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Short-course antibiotic therapy

for critically ill patients treated for postoperative
intra-abdominal infection: the DURAPOP
randomised clinical trial
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Philippe Sequin®, Catherine Paugam’, Alain Lepape®, Claude Meistelman®, Joel Cousson'®, Antoine Tesniere'",
Gaetan Plantefeve'?, Gilles Blasco ', Karim Asehnoune', Samir Jaber'”, Sigismond Lasocki'®, Herve Dupont'’
and For the DURAPOP Trial Group

Abstract

Purpose: Shortening the duration of antibiotic therapy (ABT) is a key measure in antimicrobial stewardship. The opti-
mal duration of ABT for treatment of postoperative intra-abdominal infections (PIAl) in critically ill patients is unknown.

Methods: A multicentre prospective randomised trial conducted in 21 French intensive care units (ICU) between
May 2011 and February 2015 compared the efficacy and safety of 8-day versus 15-day antibiotic therapy in critically
ill patients with PIAl. Among 410 eligible patients (adequate source control and ABT on day 0), 249 patients were
randomly assigned on day 8 to either stop ABT immediately (n = 126) or to continue ABT until day 15 (n = 123). The
primary endpoint was the number of antibiotic-free days between randomisation (day 8) and day 28. Secondary out-
comes were death, ICU and hospital length of stay, emergence of multidrug-resistant (MDR) bacteria and reoperation
rate, with 45-day follow-up.

Results: Patients treated for 8 days had a higher median number of antibiotic-free days than those treated for

15 days (15 [6-20] vs 12 [6-13] days, respectively; P < 0.0001) (Wilcoxon rank difference 4.99 days [95% Cl 2.99-6.00;
P < 0.0001). Equivalence was established in terms of 45-day mortality (rate difference 0.038, 95% Cl — 0.013 to 0.061).
Treatments did not differ in terms of ICU and hospital length of stay, emergence of MDR bacteria or reoperation rate,
while subsequent drainages between day 8 and day 45 were observed following short-course ABT (P = 0.041).

Conclusion: Short-course antibiotic therapy in critically ill ICU patients with PIAl reduces antibiotic exposure. Con-
tinuation of treatment until day 15 is not associated with any clinical benefit.

Clinicaltrials.gov identifier: NCT01311765.
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Duration of therapy

Introduction

Decreased duration of antibiotic therapy (ABT) is a fun-
damental antimicrobial stewardship measure [1]. It has
recently been suggested that a short course of 4—5 days
would be sufficient to cure mild-to-moderate healthcare-
associated intra-abdominal infections [2]. However, the
results to date are not sufficient to support a similar pol-
icy in critically ill patients such as those treated for severe
postoperative intra-abdominal infection (PIAI), who
require supportive care for organ dysfunctions, and those
with high proportions of multidrug-resistant (MDR) bac-
teria [3-8].

In single-centre, retrospective, epidemiological studies
analysing these ICU patients, the duration of ABT ranged
between 7 and 15 days [9-11]. In addition, a significant
increase in the duration of ABT was reported when MDR
bacteria were cultured [10, 11]. The existing guidelines
provide no relevant recommendations and suggest that
the decision-making process should be based on clinician
judgement and laboratory results [4, 7, 8].

We therefore conducted a randomised trial to compare
8-day and 15-day ABT regimens in a well-defined group
of critically ill patients with PIAI, as confirmed by sur-
gery and peritoneal specimen culture results.

Materials and methods

Study design and organisation

This multicentre, prospective, controlled, randomised,
open-label trial was conducted in 21 French intensive
care units (ICU) (Fig. 1 and electronic supplementary
material [ESM] Figure-S1) between May 2011 and Feb-
ruary 2015. The study was approved by the appropriate
ethics committee (CPP Ile-de-France-I 2010-08-12392).
Written informed consent was obtained from the
patients or their legal representatives before study inclu-
sion. In the event of impaired decision-making capac-
ity without a legal representative available, the patient’s
informed consent could be obtained after enrolment
(emergency inclusion).

