriate [12]. Anecdotally in our practice, we have 
noticed that routine pre-removal imaging studies rarely 
affect clinical management in patients with limited cathe-
ter output without residual clinical signs and symptoms of 
infection. This has led us to develop a protocol for accel-
erated catheter removal, when catheter output decreases 
to less than 10 cc/day for two consecutive days, a patient 
is assessed for presence of residual clinical and labora-
tory signs of infection. If the patient is clinically well, 
then the catheter is removed without any additional imag-
ing. Yet, safety and efficacy rates of re-intervention for 
abscess re-accumulation are unknown in patients followed 
with this protocol. In this study, we assessed safety of this 
approach to catheter management by retrospectively evalu-
ating patients managed with the above protocol in a single 
academic institution.

Materials and methods

The study was HIPAA-compliant and IRB-approved, with a 
waiver of informed consent due to the retrospective nature of 
the study. All patients provided informed consent for image-
guided drainage.

that no individual surgeons or organ system had a signifi-
cant effect on recurrence. According to the secondary anal-
ysis, sinogram use was associated with an 86% lower risk of
abscess recurrence (OR 0.14; 95% CI 0.02-0.39, P ¼ 0.002) and

ultrasound use was associated with a 78% lower risk of ab-
scess recurrence (OR 0.22; 95% CI 0.02-0.76, P ¼ 0.044), while
CT use did not demonstrate an association with a reduction
in abscess recurrence.

Discussion

The present study provides a critical update on the currently
incomplete body of literature for a common surgical inter-
vention. Specifically, it identified two significant findings that
will guide surgeons in their management of PDs. First, imag-
ing before drain removal was associated with a reduction in
the odds of abscess recurrence by 66% (OR 0.34; 95% CI 0.13-
0.7, P ¼ 0.006). Second, sinogram use was associated with an
86% reduction in the odds of abscess recurrence (OR 0.14; 95%
CI 0.02-0.39, P¼ 0.002) and ultrasound usewas associatedwith
a 78% reduction in the odds of abscess recurrence (OR 0.22;
95% CI 0.02-0.76, P¼ 0.044) while CT use did not demonstrate a

significant association with a reduction in abscess recurrence.
While not randomized, these findings suggest that CT is not
superior to the less expensive imaging modalities for clinical
guidance. Of note, these findings are adjusted for individual
surgeons and can be interpreted as beneficial when adding
imaging to an individual surgeon’s practice. The analysis of
random effects also demonstrates little residual variation
across surgeons, meaning that nonstandardized individual
practices likely have little effect on recurrence. In addition,
these findings were adjusted for organ system, a clinical
propensity score, presence of malignancy, operative status,

and duration of PD placement.
Previous descriptive studies have reported various reasons

for abscess recurrence after PD removal including insufficient
initial drainage, premature catheter removal, improper anti-
biotics, and abscess cavities with fistulous connections with
the gastrointestinal, genitourinary, and biliary systems.1,19,20

In one study, Gervais et al.16 reported that postoperative ab-
scesses were more likely to be successfully controlled with
percutaneous drainage; however, pancreatic-related ab-
scesses typically required surgery for adequate source control.
Studies have demonstrated success rates in the range of 71%-

88% for abscesses drainage in the setting of fistulous

Table 3 e Univariate analysis of clinical factors associated with abscess recurrence.

No recurrence (n ¼ 148) Recurrence (n ¼ 40) Total (n ¼ 188) P value

Imaging (n, %) 87, 59 15, 38 102, 54 0.02

Sinogram 43, 29 4, 10 47, 25 0.01

CT 34, 23 8, 20 42, 22 0.69

US 19, 13 2, 5 21, 11.2 0.163

Drain duration (median in d, "SD) 39.4, 67.8 50.2, 80.6 21.5, 71 0.41

Postoperative (n, %) 103, 69.6 33, 82.5 136, 72.3 0.11

Malignancy (n, %) 66, 44.6 20, 50 86, 45.7 0.54

Organ system (n, %) 0.65

Biliary 11, 7 2, 5 13, 7

Hepatic 11, 7 4, 10 15, 8

Upper GI 9, 6 4, 10 13, 7

Lower GI 75, 51 17, 43 92, 49

Pancreas 21, 14 7, 18 28, 15

Urological 6, 4 0, 0 6, 3

Other 15, 10 6, 14 21, 11

SD ¼ standard deviation; GI ¼ gastrointestinal.

