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Abstract

Purpose: Antibiotic de-escalation is promoted to limit prolonged exposure to broad-spectrum antibiotics, but proof
that it prevents the emergence of resistance is lacking. We evaluated determinants of antibiotic de-escalation in an
attempt to assess whether the latter is associated with a lower emergence of antimicrobial resistance.

Methods: Antibiotic treatments, starting with empirical beta-lactam prescriptions, were prospectively documented
during 2013 and 2014 in a tertiary intensive care unit (ICU) and categorized as continuation, de-escalation or escala-
tion of the empirical antimicrobial treatment. Determinants of the de-escalation or escalation treatments were identi-
fied by multivariate logistic regression; the continuation category was used as the reference group. Using systemati-
cally collected diagnostic and surveillance cultures, we estimated the cumulative incidence of antimicrobial resistance
following de-escalation or continuation of therapy, with adjustment for ICU discharge and death as competing risks.

Results: Of 478 anti-pseudomonal antibiotic prescriptions, 42 (9 %) were classified as escalation of the antimicrobial
treatment and 121 (25 %) were classified as de-escalation, mainly through replacement of the originally prescribed
antibiotics with those having a narrower spectrum. In multivariate analysis, de-escalation was associated with the
identification of etiologic pathogens (p < 0.001). The duration of the antibiotic course in the ICU in de-escalated
versus continued prescriptions was 8 (range 6-10) versus 5 (range 4-7) days, respectively (p < 0.001). Mortality did
not differ between patients in the de-escalation and continuation categories. The cumulative incidence estimates of
the emergence of resistance to the initial beta-lactam antibiotic on day 14 were 30.6 and 23.5 % for de-escalation and
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Take-home message: The results of this study do not confirm the
expected favorable effect of de-escalation of anti-pseudomonal
beta-lactam antibiotic treatment on the selection of antimicrobial
resistance. De-escalation should therefore not be considered to be a safe
strategy underpinning an unlimited empirical use of broad-spectrum
combination therapy. Future research to determine the most optimal de-
escalation strategy and by extension the most optimal antibiotic strategy
reducing overall antibiotic exposure and antimicrobial selection pressure
is essential.
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otics was not lower following de-escalation.

technology system

continuation, respectively (p = 0.22). For the selection of multi-drug resistant pathogens, these values were 23.5 (de-
escalation) and 18.6 % (continuation) respectively (p = 0.35).

Conclusion: The emergence of antibiotic-resistant bacteria after exposure to anti-pseudomonal beta-lactam antibi-
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Introduction

Selection of the appropriate antimicrobial therapy for criti-
cally ill patients is challenging in the context of the increas-
ing prevalence of antimicrobial resistance. International and
local guidelines advocate the use of broad-spectrum antibi-
otics in severe healthcare-associated infections for maximal
empirical coverage, coupled with antibiotic de-escalation to
reduce overall exposure to broad-spectrum antibiotics and
its detrimental ecological effects [1, 2]. De-escalation may be
achieved through replacing broad-spectrum antibiotics by
narrow-spectrum drugs, through stopping components of
an antibiotic combination, or by early withdrawal of antibiot-
ics in the absence of infection [1, 3—8]. The widely promoted
strategy of de-escalation is backed up by only a few studies
which used heterogeneous definitions of de-escalation and
provided equivocal results [6, 7]. The survival benefit related
to de-escalation which was reported in some observational
trials [9—11] could not be confirmed in other studies [12, 13],
nor in a recent multicenter randomized trial [14], although
none showed increased mortality associated with de-esca-
lation. Furthermore, there is a lack of microbiological data
in support of the presumption that de-escalation limits the
emergence of multi-drug resistant (MDR) pathogens [7].

In the observational study reported here, we describe
treatment changes (de-escalation and escalation) follow-
ing empirical beta-lactam antibiotic prescription in inten-
sive care unit (ICU) patients and identify determinants of
the different treatment patterns. We subsequently relate
these patterns to patient outcome, focusing on the effect
of de-escalation of anti-pseudomonal beta-lactam antibi-
otics on the emergence of antibiotic resistance.