Study population

Patients were eligible for enrolment in the study if the
following conditions were fulfilled: (1) admission to the
ICU; (2) elapse of less than 24 h since surgery for PIAI
(i.e. < 60 days following an interventional procedure or
any surgery performed in the peritoneal or retroperito-
neal space showing gross pus or purulent effusion in the

This multicentre prospective randomised study evaluated the

efficacy and safety of an 8-day course of antibiotic therapy in ICU
patients treated for postoperative intra-abdominal infections. This regimen
substantially reduced antibiotic exposure and no clinical benefit was
observed when treatment was extended to 15 days.

peritoneal cavity, or several collections); (3) adequate
source control; (4) operative samples yielding posi-
tive microbiological cultures; (5) empirical ABT initi-
ated within 24 h after completion of surgery; (6) written
informed consent or emergency inclusion. The criteria
for ineligibility are presented in the Methods-ESM.

Randomisation

Patients were included at day O (day of source control
procedure). Randomisation was performed on day 8 to
avoid any divergence between the arms before the two
treatment strategies began to differ (Methods-ESM).
Patients were randomly assigned on day 8, in a one/one
ratio, to either cessation of ABT on day 8 (8-day arm)
or continuation of antibiotics for another 7 days (15-day
arm). The randomisation list was computer-generated,
balanced by blocks of variables, of undisclosed size and
stratified by centre. Allocation concealment was achieved
using a centralised, secure, interactive web-response sys-
tem accessible from each study centre (Cleanweb, Tel-
emedicine Technologies S.A.S, Boulogne-Billancourt,
France). Investigator blinding to arm assignment was not
practicable, but all investigators were unaware of aggre-
gate outcomes during the study.

Antibiotic treatments

Empirical ABT was recommended according to the
French Guidelines for PIAI (Methods-ESM) [5]. How-
ever, ABT and management were left to the discretion of
the attending physicians, including drug plasma monitor-
ing and any adaptation considered necessary. Investiga-
tors were invited to convert the empirical regimen into
narrow-spectrum treatment, based on culture results
obtained within 48-72 h after surgery. It was planned to
withdraw antibiotics at the end of allocated treatment.
However, the physician in charge of the patient was the
final arbiter of the decision when to stop ABT. If the phy-
sician did not follow the randomisation assignment, the
reason for deviation was recorded. The use of procalci-
tonin to guide treatment decision making was left to the
attending physician’s discretion.



410 included patients

\4

249 randomised patients

8-days arm
126 patients assigned to
8-day antibiotic regimen

6 withdrawn consents

120 patients included in the analysis

1 lost to follow-up (D22)

9 deaths between D9 and D28

(D11, D13, 2 at D14, D19, D20, 2 at
D27, D28)

4 deaths between D29 and D45

Fig. 1 Flow chart

161 non-randomised patients (some for several reasons)
143 patients for clinical criteria (some for several reasons)
Negative surgical samples (n=6)
Pure fungal infection (n=22)
Inadequate empirical antibiotic (n=41)
Re-operation <Day8 before protocol amendment (n=17)
Death <Day8 (n=24)
ICU discharge <Day8 (n=17)
Other criteria (n=21)
20 patients refused to participate
5 missed randomizations
1 unable to provide consent to prolong participation

15-days arm
123 patients assigned to
15-day antibiotic regimen

7 withdrawn consents

116 patients included in the analysis

3 lost to follow-up (D19, D22, D25)
13 deaths between D9 and D28
(D12, D13, D15, 2 at D16, 5 at D19,
D20, D21, D26)

4 deaths between D29 and D45

Data collection

The following criteria were recorded from day 8 until day
45: death; time to discharge from ICU and hospital; need
for reoperation or percutaneous drainage for any reason;
need for another course of ABT for any reason; bacterae-
mia; microbiological recurrence in peritoneal samples,
defined as culture of at least one of the initial causative
micro-organisms from samples obtained from reopera-
tion or percutaneous drainage (otherwise it was consid-
ered to be a superinfection). MDR bacteria were defined
according to expert recommendations (Methods-ESM)
[12]. Emergence of MDR bacteria in surveillance sam-
ples was assessed on a weekly basis from ICU admission
to discharge. Organ failure (according to the SOFA score
[13]) was evaluated on day 15 and day 28 in survivors not
discharged from hospital.