Table 4 e Hierarchical multivariable regression analysis
of predictors for abscess recurrence.

Adjusted odds ratio*

(95% CIs)
P value

Propensity scorey 2.54 (0.52-8.23) 0.342

Imaging (CT, US,
or sinogram)

0.34 (0.13-0.70) 0.006

Postoperative
(versus spontaneous)

2.49 (0.74-6.51) 0.174

Cancer (versus benign
disease)

0.86 (0.32-1.88) 0.568

Drain duration/7 d 1.03 (0.99-1.07) 0.091

Imaging subgroup
analysisz

Adjusted odds ratio*

(95% CIs)
P value

Sinogram 0.14 (0.02-0.39) 0.002

US 0.22 (0.02-0.76) 0.044

CT 0.66 (0.20-1.54) 0.28

*Adjusted for both the organ system most associated with the ab-
scess and the individual surgeon.
yPropensity score for the risk of recurrence was calculated for each
patient and used the patient-specific factors from Table 2.
zSubgroup analysis calculated and includes sinogram, US, and CT
adjusted odds ratios while keeping analysis the same as main
analysis.
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Enquête de pratique:
- Nationale
- Pluridisciplinaire
- Sur la période juin 2023 – octobre 2023

1) Questions générales
2)  Cas cliniques

275 participants

Vers une harmonisation des pratiques?



Vous êtes?

Age médian: 37 ans

Quel est votre âge?

Caractéristiques des participants



Infectiologie
61%

Chirurgie viscérale
17%

Anesthésie
17%

Infectiologie

Chirurgie viscérale

Anesthésie

Radiologie
interventionelle
Gastro-entérologie

Spécialité d’exercice des participants Etablissement d’exercice des participants

Caractéristiques des participants



44.7%

12.7%

11.6%

13.4%9.8%

Répartition géographique des participants

+ territoires ultramarins: 4.7%

Caractéristiques des participants



PH

CCA

Praticien Hospitalier
55%

CCA
16%

PU-PH
9%

MCU-PHU
4%

Docteur Junior
16%

Participants prenant en charge
 > 1 collection par mois: 177/275 (64.4%)

Avez-vous accès à un plateau de 
radiologie interventionnelle sur site?

Avez-vous accès à un plateau 
de chirurgie viscérale sur site?

Fonction des participants
Oui
Non

Caractéristiques des participants



Proportion de 
participants ayant retenu 
une indication formelle à 

un drainage

Durée d’ATB proposée 
après drainage 
radiologique 

(jours) 
Médiane (min-max)

Durée d’ATB proposée 
après drainage chirurgical 

(jours)
Médiane (min-max)

Durée d’ATB proposée en 
l’absence de possibilité de 

drainage 
(jours)

Médiane (min-max)

Vignette n° 1 
- Taille (grand axe): 20 mm
- Paroi: fine
- Aspect: uniloculée
- Localisation: profonde

4,3%
(12/275) 7 (0-28) 6 (0-21) 14 (5-42)

Vignette n° 2 
- Taille (grand axe): 30 mm
- Paroi: fine 
- Aspect: uniloculée
- Localisation: superficielle

31,2%
(86/275) 7 (0-28) 7 (0-21) 14 (5-54)

Vignette n°3 
- Taille (grand axe): 44 mm
- Paroi: fine
- Aspect: uniloculée
- Localisation: profonde

71,2%
(196/275) 7 (2-28) 7 (2-48) 21 (4-51)

Vignette n° 4 
- Taille (grand axe): 60 mm
- Paroi: fine
- Aspect: uniloculée
- Localisation: superficielle

85,8%
(236/275) 7 (3-28) 7 (1-28) 21 (4-45)

Vignette n°5 
- Taille (grand axe): 80 mm
- Paroi: épaisse 
- Aspect: multiloculée
- Localisation: superficielle

96,0%
(264/275) 10 (2-42) 7 (2-35) 21 (4-90)



Intérêt d’une TDM réévaluation?
Ø En cas de collection de <4 cm (cas 1 et 2):

OUI pour 81% des des participants

Ø En cas de collection de >4 cm (cas 3, 4 et 5):
OUI pour 98% des des participants

Délai médian proposé: 14 jours Critères de bonne évolution:
1- Diminution en taille de collection (81% des participants):
 - 50% de la taille initiale pour 25% des participants
 - 75% de la taille initiale pour 74% des participants

