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Abstract Background: In
patients with severe sepsis, no ran-
domized clinical trial has tested the
concept of de-escalation of empiri-
cal antimicrobial therapy. This
study aimed to compare the de-
escalation strategy with the contin-
uation of an appropriate empirical
treatment in those patients. Meth-
ods: This was a multicenter non-

blinded randomized noninferiority
trial of patients with severe sepsis
who were randomly assigned to de-
escalation or continuation of empir-
ical antimicrobial treatment.
Recruitment began in February 2012
and ended in April 2013 in nine
intensive care units (ICUs) in
France. Patients with severe sepsis
were assigned to de-escalation

(n = 59) or continuation of empiri-
cal antimicrobial treatment (n = 57).
The primary outcome was to mea-
sure the duration of ICU stay. We
defined a noninferiority margin of
2 days. If the lower boundary of the
95 % confidence interval (CI) for
the difference in patients assigned to
the de-escalation group was less
than 2 days, as compared with that
of patients assigned to the continu-
ation group, de-escalation was
considered to be noninferior to the
continuation strategy. Secondary
outcomes included mortality at

90 days, occurrence of organ failure,
number of superinfections, and
number of days with antibiotics
during the ICU stay. Results: The
median duration of ICU stay was 9
[interquartile range (IQR) 5-22]
days in the de-escalation group and
8 [IQR 4-15] days in the continua-
tion group, respectively (P = 0.71).
The mean difference was 3.4 (95 %


http://dx.doi.org/10.1007/s00134-014-3411-8

1400

CI —1.7 to 8.5). A superinfection
occurred in 16 (27 %) patients in
the de-escalation group and six
(11 %) patients in the continuation
group (P = 0.03). The numbers of
antibiotic days were 9 [7-15] and
7.5 [6-13] in the de-escalation
group and continuation group,

clusion:

respectively (P = 0.03). Mortality
was similar in both groups. Con-
As compared to the
continuation of the empirical anti-
microbial treatment, a strategy based
on de-escalation of antibiotics
resulted in prolonged duration of

ICU stay. However, it did not affect
the mortality rate.

Keywords Sepsis - Antibiotics -
De-escalation - Empirical -
Stewardship

Introduction

The increasing rate of multidrug-resistant pathogens is a
major challenge in intensive care units (ICU). Because of
the low number of new antibiotics available in the near
future, the development of strategies preventing the
emergence of resistance is critical. Hand hygiene, contact
precautions, isolation of colonized patients, and surveil-
lance are the standards of infection control policies [1].
Antimicrobial stewardship is another important strategy
for controlling the risk of emergence of antibiotic resis-
tance [2].

With respect to antimicrobial stewardship, de-esca-
lation of empirical antimicrobial treatment on the basis
of culture results and the elimination of redundant
combination therapy is a strong recommendation [2, 3].
At the bedside, de-escalation consists either in elimi-
nating one of the antibiotics of the prescribed
combination or, whenever possible, using a beta-lactam
antibiotic with a narrower spectrum of activity [4]. This
recommendation is supported by observational studies
[5-11]. De-escalation aims at reducing the use of broad-
spectrum antibiotics and therefore the emergence of
multidrug-resistant pathogens [12]. Observational studies
suggested that this strategy was safe [5—11]. However,
there is no adequate, direct evidence as to whether de-
escalation of antimicrobial agents is effective and safe
for adults with sepsis, severe sepsis, or septic shock [13].
Thus, randomized clinical trials are needed for testing
the safety and efficiency of de-escalation of antimicro-
bial therapy.

Our hypothesis was that de-escalation of empirical
antimicrobial therapy in patients with severe sepsis or
septic shock was noninferior to the continuation of
empirical antimicrobial therapy. The first aim of the
study was to demonstrate that de-escalation was nonin-
ferior to the continuation of broad-spectrum antibiotics
in terms of duration of ICU stay. The secondary aims
were to compare the two strategies in terms of mortal-
ity, duration of antimicrobial therapy, durations of
mechanical ventilation, vasopressor use, numbers of
superinfections, organ failure, and Clostridium difficile
infection.