Outcome measures

Recruitment difficulties led to a switch from two primary
endpoints to one (Methods-ESM). The primary end-
point was the number of antibiotic-free days (i.e. num-
ber of days alive and antibiotic-free) from day 8 to day 28

(analysis of superiority); patients who died before day 28
were counted as no antibiotic-free days.

The key secondary endpoints were equivalence in
terms of 45-day mortality and superiority analyses of
death from any cause at day 28. Other secondary out-
comes were: length of ICU and hospital stay; need for
reoperation for any reason; need for additional drainage;
superinfection or recurrent infection, assessed by micro-
biological sample; and another course of ABT for any
reason.

Clinical failure was defined as the presence of any of
these criteria between day 8 and day 45. Microbiological
failure was defined as the presence of bacteria cultured
from blood, pus or fluid collected from the abdominal
cavity or abscesses collected from reoperation, or per-
cutaneous drainage, infection recurrence or superinfec-
tion > 48 h after stopping adequate ABT, or emergence
of MDR micro-organisms in clinical isolates and surveil-
lance samples assessed between day 1 and discharge from
the ICU. The organ failure-free survival rate according to
SOFA score was determined on day 15 and day 28.

Predefined subgroups of interest were: patients >
80 years; morbidly obese patients (BMI > 35 kg/m?);



severe infection with SAPS II score > 40; [14] patients
with bacteraemia during the first 3 days before and after
the initial operation; patients with peritoneal samples
yielding Pseudomonas aeruginosa or enterococci.

In post hoc analyses, evaluation of both strategies from
the pragmatic point of view by incorporating the actual
duration of antibiotic use was made using the concepts
of desirability of outcome ranking (DOOR) and response
adjusted for duration of antibiotic analyses (RADAR)
[15]. Patients were divided into five mutually exclusive
categories according to the postoperative course: (1)
recovery without any complication; (2) recovery with
additional ABT; (3) recovery with additional percutane-
ous drainage; (4) recovery with additional abdominal
procedure; and (5) death. Probabilities of a better desir-
able outcome for a randomly selected patient, based on
adjusted ranks (RADAR), were calculated for the two
strategies.

Statistical analysis

The trial was designed to determine whether the 8-day
antibiotic regimen was superior in terms of antibiotic use,
assessed by the number of antibiotic-free days. Assum-
ing 11.5 & 5.5 (mean =+ SD) antibiotic-free days for the
15-day arm (unpublished data from the Prorata trial, in
the subgroup of patients with PIAI) [16], 122 patients/
arm would provide 90% power at a two-sided o risk of
0.05 to detect a 20% (2.3 days) increase of the number of
antibiotic-free days. We therefore planned to include and
randomise 244 patients.

Categorical variables are reported as numbers (%).
Continuous variables are expressed as mean + SD and
median [interquartile range (IQR)]. For all analyses (R
software version 3.1), the significance alpha level was
0.05.

The primary endpoint was analysed according to the
intention-to-treat (ITT) principle. The absolute differ-
ence between arms in terms of the numbers of antibiotic-
free days was assessed using the two-sided Wilcoxon
rank sum test. The center effect was evaluated in statis-
tical analyses as a fixed effect for the principal and sec-
ondary outcomes. Multiple imputation methods (MICE)
were used on missing values [17].

The equivalence in terms of 45-day mortality was ana-
lysed in the ITT population and repeated in the per-
protocol population (defined as duration of treatment
according to randomisation arm [+ 1 day] and 48 h of
washout before taking new antimicrobials). Equivalence
was assessed by the 95% CI (& 10%) of the difference of
the 45-day mortality rates. Overall survival was estimated
using Kaplan—Meier methods and the log-rank test. All
other secondary analyses were performed in the ITT

population using Student’s ¢ test and Fisher’s or Wilcox-
on’s test as appropriate.