 
2- Diamètre de la collection résiduelle acceptable (54% des participants):

< 10 mm pour 52% des participants
 <20 mm pour 42% des participants
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Abstract
Background Our center has previously proposed a therapeutic algorithm for the management of intra-abdominal abscess 
(IAA) after laparoscopic appendectomy (LA), based on the size and number of fluid collections. The aim of this study was 
to prospectively determine the safety and effectiveness of this algorithm.
Methods A prospective cohort of patients with IAA after LA from January 2019 to May 2024 was analyzed. Patients’ treat-
ment was defined based on size and number of collections: antibiotics only (ATB) for IAA smaller than 4 cm, percutaneous 
drainage (PERC) for IAA between 4 and 8 cm; and laparoscopic lavage and drainage (SURG) for multiple IAA and/or IAA 
larger than 8 cm. The primary outcome of the study was the success rate of each therapy (i.e., complete resolution of symp-
toms without the need for additional intervention). Secondary outcomes included length of hospital stay, major morbidity, 
mortality, and readmissions. 
Results During the study period, 1000 LA were performed; 41 (4.1%) patients developed IAA and were treated according to 
the proposed algorithm. The mean time elapsed for IAA development was 7 (4–17) days. The most common symptoms were 
fever (80.4%) and abdominal pain (73.1%). Fifteen (36.5%) patients received intravenous antibiotics, 22 patients (53.6%) 
underwent percutaneous drainage, and 4 (9.7%) were treated with laparoscopic lavage. For the ATB Group, the success rate 
was 93.3%. The only patient who failed medical therapy required percutaneous drainage. The success rate for the PERC and 
SURG Groups was 100%. The median LOS was 2.0 (1–6) days, 3.5 (2–6) days, and 6 (4–8) days for the ATB, PERC and 
SURG groups, respectively (p < 0.05). No major morbidity or mortality was observed in the entire cohort.
Conclusions A therapeutic algorithm for IAA after LA based on the size and number of fluid collections is safe and effective 
in the vast majority of patients. 

Keywords Laparoscopic appendectomy · Intra-abdominal abscess · Antibiotics · Percutaneous drainage · Laparoscopy

Acute appendicitis (AA) is the most common cause of acute 
abdominal pain requiring surgical intervention [1]. Laparo-
scopic appendectomy (LA) is currently the standard treat-
ment for adult patients, offering multiple advantages over 
open surgery, including reduced postoperative pain, lower 
morbidity, shorter hospital stays, and faster recovery [2]. 

Despite these benefits, a notable proportion of patients still 
experience postoperative complications [3–5].

Intra-abdominal abscess (IAA) is one of the most feared 
complications after LA because it significantly increases 
overall morbidity, mortality, and readmission rates [6]. 
Although its overall incidence is relatively low—ranging 
from 1.4% to 5%—it rises markedly in cases of complicated 
appendicitis [7, 8]. Current strategies for the treatment of 
postoperative IAA include antibiotics, percutaneous drain-
age, and/or surgical drainage. The treatment of choice is 
usually based on the size, number, and anatomic location 
of the collections [9–11]. Moreover, decisions are often 
influenced by individual surgeon experience, institutional 
practices, and resource availability, leading to heterogeneous 
management. Currently, there are no standardized protocols 
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to guide treatment selection in patients with post-appendec-
tomy complications.

The lack of guidelines for the management of IAA after 
LA motivated our study group to develop a therapeutic algo-
rithm for the management of this complication based on the 
size and the number of fluid collections [12]. The aim of this 
study was to prospectively determine safety and effective-
ness of our minimally invasive step-up approach (MISA) 
algorithm for the management of IAA after LA.

Methods

This prospective study was conducted between January 2019 
and May 2024 after approval by the Institutional Review 
Board of our Institution. The MISA algorithm was imple-
mented to guide the management of IAA following LA 
(Fig. 1). All patients with post-appendectomy IAA follow-
ing LA were included. Patients younger than 16 years and 
those who were initially operated at another institution were 
excluded from the analysis.