Methods

We conducted a multicenter non-blinded randomized
noninferiority trial comparing de-escalation versus con-
tinuation of the appropriate empirical antimicrobial
treatment. The trial was registered in ClinicalTrials.gov
(NCT01626612).

Patients

Patients were enrolled from 1 February 2012 to 8 April
2013 at nine ICUs (see list of investigators in the
Appendix). Eligibility criteria were (1) the presence of
severe sepsis requiring an empirical antimicrobial treat-
ment; severe sepsis was defined as systemic inflammatory
response syndrome and suspected infection with at least
one organ failure including hypotension, respiratory fail-
ure, coma, liver failure, thrombocytopenia, and acute
renal failure [14]. (2) The appropriateness of empirical
antimicrobial therapy and positive microbiological cul-
tures in relation to the suspected location of infection.
Definitions of infections are available in Electronic Sup-
plementary Material Table 1. The reasons for exclusion
are reported in Fig. 1.

The trial was monitored by an independent data and
safety monitoring board consisting of three members (Dr
Nathalie Lesavre, MD; Dr Julie Brunet, PharmD; and
Patrick Sudour, Senior Research Technician). They
checked the quality of data and the safety of procedures
during the study. They produced a report for the National
Agency of Drug Safety.

Randomization was performed according to an elec-
tronic list that was under the responsibility of the Public
Health and Medical Information Department (Hopital
Nord, Marseille, France). The electronic list was managed
and centralized by the principal investigator who checked
the criteria for inclusion before randomization. The study
protocol and statistical analysis plan were approved by the
ethics committee of the Marseille University Hospital
(Comité de Protection des Personnes Sud Méditerranée
no. 2011-002297-22). Written informed consent was
obtained from the patients or their relatives.
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Fig. 1 Flow chart of inclusion
and follow-up

624 screened patients

Non-inclusion: 504

No documentation: 162

Carbapenemase producer: 2

Expected death < 48 h: 18

Other protocol: 21

Antibiotic arrest < 48 h: 52

Late documentation: 12
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Deprivation of freedom: 12
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57 patients in the per-
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protocol analysis

¥

Y

(day 90)
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Randomization

After the suspected bacteria responsible for infection was
identified, the patients/relatives were invited to participate
as soon as the antibiogram was available. After the
written consent was signed, the eligible patients were
randomly assigned (1:1) to be included in either the de-
escalation group or the continuation group.

De-escalation strategy

After the results of the antibiogram of the suspected
causative bacteria were available, the “pivotal” antibiotic
used for empirical treatment was switched to an antibiotic
with a spectrum as narrow as possible according to the
targeted pathogens [4]. The companion drug (aminogly-
coside or fluoroquinolone or macrolide) was stopped at
day 3. The choice of antibiotics was based on interna-
tional guidelines [3, 15-18]. The empirical antibiotics
directed against methicillin-resistant Staphylococcus
aureus (MRSA) were stopped if MRSA was not identified

in microbiological cultures. For the purpose of this study,
de-escalation was considered if the pivotal antibiotic was
switched for an antibiotic with a narrower spectrum than
the empirical treatment, according to a ranking of mole-
cules provided in Electronic Supplementary Material
Table 2. The companion drug and the antibiotic used
against MRSA were eliminated after inclusion.