Linear and logistic regressions (exploratory analyses)
were fitted in order to test the interaction of predefined
subgroups of interest and the randomisation arm when
explaining the following outcomes: antibiotic-free days,
45-day mortality and the emergence of MDR bacteria.

Results

Patient characteristics

Overall, 410 patients were included in the study and 249
patients were randomised on day 8 following surgery.
After withdrawal of consent for 13 patients, data for 236
patients were analysed. The clinical and therapeutic char-
acteristics at admission for PIAI are presented in Table 1
(ESM-Table-S1). Twenty-eight patients (14 patients in
each arm) who underwent reoperation between day
0 and day 8 at a mean of 4 [2-6.5] days after inclusion
were also included (Fig. 1). This group did not differ sta-
tistically significantly from the other randomised patients
(ESM-Table-S2).

Fifty-six positive blood cultures were reported in 37
patients in the 3 days before and after inclusion. Overall,
591 micro-organisms were cultured from peritoneal sam-
ples (ESM-Table-S3). Empirical ABT was started on day 0
for PIAI in all patients, followed by a definitive antibiotic
regimen based on microbiological results and suscepti-
bility testing (ESM-Table-S4 and S5).

At day 8, 67 (26.9%) patients still had a SOFA score > 3,
and 72 (28.9%) patients had resumed oral feeding. The
clinical characteristics at day 8 were similar in both
arms except for a higher proportion of patients receiving
mechanical ventilation in the 8-day arm (40/120 [35%] vs
24/116 [21%)], p = 0.023) (Table 1 and ESM-Table-S6).

The allocated duration of ABT was followed in 92
(79%) patients in the 8-day arm and 95 (82%) patients
in the 15-day arm (ESM-Results). Overall, 77 patients
in the 8-day arm and 66 patients in the 15-day arm were
included in the per-protocol analysis (ESM-Figure-S2).

Primary outcome

The number of antibiotic-free days between day 8 and
day 28 was higher in the 8-day arm (median [IQR] 15
[6-20] days) than in the 15-day arm (12 [6—13] days) (dif-
ference in location estimates 4.99 days, 95% CI [2.99—
6.00], p = 9.63 x 107°) (Fig. 2 and ESM-Figure-S3).

Secondary outcomes

The 45-day mortality rates in the ITT population did not
differ between the two arms (difference 3.8%, 95% CI
[1.2-6.2]) (Table 2). The analysis was repeated in the per-
protocol population: the 45-day mortality rates were 7/77



Table 1 Demographic and clinical characteristics and antibiotic regimens of the study patients according to treatment
rm

Age, years, median [IQR] 0/0 66-5 [59-77] 66 [57-76]
Patients aged > 80 years, n (%) 0/0 18 (16) 12 (10)
Male sex, n (%) 0/0 70 (60) 82 (68)

No underlying disease, n (%) 0/1 60 (52) 72 (61)
Charlson score, median [IQR] 0/0 5[3-7] 412-7]
Body mass index, kg/mz, median [IQR] 9/10 27.3[23-31.6] 28.1[24-33]
Body mass index > 35 kg/m?, n (%) 9/10 16 (15) 20(18)
SAPS Il score, median [IQR] 10/6 45 [34-51.8] 44.5 [35-56.8]
SAPS Il score > 40, n (%) 10/6 63 (59) 73 (64)
SOFA score, median [IQR] 16/11 6[3-8] 7 [4-9]
Mechanical ventilation, n (%) 16/11 83 (74) 96 (84)
Vasoactive agents, n (%) 16/11 79 (71) 78 (68)
Sedation, n (%) 16/11 77 (71) 91 (81)
Renal replacement therapy, n (%) 16/11 11 (10) 13(11)

Seuceofcomaminationn )
Colon or rectum, n (%) 0/0 49 (42) 57 (48)