The diagnosis of IAA after LA was based on clinical 
presentation, laboratory parameters, and confirmed by CT 
in all patients. The largest diameter of the fluid collection 
and the number of collections were used to determine the 
therapeutic approach according to the MISA algorithm. 
Patients were categorized into three groups based on the 
therapeutic approach. Those with a single collection smaller 
than 4 cm were treated exclusively with intravenous antibiot-
ics (ATB Group). Patients with single collections between 4 
and 8 cm underwent ultrasound or CT-guided percutaneous 
drainage in addition to antibiotic therapy (PERC Group). 
Patients presenting with multiple collections or those with a 

single collection larger than 8 cm were treated with laparo-
scopic lavage and drainage along with intravenous antibiot-
ics (SURG Group).

Antibiotic therapy consisted of empirical intravenous 
administration of ciprofloxacin (500 mg every 12 h) and 
metronidazole (500 mg every 8 h) or ampicillin–sulbac-
tam (1000 mg every 12 h). Once clinical improvement was 
achieved—defined as resolution of abdominal symptoms, 
absence of fever, and adequate tolerance of oral intake—
patients were discharged and switched to oral antibiotics 
to complete a 7-day therapy. In patients undergoing percu-
taneous or surgical drainage, culture swabs were routinely 
obtained, and antimicrobial therapy was subsequently 
adjusted according to sensitivity results.

Percutaneous drainage procedures were performed by 
interventional radiologists, and a catheter was left in place 
in all cases. Patients were discharged after resolving symp-
toms with stable clinical condition. Follow-up at clinics was 
planned at 7 and 30 days after patient’s discharge.

The primary outcome of the study was the success rate 
of each treatment strategy, defined as complete resolution 
of symptoms without the need for additional intervention. 
Treatment failure was determined by the persistence of 
symptoms such as fever, ileus, or abdominal pain for more 
than 48 h after initiating treatment, as well as radiologic evi-
dence of persistent fluid collection on follow-up CT imag-
ing. In such cases, treatment was escalated according to the 
MISA algorithm.

Secondary outcomes included length of hospital stay, 
major morbidity, mortality, readmissions rates, duration of 
antibiotic therapy, and return to daily activities.

Statistical analysis was performed with R 4.0.4. The stu-
dent’s t test was used to compare continuous variables, and 
the χ2 and Fisher test were used for categorical variables. 
For all statistical methods, a p value < 0.05 was considered 
statistically significant.

Results

During the study period, a total of 1000 appendectomies 
were performed; 41 patients (4.1%) developed IAA fol-
lowing LA and were included for analysis. Mean age was 
42.2 years (range: 16–74), and 18 patients (43.9%) were 
female. Obesity was present in 10 (24.4%) patients. Regard-
ing intraoperative variables from the index operation, mean 
operative time was 74.9 (15–152) minutes. Complicated 
appendicitis was found in 29 (70.7%) cases. After the opera-
tion, 31 (75.6%) patients were discharged, while the remain-
ing 10 developed symptoms of IAA while still hospitalized.

The mean time elapsed for IAA development was 
7 (4–17) days after the operation. The most common 

Fig. 1  MISA (Minimally invasive step-up approach algorithm for the 
management of postoperative intra-abdominal abscess after LA)
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respectively (p < 0.05). No statistically significant differ-
ences were observed on the mean duration of antibiotic 
treatment (ATB: 10.7 days vs. PERC: 14.5 days vs. SURG: 
13.2, p = 0.06) or the time to return to daily activities (ATB: 
20.3 days vs. PERC: 22.7 days vs. SURG: 24.2, p = 0.36) 
(Table 3).

Discussion

We aimed to prospectively determine safety and effective-
ness of institutional algorithm for the management of IAA 
after LA. We found that a step-up approach based on the 

size and number of fluid collections was safe and effective 
in most patients.

IAA remains one of the most feared complications fol-
lowing LA, because it is associated with prolonged hospital 
stay, higher readmission rates, and increased healthcare costs 
[13, 14]. In our previous study, we found that postoperative 
IAA had an incidence of 2.2% [12]. In the present study, 
covering the period from 2019 to 2024, this rate increased 
to 4.4%. This may be partially explained by the COVID-19 
pandemic which significantly affected clinical presentation 
and surgical outcomes of these patients [15]. In fact, previ-
ous research has shown that the pandemic led to an increase 
of perforated and complicated appendicitis, which ulti-
mately results in higher rates of postoperative complications, 

Fig. 2  Sankey diagram illustrating treatment flow and clinical success rates among patients with IAA in the percutaneous and surgical group