Methods

The study was conducted at the 14-bed medical ICU and
the 22-bed surgical ICU (SICU) of Ghent University Hos-
pital (1056 beds). From 1 January 2013 to 31 December
2014, we prospectively registered all infections requir-
ing antibiotics with the aid of the software application
COSARA (Computer-based Surveillance and Alerting of
infections, Antimicrobial Resistance and Antibiotic con-
sumption in the ICU), developed in collaboration with
the Department of Information Technology of Ghent
University [15, 16]. COSARA facilitates the build-up of
an extensive data warehouse by allowing linkage between

automatically collected clinical and biochemical variables,
antimicrobial prescription data, microbiology results and
clinical diagnoses of infection. During the study period,
no strict empirical antibiotic protocol was used, and all
empirical choices and subsequent changes were at the lib-
erty of the senior ICU-physician, working together in close
collaboration with microbiologists and conferring three
times weekly. As described previously [17], empirical anti-
biotic choices are essentially guided by systematically col-
lected surveillance cultures (SC). Piperacillin—tazobactam,
ceftazidime, and meropenem were administered as a con-
tinuous infusion, and non-anti-pseudomonal beta-lactam
antibiotics and non-beta-lactam antibiotics were admin-
istered intermittently. Standard dosing regimens are pro-
vided in Electronic Supplemental Material (ESM) Table 1.

From the COSARA data warehouse, we retrospectively
analyzed all beta-lactam antibiotic courses of at least a 48-h
duration that were prescribed as first-line treatment of an
infection. Only episodes in the ICU of at least a 96-h dura-
tion were included as antibiotic changes were unlikely to
occur in shorter episodes. Antibiotic changes were classi-
fied as de-escalation or escalation depending on whether
the changes represented a move up or down, respectively,
a predefined ranking system of agents according to increas-
ing order of Gram-negative antimicrobial activity (ESM
Table 1). Roughly outlined, this ranking system was: step 1:
“beta-lactam antibiotics without anti-pseudomonal activity
or fluoroquinolones advocated as empirical treatment for
severe community-acquired infection”; step 2: “non-car-
bapenem beta-lactam antibiotics with anti-pseudomonal
activity or fluoroquinolones targeted at Pseudomonas”;
step 3: “carbapenems”; step 4: “carbapenems in combina-
tion with a second antibiotic with Gram-negative coverage”.
We did not evaluate changes in Gram-positive coverage
(such as adding or withholding glycopeptides or linezolid).
The ranking system was modified according to the focus of
infection and the consequent need for anaerobic coverage
(for example, as required in complicated intra-abdominal
infections). Levofloxacin was classified as a step 1 antibi-
otic despite the anti-pseudomonal activity as it is a recom-
mended treatment choice for severe community-acquired
infections in national guidelines [18].

We registered patient demographics, co-morbidities,
focus and severity of the infection, and daily sequential
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organ failure assessment (SOFA) scores. Microbiology
results from 10 days prior to ICU admission until 10 days
following ICU discharge were taken into consideration,
comprising SC and additional cultures upon clinical sus-
picion of infection. SC consisted of oral, nasal, and rectal
swabs upon admission, followed by once-weekly nasal
samples and twice-weekly oral and rectal samples in all
patients, as well as twice weekly sputum in the non-intu-
bated patient or endotracheal aspirate in the ventilated
patient. Cultured pathogens were classified as etiologic if
these were considered to represent the causal pathogen
of the infection and as colonizing in other cases. In case
of microbiologically documented infection, antibiotic
treatment was considered to be appropriate if all etio-
logic pathogens were covered.