Small bowel, n (%) 0/0 37 (32) 39 (32)
Gastroduodenal, n (%) 0/0 5(13) 13(11)
Perforation, n (%) 0/1 61 (53) 53 (45)
Ischaemia/bowel necrosis, n (%) 0/1 17 (15) 19 (16)
Abscess, n (%) 0/1 23 (20) 17 (14)

Sourceconwol procedure,n )

Percutaneous drainage, n (%) 0/2 1(1) 5(6)
Resection/excision, n (%) 0/2 66 (57) 74 (63)
Ostomy, n (%) 0/1 71(61) 70 (59)
Anastomosis, n (%) 0/3 15(13) 20(17)
Patch/suture, n (%) 0/3 32(28) 41 (35)
Intraoperative drainage, n (%) 0/2 95 (82) 87 (74)
Bypass/derivation, n (%) 0/3 6(5) 2(2)

Bualuationof source controlattheend ofsurgery

Total source control, n (%) 27/30 72(81) 76 (84)
Minimal residual source of contamination, n (%) 27/30 9(10) 9(10)
Absence of macroscopic residual contamination, n (%) 27/30 66 (80) 70(82)

Minimal residual contamination, n (%) 27/30 6(7) 11(13)

Most frequently isolated pathogens fom surgical samples”
Enterobacteriaceae, n (%)° 3/1 115(37) 102 (36)

Enterococci, n (%)° 3/1 60 (19) 61(22)
Anaerobes, n (%)° 3/1 42 (14) 43 (15)

Most frequently isolated MDR pathogens fom surgical samples®
ESBL producing Enterobacteriaceae, n (%)° 12/12 17/40 (42) 22/37 (59)
AmpC-hyperproducing Enterobacteriaceae, n (%)° 12/12 18/38 (47) 15/33 (45)

Empirical antibioticregimens inidated onsurgery
Combination therapy, n (%) 0/0 107 (92) 111(92)
Piperacillin/tazobactam, n (%) 0/0 71 (61) 74 (62)
Glycopeptides, n (%) 0/0 42 (36) 53 (44)

Aminoglycosides, n (%) 0/0 70 (60) 85(71)




Table 1 continued

SOFA score, median [IQR] 18/21
Mechanical ventilation, n (%) 3/5
Vasoactive agents, n (%) 3/5
Sedation, n (%) 4/5
Renal replacement therapy, n (%) 3/5
Parenteral nutrition, n (%) 14/15
Enteral nutrition, n (%) 4/6
Oral nutrition, n (%) 4/5

1[0-3] 2 [0-5]
24(21) 40 (35)
10(9) 12(10)
15(13) 15(13)
6(5) 12(10)
56 (55) 54 (51)
36 (32) 46 (40)
35(31) 37(32)

IQR interquartile range, SAPS Il Simplified Acute Physiology Score I, SOFA sepsis-related Organ Failure Assessment

@ Postoperative intra-abdominal infection documented microbiologically on surgical samples at the time of enroliment

b Results are expressed as number of organisms and proportions

Table 2 Emergence of multidrug-resistant microorganisms and fungi assessed between Day 1 and discharge from ICU

Number of patients with positive samples, n (%) 12/13
Methicillin-resistant Staphylococcus aureus, n (%) 12/13
ESBL-producing Enterobacteriaceae, n (%) 12/13
AmpC-hyperproducing Enterobacteriaceae, n (%) 12/13
A. baumanii and S. maltophilia, n (%) 12/13
Pseudomonas aeruginosa, n (%) 12/13

Number of patients with positive samples, n (%) 12/12
Methicillin-resistant Staphylococcus aureus, (%) 12/12
ESBL producing Enterobacteriaceae, n (%) 12/12
AmpC-hyperproducing Enterobacteriaceae, n (%) 12/12
A.baumanii and S. maltophilia, n (%) 12/12
Pseudomonas aeruginosa, n (%) 12/12

Number of patients with positive samples, n (%) 10/13
Candida albicans, (%) 10/13
Non-albicans Candida spp., n (%) 10/13
Candida glabrata, n (%) 10/13