Table 3  Perioperative variables

LOS length of stay; NA Not applicable; p value < 0.05 are denoted in bold

ATB group
n = 15

PERC group
n = 22

SURG group
n = 4

p

Therapeutic success, n (%) 14 (93.3) 22 (100) 4 (100) 0.41
Readmissions, n (%) 0 0 0 NA
Major morbidity, n (%) 0 0 0 NA 
Mortality, n (%) 0 0 0 NA 
Median of LOS, n (range) 2 (1–6) 3.5 (2–6) 6 (4–8)  < 0.05
Antibiotic adjustment after culture, n (%) – 17 (77.2) 3 (75) 1.00
Return to daily activities, days (range) 20.3 (10–35) 22.7 (13–31) 24.2 (15–31) 0.36

«No statistically significant differences were observed on the 
mean duration of antibiotic treatment 

(ATB: 10.7 days vs. PERC: 14.5 days vs. SURG: 13.2, p = 0.06) »



• Pathologies fréquentes et sévères
• Consensus de drainage lorsque >30-40 mm (percutané+++)
• Durée d’antibiothérapie post drainage: courte

o 7 jours?
o 4 jours?

• En l’absence de possibilité de drainage:
o discuter collégialement (chirurgien, radiologue, endoscopiste)
o 14 jours en l’absence de drainage si <40 mm ?
o 21 jours en l’absence de drainage si >40 mm ?

• Grande hétérogénéité des pratiques!!!
• Les plus expérimentés prescrivent plus court
• Les rares données de qualité vont dans ce sens
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Letter to the Editor 

Management of post-operative intra- 
abdominal abscesses: A national French survey 
of current practice

Dear Editor,
We read with great interest the article by Galvez-Benitez and 

colleagues who studied the mechanisms associated with piper-
acillin/tazobactam resistance in Escherichia coli isolates collected 
from complicated intra-abdominal abscesses (IIA).1 Shortening 
treatment duration is an important tool in the fight against anti-
biotic resistance. Importantly, in sharp contrast with the frequency 
and potential severity of this surgical complication, there is so far 
no specific recommendation for the management of IAA.2,3 This 
leads to a great variability of management practices as far as 
drainage indications and treatment duration are concerned. In the 
meanwhile, identifying converging trends among physicians in 
charge of IAAs could help and harmonize management practices. 
We here report the results of a national survey on practices about 
the management of IAA among French surgeons and Infectious 
Diseases (ID) physicians.

The questionnaire was conceived as reported elsewhere.4 It in-
cluded five clinical vignettes. Each vignette presented a distinct 
clinical case, with IIA varying in size, location, and morphology (see 
Appendix). For each scenario, participants were provided with one 
CT scan image and were asked to determine the drainage modality, 
the duration of antibiotic treatment, and whether they proposed 
imaging procedures as a part of follow-up evaluation. The ques-
tionnaire was distributed online through the French national society 
of ID and intensive care medicine and among the hospitals of the 
authors’ research network from July 1, 2023 to January 1, 2024. Each 
participant filled it out anonymously once. In line with French leg-
islation, no ethical approval or administrative approval was required.

Among 275 questionnaires collected, participants were: ID spe-
cialists (169/275, 62%), intensivists and gastro-intestinal surgeons 
(46/275, 17% each), interventional radiologists and gastro-
enterologists (7/275, 3% each). 177/275 participants (64%) managed a 
post-operative intraabdominal abscesses at least once a month. 
Women accounted for half of the cohort (138/275, 50%) and median 
age was 37-year (range [26–68]). Most were senior physicians with 
above 10 years of professional experience (113/275, 41%). The geo-
graphical distribution mirrored French medical epidemiology. 
Results are detailed in Table 1.

The first case consisted of a 20 mm peri-appendicular unilocular 
post-operative IIA. Four percent of participants (12/275) advocated 
for drainage. Median proposed duration of antibiotic therapy after 
percutaneous drainage, surgical drainage and without drainage were 
7 [0–28], 6 [0–21] and 14 [5–42] days respectively.

The second case consisted of a 30 mm iliac unilocular post-op-
erative IIA. Eighty-six participants (31%) advocated for drainage. 

Median proposed duration of antibiotic therapy after percutaneous 
drainage, surgical drainage and without drainage were 7 [0–28], 7 
[0–21] and 14 days [5–54] respectively.