For the outcome analysis, patients were included
once, and the first beta-lactam prescription was consid-
ered. The following outcome parameters were recorded:
ICU mortality, in-hospital mortality, subsequent infec-
tions requiring antibiotic therapy, and total antibiotic
consumption in the ICU, defined as the total number of
days that a patient received an antibiotic during his/her
stay in the ICU. In case of combination therapy, the total
antibiotic consumption equaled the sum of the num-
ber of days of the individual components of the treat-
ment. Antibiotic-free days were noted in the subgroup of
patients with a length of stay (LOS) in the ICU of at least
14 days. In addition, emergence of pathogens resistant to
the initial beta-lactam antibiotic and emergence of MDR
pathogens was registered. Pathogens isolated in any cul-
ture from day 2 following the start of the antibiotic treat-
ment under study and not present before that time were
defined as having emerged after treatment. The following
pathogens were categorized as MDR: methicillin-resist-
ant Staphylococcus aureus, vancomycin-resistant entero-
coccus, Stenotrophomonas maltophilia, Achromobacter
spp.» MDR Enterobacteriaceae, MDR Pseudomonas aer-
uginosa, and MDR Acinetobacter spp. modified from the
publication of Magiorakos et al., in accordance with the
MDR definition employed by the multicenter research
project R-GNOSIS, work package 6 (ESM Table 2) [19,
20]. In addition, we included Enterobacteriaceae resistant
for both 3rd generation cephalosporins and piperacillin-
tazobactam and Clostridium difficile.

The Ghent University Hospital Ethics Com-
mittee approved the study (registration number
B670201524161) and waived informed consent. Only
patients aged 16 years or older were included.

Statistics

Categorical variables were expressed as frequencies
(percentages), continuous variables were described as
median values with the interquartile range (IQR; 25-75th

percentile). Continuation of the antibiotic treatment was
defined as the standard to which de-escalation and esca-
lation were compared. Differences in categorical vari-
ables were calculated using Pearson Chi-square test or
Fisher’s exact test as appropriate. The Mann—Whitney U
test was used to compare continuous variables. A mul-
tivariate logistic regression model was used to identify
factors associated with de-escalation and escalation. All
variables with a p value of 0.15 or lower and considered
to be clinically important were entered into the model.
The Hosmer—Lemeshow test was used to evaluate good-
ness-of-fit. Statistical significance was defined as p < 0.05.
As systematic SC are no longer performed in patients
discharged from ICU or in patients who die during their
stay in the ICU, and hence the non-informative censor-
ing assumption is likely to be violated, a competing risk
analysis was performed when estimating the cumulative
incidence of the emergence of antibiotic resistance [21—
23]. Cumulative incidence functions (CIFs) of de-escala-
tion and continuation were compared using a modified
Chi-square test, with statistical significance defined as
p < 0.05 [24]. All statistical analyses were performed with
SPSS® software (SPSS, version 23; IBM Corp., Armonk,
NY), and the R 3.2.2 software package [25]. The compet-
ing risk analysis was performed using the “cuminc” rou-
tine available in the “cmprsk” package developed by Gray
[26].

Results

In total, we included 782 prescriptions of beta-lactam
antibiotics for 615 patients in our analysis. Changes
that could not be categorized as de-escalation or esca-
lation [#n = 50 (6.4 %)] were omitted from the analysis.
Of the remaining prescriptions (n = 732), 254 (35 %)
had no anti-pseudomonal activity [amoxicillin—clavula-
nate, n = 178 (24 %); cefuroxime, n = 53 (7 %), ceftriax-
one n = 23 (3 %)]. Piperacillin—tazobactam was the most
frequently used anti-pseudomonal antibiotic [ = 343
(47 %)), followed by meropenem [# = 111 (15 %)] and cef-
tazidime [n = 24 (3 %)]. Treatment changes are detailed
in Fig. 1a, b. Anti-pseudomonal beta-lactam antibiotics
were de-escalated in 25 % of the treatments and escalated
in 9 %; subsequent changes occurred in 26 % of treat-
ments; de-escalation was maintained in 81 % of the treat-
ment courses. Initial beta-lactam therapy was continued
during the entire treatment course in 66 % of treatments;
67 % of continued treatments for microbiologically docu-
mented infections could have been de-escalated based on
susceptibility data of the etiologic pathogen.