23/104 (22) 20/107 (19)
2/22 (9) 4/20 (20)
18/23 (78) 13/20 (65)
3/22 (14) 2/20(10)
1/22(5) 2/20(10)
1/22 (5) 1/20 (5)
40/104 (38) 38/108 (35)
10/38 (26) 5/34(15)
17/40 (42) 22/37 (59)
18/38 (47) 15/33 (45)
5/38 (13) 4/34(12)
5/38(13) 5/33(15)
27/106 (25) 22/107 (21)
16/32 (50) 19/28 (68)
12/32 (38) 9/28 (32)
7/32(22) 3/28 (11)

Results are expressed as number of positive results among the samples

A. baumanii, Acinetobacter baumannii, S. maltophilia: Stenotrophomonas maltophilia, ESBL extended-spectrum betalactamase-producing Enterobacteriaceae

(9.1%) in the 8-day arm and 9/66 (13.6%) in the 15-day
arm (difference 4.5%, 95% CI [1.13-7.96]).

Mortality rates from day 8 to day 28 in the ITT popu-
lation were 9/120 (7.5%) in the 8-day arm and 13/116
(11.2%) in the 15-day arm (p = 0.37; OR 0.64 [in favour
of the 8-day arm] 95% CI [0.23—-1.7]). Similar results were
observed in the PP population.

At day 28, the probability that the RADAR score would
have been better with the 8-day regimen was 49.65%
(95% CI [48.82-50.48]).

The log-rank test (p = 0.327) and Kaplan—Meier sur-
vival curves (Fig. 3) from randomisation until day 45 did
not show any significant difference in terms of survival
times between the two arms. Kaplan—Meier survival



Primary and secondary outcomes lz,d:”]ylg;'m &(::ﬁ)l;m
Primary outcome

Antibiotic-free days on Day28, median [IQR]* 12 [6—13] 15 [6—20]
Secondary outcome

Length of ICU stay between Day0 and Day45, median [IQR]® 12 [7—20] 13 [7.75—25]
Length of hospital stay between Day0 and Day45, median [IQR]* 30 [20—45) 30.5 [18.75—45]
Secondary outcomes

Organ failure on Dayl15, n (%)% 17/96 (18) 15/90 (17)
Organ failure on Day28, n (%) © 4/60 (5) 3/63 (6)
45-day mortality, n (%) 17/116 (15) 13/120 (11)
Additional source control between Day8 and Day45, n (%) 34/116 (28) 48/120 (40)
Reoperations between Day8 and Day45, n (%) 27/166 (23) 317120 (26)
Percutaneous drainages between Day8 and Day45, n (%) 11/116 (9) 23/120(19)
Recurrent infection, n (%)" 13/14 (93) 14/19 (74)
Superinfection, n (%)° 11/32 (34) 14/44 (32)
New antibiotic therapy, n (%) 45/116 (39) 517120 (42)
New antibiotic therapy between Day16 and Day28, n (%) 25/102 (25) 29/106 (27)
Bacteraemia between Day8 and Day45, n (%) 5/116 (4) 13/120 (11)
Clinical failure between Day8 and Day45, n (%) 16 (14) 28(24)
Microbiological failure between Day8 and Day45, n (%) 18 (16) 28(23)
Emergence of MDR bacteria in surveillance samples, n (%)& 23/104 (22) 20/107 (19)
Emergence of MDR bacteria in clinical isolates, n (%)* 40/104 (38) 38/108 (35)
Emergence of MDR bacteria in both surveillance samples and clinical 52/104 (50) 46/108 (43)
isolates confounded, n (%)?