Continuation strategy

After randomization, the pivotal antibiotic of the empir-
ical treatment was continued for the entire duration of the
treatment, independently of microbiological results
(although the treatment should be active against the
identified pathogen). For prolonged treatment (>15 days),
the physician had the choice of de-escalating after
8-15 days of treatment. The companion antibiotic (ami-
noglycoside or fluoroquinolone or macrolide) was stopped
between day 3 and day 5 [3, 15-18]. Empirical antibiotics
directed against MRSA were used according to interna-
tional guidelines [3, 15-18].
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Antimicrobial treatment

The antimicrobial treatments were based on the standards
of care, in agreement with international guidelines [3, 15—
18]. First, the patients with severe sepsis and septic shock
received an empirical antimicrobial therapy. The choices
of antibiotics were suggested according to the site of
infection (Electronic Supplementary Material Table 3)
[15-18]. With respect to treatment duration, the study
protocol invited the co-investigators to follow interna-
tional guidelines (Electronic Supplementary Material
Table 4) [3, 15-18]. The doses and routes of adminis-
tration were in accordance with current medical
standards. The noninfectious treatments were conducted
according to international guidelines [3].

Data collection

Demographic characteristics, physiological variables,
coexisting conditions, and medications were collected at
inclusion. Risk factors for infection due to multidrug-
resistant bacteria were screened at inclusion, according
to previous guidelines [15]. Briefly, they consisted of
the administration of antimicrobial therapy in the pre-
ceding 90 days, current hospitalization of 5 days or
more, high frequency of antibiotic resistance in the
specific hospital unit, hospitalization for 2 days or more
in the preceding 90 days, home infusion therapy, resi-
dence in nursing home or extended care facility, and
immunosuppressive disease. The local situation of local
resistance is summarized in Electronic Supplementary
Material Table 5. Microbiological results, duration of
antimicrobial treatments, changes in antibiotics occur-
ring after inclusion, and superinfection episodes
requiring reintroduction of antibiotics were prospec-
tively collected. Patients were monitored during their
ICU stays for signs of organ failures. Organ failure was
reported as follows: circulatory failure was defined as
systolic blood pressure of 90 mmHg or less or the need
for vasopressor therapy. Coagulation failure was defined
as a platelet count of 80,000 or less per cubic milli-
meter. Hepatic failure was defined as a serum bilirubin
level of 2 mg/dl (34 pmol/l) or higher. Renal failure
was defined as a serum creatinine level of 2 mg/dl
(177 pmol/l) or higher.

Study outcomes

Primary outcome

The primary outcome was the number of days between
the study inclusion and ICU discharge. For the patients
who died during ICU hospitalization, the day of ICU
discharge was the day of death.

Secondary outcomes

To complement the primary outcome, the duration of ICU
stay was compared in the two groups after adjustment
for unbalanced baseline variables. The same procedure
was performed on the subgroup of patients alive at ICU
discharge.

The other secondary outcomes were the number of
ICU-free days (from inclusion to day 28), the day-90
mortality, the numbers of ventilator-free days (from
inclusion to day 28), the number of catecholamine-free
days (from inclusion to day 28), the number of antibiotic-
free days (from inclusion to day 28), the number of days
of antibiotic treatment during the ICU stay, and the
number of superinfections requiring antibiotics. During
the first 8 days after inclusion, changes in SOFA score
(D-SOFA) were calculated as follows: [score on day 8 —
score on inclusion]. We also collected the number of
infections due to C. difficile (positivity of toxin A or B in
feces).

Post hoc outcomes

A post hoc analysis was conducted in a subgroup of
patients with ventilator-associated pneumonia. From
inclusion to ICU discharge, we determined the use of
antibiotics directed against Pseudomonas aeruginosa,
carbapenems, and antibiotics directed against MRSA. We
also analyzed the number of patients in whom an esca-
lation of treatment was required after inclusion. We
conducted an analysis of outcomes in the subgroup of
patients not requiring changes in antibiotics after
inclusion.

Statistical analysis

Assumptions for the sample-size calculation were based
on the durations of ICU stay reported in previous studies
[7, 10, 11]. With respect to a mean duration of ICU stay of
10 days in the continuation group [7, 10, 11], a clinically
significant noninferiority range of 2 days for 80 % sta-
tistical power with a one-sided alpha value of 2.5 %, 51
patients would be needed in each group to establish the
noninferiority of de-escalation compared with the con-
tinuation of antimicrobial treatment. An additional 15 %
was added for loss to follow-up, leading to a total of 120
patients. No interim analysis was planned.