The third case consisted of a 44 mm perirectal unilocular post- 
operative IIA with a digestive fistula. 196 participants (71%) ad-
vocated for drainage. Median proposed duration of antibiotic 
therapy after percutaneous drainage, surgical drainage and without 
drainage were 7 [2–28], 7 [2–48] and 21 [4–51] days respectively.

The fourth case consisted of a 60 mm unilocular post-operative 
IIA in the left paracolic gutter. 236 participants (86%) advocated for 
drainage. Median proposed duration of antibiotic therapy after per-
cutaneous drainage, surgical drainage and without drainage were 7 
[3–28], 7 [1–28] and 21 [4–45] days respectively.

The fifth case consisted of an 80 mm multilocular post-operative 
IIA in the left paracolic gutter. 264 participants (96%) advocated for 
drainage. Median proposed duration of antibiotic therapy after per-
cutaneous drainage, surgical drainage and without drainage were 10 
[2–42], 7 [2–35] and 21 [4–90] days respectively.

Altogether, median duration antibiotic therapy was 7 days [0–48] 
when drainage was performed; in the absence of drainage, it 
reached a maximum 14 days [5–54]. When abscesses’ diameter was 
smaller than 40 mm, and 21 days [4–90] beyond this size.

Only the IIA size was found to be associated with drainage in-
dication. Indeed, when the IIA diameter was > 40 mm, 84.4% of re-
sponses were in favor of drainage. Extent of medical experience (> 10 
years of professional practice), medical specialty, gender, and type 
were not significantly associated with drainage indications. 
Experienced physicians (> 10 years of professional practice), and 
gastro-intestinal surgeons proposed significantly shorter duration of 
antibiotic therapy than others (mean total antibiotic consumption: 
167 days (range: 68–408) versus 191 days (range: 74–430) and 153 
days (range: 72–341) versus 186 days (range: 72–341), p=0.006, and 
p=0.025 respectively).

Follow-up computed tomography imaging was proposed in 81% 
of IIA cases with a diameter < 40 mm (cases 1 and 2), and in 98.5% of 
those with diameter > 40 mm (cases 3, 4 and 5). The median pro-
posed delay for performing the follow-up CT scan was 14 days.

Criteria reported as associated with favorable outcome were two- 
fold: IIA size reduction (224/275, 81%) and size of the residual col-
lection at follow-up imaging (148/275, 54%).

Significant size reduction of the initial collection was a reduction 
of 50% for 55/224 (25%) participants, 75% for 166/224 (74%) parti-
cipants. Acceptable residual collection was < 10 mm for 79/148 (53%) 
participants, < 20 mm for 62/148 (42%) participants.

Our work provides a broad overview of opinions from experi-
enced physicians who frequently manage intra-abdominal abscesses 
and highlight (i) a significant heterogeneity in the management of 
IIA, (ii) converging practices toward drainage for abscesses > 40 mm, 
(iii) consistent median antibiotic durations (7 days after drainage, 14 
days without drainage for abscesses < 40 mm, and 21 days for 
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Collection intra-abdominale post-opératoire 
diagnostiquée sur une TDM

Oui

Non

Drainage
Selon les possibilités:

          1) per-cutané

          2) endoscopique

          3) chirurgical

Bénéfice/risque en
défaveur d’un drainage

Non

Durée d’ATB: 
7 jours post-geste 

Apyrexie (T°< 38°C) 
à 24h post-geste 

ET
Drainage efficace* 

ET
Pas de fistule visualisée 

sur la TDM initiale 

Oui

Durée d’ATB: 
4 jours post-geste 

< 40 mm de grand axe≥ 40 mm de grand axe

Antibiothérapie seule
Avis du référent infectieux

+
Antibiothérapie seule

Apyrexie (T°< 38°C) à 72h d'ATB
ET

Cinétique favorable du syndrome inflammatoire biologique

Drainage
obligatoire Non

Durée d’ATB: 
10 jours

Durée d’ATB: 
21 jours

Oui

Non

TDM de réévaluation
- facultative si évolution clinique favorable
- indispensable si réapparition de signes infectieux 

Apyrexie (T°< 38°C) 
à 48h d'ATB post-geste

ET
Cinétique favorable du

syndrome inflammatoire
biologique

Oui Oui

Non

TDM de réévaluation à J15
Augmentation de la

collection?

Oui
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