Emergence of fungi, n (%)8 27/106 (25) 22/107 (21)
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0.43
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0.65
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0.54
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0.54
0.72
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Fig. 2 Primary and secondary outcomes (two-sided analyses on ITT population). 2Deceased patients have 0 days free of antibiotics; °deceased
patients leave the ICU on the day of death; “deceased patients leave the hospital on the day of death; “among patients still hospitalised at day 15;
€among patients still hospitalised at day 28; famong those who underwent reoperation or additional drainage; 2among those who underwent
surveillance samples or additional clinical isolates. Clinical and microbiological failures: see definitions in “Materials and methods”. QR interquartile
range, ICU intensive care unit, MDR bacteria multidrug-resistant bacteria

probability estimates at day 45 were about 0.89 for the

8-day arm and 0.85 for the 15-day arm.

No significant difference between the arms was

observed for emergence of MDR bacteria (Table 2).

Thirty-three patients in the 15-day arm and 40 patients
in the 8-day arm were still hospitalised at day 45, and 16
patients (eight in each arm) were still in ICU. Other sec-

ondary outcomes are presented in Fig. 2.

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

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

v m
0.8 4
2z
£ 0.6
°
2
A
s
.z 044
E — 15-Day arm
©n — 8-Day arm
024 o Censoring time
Log-rank test: p=0.327
0.0 -
8 15 28 45

Days

Number at risk (number censored)
8-Day arm 120 (0) 118 (0)
15-Day arm 116 (0) 114.(0)

111 (1)
101 (3)

107 (100)
97 (92)

Fig. 3 Kaplan-Meier curves of the probability of survival from ran-
domisation to day 45 according to treatment arm




(ESM-Table 8e) (estimate 4.26, 95% CI [1.07-7.46],
p = 0.0092), showing a significantly higher mean + SD
number of antibiotic-free days in the group of patients
with enterococcal infections (n = 106), (13.9 + 5.5
vs 79 £ 6.3 days for the 8-day and 15-day arms,
respectively).

Another association (but with a low level of evi-
dence) was identified by logistic regression, namely that
between the emergence of MDR bacteria and the inter-
action between randomisation arm and Pseudomonas
infections (ESM-Table 8r: OR 0.20, 95% CI [0.039-0.99],
p = 0.0491). In the group of patients with Pseudomonas
infection, emergence of MDR bacteria was observed in
10/17 (59%) patients in the 15-day arm versus 4/19 (21%)
in the 8-day arm.

Discussion

In this cohort of ICU patients with PIAIL, in whom
microbiological criteria were applied to diagnose intra-
abdominal infection and who received appropriate ini-
tial empirical ABT, an 8-day antibiotic regimen reduced
antibiotic exposure with equivalence in terms of 45-day
mortality rates and no statistically significant difference
in terms of 28-day mortality rate or clinical and bacte-
riological outcomes. The number of antibiotic-free days
between day 8 (randomisation) and day 28 was higher in
the 8-day arm, with an absolute difference of 3 days, cor-
responding to a 15% relative reduction in antibiotic expo-
sure. No significant differences were observed for other
outcomes, including mortality rate, infection recurrence,
new ABT, and length of ICU and hospital stay.

The optimal duration of ABT for complicated intra-
abdominal infections has been extensively debated, but
data are lacking in ICU patients. Recent randomised tri-
als evaluating new antibiotic agents for mild-to-moderate
intra-abdominal infections have studied shortened dura-
tions of therapy [18-21], but limited numbers of cases of
PIAI were included. Short-course treatments have been
shown to be as effective as longer-course treatments for
community-acquired peritonitis [2] and appendicitis
[22], but not for PIAI in ICU patients. The 8-day course
was chosen on the basis of the literature available at the
time the protocol was designed. With growing confi-
dence in less prolonged treatment, short-course therapy
could be proposed in low-severity ICU cases. However,
the need for additional drainage and bacteremia between
day-8 and day-45 observed in the short-treatment arm
could be considered to indicate a slightly higher failure
rate of this regimen.