Analysis was performed using SPSS software version
17.0. Statistical significance was defined as P < 0.05. The
methodology was based on the extension of Consolidated
Standards of Reporting Trials Statement (CONSORT,
http://www.consort-statement.org/consort-statement/) for
reporting of noninferiority randomized trials [19]. In view
of the noninferiority hypothesis, we performed a per-
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protocol analysis, which excluded patients who were inel-
igible after randomization. Differences between groups
were assessed using a Chi square test, Fisher’s exact test,
the Student ¢ test, and the Mann—Whitney test, as
appropriate.

Primary outcome

For each patient, we determined the duration of ICU stay.
We defined a noninferiority margin of 2 days. If the
lower boundary of the 95 % confidence interval (CI) for
the difference in the duration of ICU stay in patients
assigned to the de-escalation group was less than 2 days,
as compared with the duration in patients assigned to the
continuation group, we would consider de-escalation as
noninferior to the continuation strategy. The duration of
ICU stay was expressed as median and interquartile
range (IQR) for both groups, as the mean difference and
the 95 % CI (de-escalation group minus continuation
group).

To complement the primary analysis on the duration
of ICU stay, we performed a linear regression model after
adjustment for baseline simplified acute physiology score
(SAPS) I1, (1) in the whole sample; (2) in the subgroup of
patients alive at ICU discharge; beta standardized coef-
ficients were presented.

Secondary outcomes

The 90-day mortality rate was compared between the two
groups. The 90-day survival rate was also compared
between the two groups using the Renyi test [20]. Cox
models were performed for adjustment on SAPS IIL
Modified SAPS II (SAPS II excluding the age variable)
was calculated. Cox models were performed for adjust-
ment on modified SAPS II, age, and treatment group.
Hazard ratios (HR) and 95 % CI were presented. Median
D-SOFA (inclusion to day 8), ventilator-free days, cate-
cholamine-free days, antimicrobial-free days (day 1 to
day 28), proportions of superinfection (defined by the
occurrence of an infection with the identification of a
pathogen and the need to introduce a new antimicrobial
treatment) and infections due to Clostridium difficile were
compared between the two groups. The follow-up was
completed at day 90.

Post hoc analysis

In order to assess the effect of source of infection, we
performed a multivariate linear regression including the
modified unbalanced variables (SAPS II, age, chronic
arterial hypertension, source of infection, and treatment
group). Then, we determined the duration of ICU stay in

the subgroup of patients with lung infection. Similarly, we
determined the duration of ICU stay in the patients with
risk factors for multidrug-resistant bacteria.

Results

Baseline characteristics

Nine ICUs enrolled 120 patients. Four patients were
secondarily excluded because they were placed in the care
of a guardian. Thus, the per-protocol analysis included
116 patients. Of the 116 patients, 59 and 57 were ran-
domly assigned to the de-escalation group and the
continuation group, respectively (Fig. 1). The two groups
differed in age (58 + 17 years old vs. 67 £ 15 years old,
P = 0.003), SAPS II (44 £ 19 vs. 51 £ 19, P = 0.03),
and proportion of prior history of hypertension (Table 1).
Risk factors for multidrug-resistant bacteria were found in
93 (80 %) patients (Table 1). At inclusion, the SOFA
score was 6.4 £ 3.8 (Table 2). Empirical antimicrobial
treatment did not differ in either group (Table 2). Blood
culture was positive in 39 (34 %) patients. Pathogens
were mostly isolated in bronchial and urine samples
(Electronic Supplementary Material Table 6).

Empirical treatment was based on combination of
antibiotics in 52 (88 %) patients in the de-escalation
group, as compared with 52 (91 %) in the continuation
group (P = 0.58) (Table 2). Aminoglycosides were used
in 33 (56 %) patients and 35 (61 %) patients in the de-
escalation group and continuation group, respectively
(P = 0.55). The duration of companion antibiotics
was 2.0 [2.0-3.0] days and 3.0 [2.8-3.0] days in the
de-escalation group and the continuation group, respec-
tively (P = 0.002).