Determinants of de-escalation and escalation
To identify the determinants of de-escalation and esca-
lation we included prescriptions with anti-pseudomonal
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Fig. 1 a Treatment changes subsequent to the initial betalactam antibiotic prescription (all betalactam prescriptions included). b Treatment
changes subsequent to the initial betalactam antibiotic prescription (only betalactam prescriptions with activity against Pseudomonas included)
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activity only (n = 478). The median time interval to anti-
biotic change was 3 days (IQR for de-escalation and esca-
lation was 3-5 and 2-7 days, respectively). De-escalation
was achieved by narrowing the Gram-negative spectrum
in 111 treatments, by reducing the number of antimicro-
bials in three treatments, and by a combination of both in
seven treatments. In 63 % of de-escalations the empiri-
cal beta-lactam antibiotic was changed to another beta-
lactam antiobiotic. Levofloxacin was the most frequently
prescribed non-beta-lactam antibiotic in the case of de-
escalation (21 %) (Tables 1, 2).

Factors associated with de-escalation or escalation
are detailed in Table 2. In the multivariate analysis, de-
escalation was significantly associated with the identifica-
tion of etiologic pathogens (p < 0.001), and escalation of
therapy was significantly associated with severe sepsis or
septic shock at presentation (p = 0.03), worsening SOFA
score (p = 0.008), the presence of additional (non-etio-
logic) isolates resistant to the initial antibiotic (p = 0.01),
admission to the SICU (p = 0.003) and hospitalization
duration prior to start of the infection (p = 0.04).

Outcome after de-escalation of therapy

Both de-escalation and escalation were associated with a
longer antibiotic course [8 (IQR 6—10) (de-escalation) vs.
11 (IQR 8-19) (escalation) vs. 5 (IQR 4—7) (continuation)
days; p < 0.001] and a higher total antibiotic consumption
while in the ICU [12 (7-22) (de-escalation) vs. 24 (13—39)

(escalation) vs. 7 (4—15) (continuation) days; p < 0.001].
As compared to the LOS in the ICU of patients who
continued on the original therapy [continuation: 8 (IQR
5-15) days], that of patients in the de-escalation and
escalation categories was significantly longer [11 (6—19)
days, p = 0.001 and 17 (10-23) days, p < 0.001, respec-
tively]. The number of antibiotic-free days on day 14 was
significantly lower for patients in the de-escalation and
escalation categories [1 (0-3) (de-escalation), p = 0.04
vs. 0 (0-1) (escalation), p < 0.001 vs. 2 (0—6) (continua-
tion) days]. A subsequent infection in the ICU was more
frequent following escalation of treatment than follow-
ing continuation (55.3 vs. 33 %, respectively; p = 0.008).
Neither ICU mortality nor hospital mortality differed
between the three categories (Table 3).

Pathogens with in vitro resistance to the initial anti-
pseudomonal beta-lactam antibiotic emerged in 32.6 % of
patients, and MDR pathogens emerged in 28.8 % of patients;
these values did not differ significantly when the initial beta-
lactam therapy was continued, de-escalated, or escalated.
The cumulative incidence estimate (CIE) of emergence
of pathogens resistant to the initial beta-lactam on day 14
was 23.5 % when the initial beta-lactam was continued and
30.6 % when therapy was de-escalated (p = 0.22). The CIE
of emergence of MDR pathogens on day 14 was 18.6 and
23.5 % for continuation and de-escalation of therapy, respec-
tively (p = 0.35). Both CIF curves are displayed in Fig. 2a, b.
Equally, subgroup analyses on microbiologically confirmed
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Table 1 Baseline characteristics and univariate analysis of the determinants of de-escalation and escalation of therapy
with anti-pseudomonal beta-lactam antibiotics