Our study population is representative of the ICU
patients treated for PIAI [23-25]. The high propor-
tion of exclusions before randomisation illustrates the
uncertainties of management of these high-risk cases,

including inadequacy of empirical ABT and premature
death, with consequent recruitment difficulties. The
proportion of inadequate empirical therapies in PIAI
patients ranges between 10 and 90% [9, 11, 26], which
justifies the recommendations for broad-spectrum ABT
to target most of the potential micro-organisms [3-8].
Reoperation is common, performed in 15-51% of cases
[9, 11, 26]. In addition, the early mortality rate can reach
70% in the first 10 days post surgery in patients with sep-
tic shock [27].

In our study, complication rates were similar in the two
arms, with additional source control required in one-
third of all patients. Surprisingly, there was a higher rate
of percutaneous drainage in the 8-day arm. The attend-
ing physicians may have tended to screen for superinfec-
tion or recurrence more frequently in case of doubt when
antibiotic administration was stopped early. Reopera-
tion rates during the postoperative course of PIAI usu-
ally range between 5 and 51% of cases [9, 11, 26, 28]. The
need for additional drainage is reported in 14-20% of
patients [26].

Shortening the duration of ABT might help to con-
tain the emergence of MDR bacteria in ICU patients [1,
29]. Surprisingly, we did not detect any between-group
difference for the rates of emergence of MDR bacteria
in the 15-day arm except for Pseudomonas aeruginosa,
corresponding with previous reports from retrospective
single-centre studies [24, 30]. However, the calculated
sample size was not designed to assess this effect. Simi-
larly, we did not observe any difference in the length of
ICU stay between the two arms. However, length of stay
depends on many factors not directly related to duration
of ABT.

Several limitations need to be considered when inter-
preting our results. Firstly, the primary endpoint was not
truly patient-centred in this high-risk population and
was closely related to the intervention, almost directly
determined by the study design. This criterion was previ-
ously used by Chastre et al. in their pivotal study assess-
ing duration of ABT in ventilator-associated pneumonia
[31]. In view of the extreme severity of illness in the study
population, superiority in terms of the number of antibi-
otic-free days can be difficult to establish. Complications
in this high-risk population could have increased the
relapse rate or caused additional morbidity in the 8-day
arm. Secondly, this study is underpowered to evaluate
any clinically important effect on mortality. Recruitment
difficulties due to strict randomisation criteria led to a
switch from two primary endpoints to one, with a con-
cern for interpreting the outcome results at 45-day. The
unblinded design of our study could also be open to criti-
cism. Allocation of the duration of ABT was delayed to
day 8 to standardise patient follow-up, using rigorous



criteria for outcome evaluation. Repeated monitoring
of plasma antibiotic levels as well as various antibiotic
administration regimens would have been difficult to per-
form under blinded conditions. Moreover, a double-blind
design would have influenced the length of hospital stay
for patients in the 15-day arm due to placebo infusion. A
large subset of patients was excluded before randomisa-
tion, as indicated on the flow chart. Delayed randomisa-
tion at day 8, when the strategies in the two arms began
to differ, allowed exclusion of cases with a high initial
mortality rate, inadequacy of empirical ABT, and early
reoperation. This important choice was made to avoid
any focus on patients in whom no ABT strategy would
have helped and the bias induced by their high mortality
rate. This selection also explains the lower mortality rates
observed in our study population. No centre effects were
found in the statistical analysis. However, the strong dif-
ferences in the number of recruited patients per centre
might have induced bias results. Finally, no conclusions
can be drawn concerning neutropenic or immunosup-
pressed patients, patients with recurrent intra-abdominal
infection or patients with fungal infections.

In summary, an 8-day antibiotic regimen substan-
tially reduced antibiotic exposure for ICU patients who
develop microbiologically proven PIAI, while continua-
tion of ABT from 8 to 15 days did not provide any clinical
benefit. The issues of a higher number of cases of sub-
sequent drainages and increased bacteremia following
short-course ABT requires clarification. The lack of effect
of the 8-day regimen on the emergence of MDR bacteria
is another surprising finding that deserves attention. The
clinical characteristics and causes of PIAI among patients
in our cohort and the consistency of the results suggest
that our conclusions may be applicable to many ICU
patients with PIAIL This type of approach could help to
reduce antibiotic use.
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