Empirical antimicrobial treatment was de-escalated at
a median day 3 and IQR 2—4 after the onset of treatment.
The latest day for de-escalation was day 9 in one patient.
Details of de-escalation are shown in Electronic Supple-
mentary Material Table 7. After randomization, the
companion drugs [i.e., aminoglycoside (n = 34), fluoro-
quinolones (n = 8), and macrolides (n = 3)] were
stopped in all cases but one. An antibiotic directed against
MRSA was empirically used in 25 (42 %) patients,
respectively linezolid (n = 19) and vancomycin (n = 6).
In all patients, these antibiotics were stopped after
randomization.

Primary outcome

In the per-protocol population, the median duration
between inclusion and ICU discharge was 9 [5-22] days
in the de-escalation group and 8 [4-15] days in the
continuation group (P = 0.71) (Table 3). The mean
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Table 1 Baseline characteristics of study participants

Characteristics

De-escalation group (n = 59) Continuation group (n = 57) P

Age (years)

Male sex (%)

SAPS II*

Modified SAPS II*

Body mass index

Admission cause

Medicine (%)

Trauma (%)

Scheduled surgery (%)

Emergent surgery (%)

Co-morbidities

Chronic obstructive pulmonary disease (%)
Diabetes (%)

Arterial hypertension (%)

Chronic heart failure (%)

Prior stroke (%)

Risk factors for multidrug-resistant pathogen® (%)
Time between onset of empirical treatment and inclusion (days)®

Time between sepsis and inclusion (days)®

579 £ 17.0 66.8 = 14.9 0.003

62.7 66.7 0.66

43.6 £ 18.5 51.4 £ 18.7 0.03

339 £ 175 38.1 £ 183 0.20

26.8 + 6.4 274 £74 0.65
0.56

525 544

8.5 15.8

10.2 7.0

28.8 22.8

153 15.8 0.94

18.6 28.1 0.23

30.5 50.9 0.03

10.2 8.8 0.80

34 7.0 0.38

83.1 772 0.43

30+ 1.7 27+£14 0.25

3.0 [2.04.0] 2.0 [2.0-3.5]

32+ 1.6 27+14 0.05

3.0 [2.04.0] 2.0 [2.0-3.0]

Data are means £ SD unless otherwise specified

# SAPS denotes simplified acute physiology score. Modified SAPS
II means SAPS II without age inclusion

" Includes antimicrobial therapy in preceding 90 days, current
hospitalization of 5 days or more, high frequency of antibiotic
resistance in the community or in the specific hospital unit,

hospitalization for 2 days or more in the preceding 90 days, resi-
dent in nursing home or extended care facility, chronic dialysis
within 30 days, home wound care, family member with multidrug-
resistant pathogen, immunosuppressive disease and/or therapy

¢ Data include medians [interquartile]

Table 2 Criteria at inclusion

Characteristics De-escalation group Continuation group P
(n =159) (n=157)
SOFA* 6.3 £29 64 +£4.0 0.78
Catecholamines (%) 54.2 54.4 0.99
Mechanical ventilation (%) 71.2 59.6 0.19
Site of infection
Lung (%) 57.6 40.4 0.06
Urine (%) 20.3 22.8 0.75
Abdomen (%) 153 21.2 0.42
Skin and tissue (%) 5.1 10.5 0.32
Catheter (%) 1.7 1.8 1.00
Positive blood culture (%) 32.2 35.1 0.74
Empirical antibiotics 0.54
Combined therapy (%) 88 91 0.58
Carbapenems (%) 39.0 17.5 0.01
Ureidopenicillin plus inhibitor (%) 35.6 50.9 0.09
Third-generation cephalosporin (%) 25.4 29.8 0.59
Aminoglycoside (%) 56.0 61.4 0.55
Fluoroquinolone (%) 13.6 29.8 0.03
Vancomycin (%) 11.9 12.3 0.94
Linezolid (%) 23.7 12.3 0.11
Fluconazole (%) 3.3 3.5 1.0
Echinocandin (%) 0.0 1.8 0.49