Baseline characteristics

Age (years) 63 (49-72) 63 (50-72) 61 (45-72) 65 (53-72) 047 0.76
Male sex 319 (704 %) 211 (68.7 %) 80 (72.1 %) 28 (80 %) 0.51 0.17
Apache Il score 23 (18-29) 22 (17-28) 23 (18-30) 23 (20-31) 031 0.34
SAPS Il score 56 (42-71) 56 (42-70) 59 (45-73) 56 (41-74) 0.14 0.66
Hospitalization 7 (3-19) 9 (4-23) 6(2-15) 3(1-9) 0.008 <0.001
duration prior to
initiation of BL
therapy (days)
Antibiotic expo- 197 (43.5 %) 150 (48.9 %) 39 (35.1 %) 8(22.9 %) 0.01 0.003
sure during ICU
stay prior to
initiation of BL
therapy
ICU department 0.05 0.001
Medical ICU 198 (43.7 %) 149 (48.5 %) 42 (37.8 %) 7 (20 %)
Surgical ICU 255 (56.3 %) 158 (51.5 %) 69 (62. 2 %) 28 (80 %)
Co-morbidities
Diabetes 76 (17.8 %) 47 (16. 2%) 19(18.3 %) 10 (30.3 %) 0.62 0.04
Hypertension/ 188 (44.2 %) 123 (42.6 %) 50 (48.5 %) 15 (45.5 %) 0.29 0.75
peripheral vas-
cular disease
Coronary disease 82 (19.4 %) 52(18.1 %) 23(22.5 %) 7(21.2 %) 033 0.66
Chronic kidney 86 (20.3 %) 62 (21.5 %) 22 (21.4 %) 2 (6.3 %) 0.98 0.04
disease
Malignancy 97 (22.7 %) 68 (23.4 %) 22 (21 %) 7(21.2 %) 0.6 0.77
Chronic respira- 84 (20 %) 59 (20. %) 18 (17.5 %) 7 (21.9 %) 047 0.89
tory disease
Infection characteristics
Initial BL therapy 0.02 04
Ceftazidime 24 (5.3 %) 20 (6.5 %) 3 (2.7 %) 1(2.9 %)
Piperacillin-tazo- 327 (72.2 %) 225(73.3 %) 72 (64.9 %) 30 (85.7 %)
bactam
Meropenem 102 (22.5 %) 62 (20.2 %) 36 (32.4 %) 4(11.4 %)
Focus of infection 0.2 0.03
Abdominal 91 (20.1 %) 51(16.6 %) 25 (22.5 %) 15 (42.9 %)
Catheter related 6 (1.3 %) 2 (0.7 %) 4 (3.6 %) 0
Respiratory 247 (54.5 %) 174 (56.7 %) 59 (53.2 %) 14 (40 %)
Skin and soft 16 (3.5 %) 12 (3.9 %) 4 (3.6 %) 0
tissue
Urinary 19 (4.2 %) 14 (4.6 %) 4 (3.6 %) 1 (2.9 %)
Other 74 (16.3 %) 54 (17.6 %) 15 (13.5 %) 5(143 %)
Severe sepsis/sep- 178 (39.4 %) 115 (37.5 %) 42 (38.2 %) 21 (60 %) 0.89 0.01
tic shock
ASOFAP 0(—=1t02) 0(—1to2) 1(=11t02) —1(—4to01) 035 0.001
Bacteremia 36 (8.4 %) 19 (6.6 %) 13 (12.1 %) 4(11.4 %) 0.07 0.29
Microbiologically 215 (47.5 %) 116 (37.8 %) 80 (72.1 %) 19 (54.3 %) <0.001 0.06
documented

infection
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Table 1 continued

Presence of 71 (23.1 %)
(non-etiologic)

isolates resistant

to the initial BL

therapy

In microbiologi- 77/215 (35.8 %)
cally docu-

mented infec-

tion (n = 215)