? SOFA denotes sequential organ failure assessment

difference between de-escalation group and continuation
group was 3.4 (95 % CI —1.7 to 8.5). After adjustment
for baseline SAPS II, neither the treatment group nor
the SAPS II was linked to the duration of ICU stay

(f=-0.10;, P =028, f=-0.09; P=0.33, respec-
tively). The estimated marginal means and standard errors
were 14.9 + 1.8 days and 12.1 &£ 1.7 days for the
de-escalation group and continuation group, respectively.
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Table 3 Outcomes of patients

included in the two groups Duration

Continuation P
group (n = 57)

De-escalation
group (n = 59)

Duration of ICU stay (days)
From inclusion to discharge

From admission to discharge
Number of ICU-free days®*
Ventilator-free days®
Catecholamine-free days®

Number of antibiotic days

Number of companion antibiotic days

Number of antibiotic days for the initial episode
Number of antipseudomonal agent-free days®

Number of carbapenem-free days®

Number of anti-MRSA drug-free days®*

152 4 15.0 11.8 + 126 0.71
9 [1-79] 8 [1-60]

29.1 £ 50.0 18.1 &+ 15.7 0.11
13 [1-375] 12 [3-67]

13.2 £ 10.6 15.0 &£ 11.3 0.21
18 [0-23] 21 [0-25]

189 + 11.6 193 £ 11.8 0.55
23 [6-29] 26 [6-29]

223 £ 10.3 216 £ 112 0.93
28 [21-29] 28 [16-29]

14.1 + 134 9.9 £ 6.6 0.04
9 [7-15] 7.5 [6-13]

23+08 32417 <0.00
2.0 [2.0-3.0] 3.0 [2.8-3.0]

79 +52 8.0 +43 0.94
23.6 £92 20.1 £ 9.6 <0.001
29 [24-29] 24 [15-28]

256 £73 23.5 £ 8.4 0.17
29 [26-29] 29 [19-29]

258 + 7.1 24.1 £ 84 0.30
29 [27-29] 29 [21-29]

Data are means £ SD, followed by medians [interquartile]. Durations are determined after study

inclusion

MRSA methicillin-resistant Staphylococcus aureus
? Free days were calculated from inclusion (day 1) to day 28

100%
Continuation
80%
De-escalation
_  60% 1
[
2
>
<
3
17
2
40%
20% -
0% T T T T T T T T
0 10 20 30 40 50 60 70 80 90
90-day mortali
N* atrisk v ity
De-escalation 59 54 53 46 43 43 42 42 41 41
Continuation 57 51 45 44 44 44 44 44 44 44

Fig. 2 Cumulative survival curves: no difference was observed in
the groups

Secondary prespecified outcomes

Regarding the initial episode of severe sepsis or septic
shock, the duration of antibiotic treatment was similar in
both groups (P = 0.94). For the patients discharged alive

from the ICU, the mean duration from inclusion to dis-
charge did not differ in either group (9 [1-79] days vs. 6
[1-60] days, P = 0.28). In the de-escalation group,
severe sepsis or septic shock was diagnosed 5 [3-10] days
after ICU admission, as compared with 4 [3-8] days in
the continuation group (P = 0.24). The number of hos-
pital days after inclusion was 24 [2—-120] days in the de-
escalation group and 20 [4-134] days in the continuation
group (P = 0.26).

Death at 90 days was reported in 18 (31 %) patients in
the de-escalation group and 13 (23 %) patients in the
continuation group (P = 0.35) (Fig. 2). The 90-day
mortality did not differ in either group (HR = 1.31, 95 %
CI 0.64-2.67, P = 0.49). After adjustment for modified
SAPS 11, age, and treatment group, the Cox regression
model yielded an HR for death at day 90 of 1.01 (95 %
CI, 0.99-1.03, P = 0.30) for modified SAPS II, 1.02
(95 % CI 1.00-1.05, P = 0.06) for age, and 1.7 (95 % CI
0.79-3.49, P = 0.18) for treatment group.

In the 66 patients with an ICU stay of more than
7 days, the median D-SOFA score was similar in both
groups (3 [0; 4] vs. 2 [—1; 3], P = 0.63). At day 28, the
numbers of ventilator-free days and of catecholamine-free
days did not differ significantly in either group (Table 3).
Of the 86 patients discharged alive from hospital, 15
(36 %) patients in the de-escalation group and 14 (32 %)
patients in the continuation group were re-admitted to
hospital (P = 0.64). Globally, five patients in the de-
escalation group and one patient in the continuation group
required ICU readmission, respectively (P = 0.1).
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The number of days of antimicrobial use was 9
[2-66] days in the de-escalation group and 8 [2-34] days
in the continuation group (P = 0.11). During ICU stay,
superinfection episodes requiring antibiotics were identi-
fied in 16 (27 %) patients in the de-escalation group and
six (11 %) patients in the continuation group (P = 0.03).
This was related to the same bacteria in seven (44 %) of
the 16 episodes in the de-escalation group and four
(67 %) of the six episodes in the continuation group
(P = 0.64). The locations of superinfection were lungs
(n = 13), abdomen (n = 2), bloodstream (n = 2), urine
(n = 2), and catheter-related infection (n = 1). No C.
difficile infection was reported in the included patients.

Secondary post hoc outcomes

Because lung infection was unbalanced between groups, we
performed a multivariate analysis with modified SAPS II,
age, chronic arterial hypertension, and source of infection.
Lung as source of infection was an independent variable
linked to the duration of ICU stay. Thus, we assessed the
impact of de-escalation in the 56 patients with lung infection.
The durations of ICU stay were 14 [9-31] days and 15
[8-21] days in the de-escalation group and the continuation
group, respectively (P = 0.53). Thirteen (39 %) and five
(22 %) superinfection episodes were reported in the de-
escalation group and continuation group (P = 0.2).

In the 93 patients with risk factors for multidrug-
resistant bacteria carriage, the duration of ICU stay was
10 [5-25] days and 8 [4-16] days in the de-escalation
group and continuation group, respectively (P = 0.71).

After inclusion, the antibiotics directed against P.
aeruginosa were used for 12 [5-22] days in the de-esca-
lation group and 6 [3-12] days in the continuation group
(P = 0.03). The duration of the use of carbapenems and
antibiotics directed against MRSA were similar in both
groups (Table 3).

After inclusion, antimicrobial treatment was escalated
in eight (14 %) patients in the de-escalation group and five
(8.8 %) patients in the continuation group (P = 0.41). We
assessed the duration of ICU stay, mortality rate, and
number of superinfections in the 103 patients in whom the
antimicrobial treatment remained unchanged after inclu-
sion. No significant difference was reported in either
group, including the number of superinfection episodes
(10 (19 %) episodes vs. four (8 %) episodes, P = 0.08).

Discussion

For the first time, de-escalation of antimicrobial treatment
was tested in a randomized clinical trial. In terms of
duration of ICU stay we cannot conclude that the
de-escalation strategy was noninferior to the continuation

of an appropriate empirical treatment. De-escalation was
associated with an increased number of superinfection
episodes, but it did not affect the number of organ failures
and mortality.

The strength of our study was to randomize de-esca-
lation as compared to the continuation of an appropriate
empirical treatment. Although guidelines recommend a
strategy based on de-escalation [2, 3], such a strategy has
never been tested in a randomized clinical trial [13]. The
guidelines are supported by observational studies [5-11],
in which several biases may affect the results [21]. The
present randomized clinical trial did not confirm the
findings of observational studies. Nevertheless, our
pragmatic study protocol aimed at reflecting real-life
conditions, including uncertainty about diagnosis and
adequate treatment of infections. The study was per-
formed in nine multidisciplinary ICUs. This suggests that
our results can be exported to other ICUs.

In the de-escalation group, we observed an increased
number of superinfections. This finding probably explains
the increased use of antibiotics in this group. The duration
of treatment of the initial episode was similar in both
groups, suggesting that superinfection episodes were
responsible for prolonged antimicrobial use in the de-
escalation group. Of note, in this group, new pathogens
were responsible for 56 % of the superinfection episodes.

De-escalation did not affect the mortality rate. In our
study, we observed a27 % mortality rate at day 90. This rate
is consistent with the selection of patients with severe sepsis
[22]. Although the study was not designed to assess this end-
point, we did not observe any difference in the 90-day
mortality in either group. Our findings are in accordance
with the results of several observational studies [6, 11]. In
contrast, an observational study concluded that de-escala-
tion was a protective factor for mortality [10]. Unexpected
bias can affect the findings of observational studies [21, 23].
The appropriateness of antimicrobial treatment is proba-
bly critical for reducing the mortality related to severe
sepsis [10, 24-27]. Here we found that de-escalation was
not associated with a significant change in mortality.

The study was designed on a noninferiority model.
This choice was based on the analysis of observational
studies [5—11]. Most of those studies did not report sig-
nificant effects of de-escalation in terms of ICU duration.
Importantly, this design cannot serve to state that
continuing the empirical antimicrobial treatment was
associated with a shorter duration of ICU stay than de-
escalating the empirical antimicrobial treatment.

Limitations of our study include the lack of blind
treatment. The open design probably may have influenced
many important variables. As we compared different
strategies, it was technically difficult to conduct blind
treatment. Although we designed the study to reach a power
of 80 %, the number of patients remains relatively small.
Mode of administration was not collected, but most treat-
ments were given according to international guidelines [2,
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3]. The inclusion of patients with severe sepsis indepen-
dently of the site of infection could be viewed as a
limitation. However, guidelines recommend de-escalating
the empirical antimicrobial treatment in all patients with
severe sepsis, wherever the source of infection [2, 3]. Of
note, no significant difference was reported in the patients
with lung infection. Finally, there is an arbitrary dimension
in the definition of de-escalation. Future consensus is
required in order to provide a definition for this process.

Our study was not designed to measure the effect of de-
escalation on local ecology. We collected samples from
patients at inclusion and on day 8. We did not find sig-
nificant differences in either groups (data not shown). In
addition, no C. difficile infection was diagnosed in our
patients. Larger samples of patients are probably required
to explore this issue accurately [26]. Time of inclusion is
another limitation. However, the time between onset of
sepsis and antibiotic administration was similar in both
groups. Randomization resulted in imbalances between the
groups in age that could have influenced the findings. After
adjustment, the differences in hospital stay and mortality
were unchanged. One can note that lung as a source of
infection impacted the duration of ICU stay. However, in
this subgroup, the duration of ICU stay tended also to be
longer in the de-escalation group than in the continuation
group. In line with prior findings [28], a similar trend was
found in the analysis of patients with risk factors of
infection due to multidrug-resistance bacteria. According
to guidelines [2, 3], antibiotics directed against MRSA
were empirically used in our patients with severe sepsis
and septic shock. However, as there is no option for de-
escalating linezolid or vancomycin, no patient with MRSA
infection was included. Of note, in a previous study [29],
we assessed the rate of patients with ventilator-associated
pneumonia in three out of the nine ICUs of our present
study. We noted a 1.6 % prevalence of MRSA, suggesting
that this pathogen is rare in our area. In the present study,
we screened two patients with MRSA infection.

In conclusion, for the first time, this multicenter trial
randomly assigned de-escalation or continuation strategy.
In terms of duration of ICU stays, de-escalation was
inferior to continuation of the appropriate empirical

treatment. De-escalation was associated with an increased
number of superinfections, but it did not affect mortality.
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