In non-micro-
biologically
documented
infection
(n=238)

124 (27.4 %)

39/116 (33.6 %)

47/238(19.7 %)  32/191 (168 %)

39 (35.1 %)

31/80 (38.8 %)

8/31(25.8 %)

4 (40 %) 0.01 0.03
7/19 (36.8 %) 046 0.78
7/16 (43.8 %) 0.22 0.008

Values in table are presented as the median with the interquartile range (IQR) given in parenthesis or as the number with the percentage in parenthesis, as

appropriate

Apache II, Acute Physiology and Chronic Health Evaluation II; SAPS II, Simplified Acute Physiology Score II; BL, beta-lactam; ICU, intensive care unit; SOFA, Sequential

Organ Failure Assessment

2 Total number of prescriptions with anti-pseudomonal activity only. Patients with inadequate empirical therapy in microbiologically documented infections were

excluded for analysis
b ASOFA is SOFA score on day 0 minus SOFA score on day 2 of infection

Table 2 Multivariate analysis on determinants of de-escalation and escalation of anti-pseudomonal beta-lactam antibi-

otic therapy

ICU department (medical/surgical ICU) 0.81 3) 0.39 0.24 (0.1-0.61) 0.003
Hospitalization duration prior to initiation of BL therapy (days) 0.99 (0.98- 1) 0.11 0.96 (0.92-0.99) 0.04
Antibiotic exposure during ICU stay prior to initiation of BL therapy 0.68 (041-1.15) 0.15 0.52(0.2-1.34) 0.17
Type of initial BL therapy 0.98 (0.75-1.28) 0.88 1.17(0.67-2.1) 0.59
Focus of infection 0.98(0.86-1.12) 0.76 0.92(0.73-1.17) 0.5
Severe sepsis/septic shock 0.65-1.85) 0.72 0.38 (0.15-0.9) 0.03
ASOFA® 1.01 (0.94-1.08) 0.83 0.87 (0.79-0.97) 0.008
Microbiologically documented infection 3.96 (24-6.55) <0.001 14 (0.62-3.15) 042
Presence of (non-etiologic) isolates resistant to the initial BL therapy 1.46 (0.87-2.48) 0.16 3(1.26-7.11) 0.01

OR, Odds ratio; Cl, confidence intervale

Patients with inadequate empirical therapy in microbiologically documented infections were excluded from the analysis

@ Hosmer-Lemeshow test = 1.520, p = 0.99
b Hosmer-Lemeshow test = 3.483, p = 0.9
€ ASOFA is SOFA score on day 0 minus SOFA score on day 2 of infection

infections (ESM Fig. 2¢, d) or on only those including antibi-
otic courses of >5 days (ESM Fig. 2e, f) found no differences
in the CIFs of antibiotic resistance when de-escalation was
compared to continuation.

Discussion
To date no data have been published which confirm a
beneficial effect of de-escalation on MDR emergence [7].

Previous studies that were not designed to investigate
this subject were unable to demonstrate an impact of de-
escalation on the selection of resistance [12, 14, 27]. Our
analysis of routinely collected diagnostic and surveillance
cultures is the first study to address this topic systemati-
cally. Our data show no impact of the de-escalation of
empirical anti-pseudomonal beta-lactam therapy on the
emergence of resistance to antibiotics.
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Table 3 Patient outcome after de-escalation and escalation of anti-pseudomonal beta-lactam therapy

Antibiotic treatment 6 (5-9) 54-7) 8(6-10) 11(8-19) <0.001 <0.001
duration in the ICU
for the infection

under study (days)

Total antibiotic con- 10 (5-20) 7 (4-15) 12 (7-22) 24 (13-39) <0.001 <0.001
sumption in the ICU
(days)

Antibiotic-free days 1 (0-4) 2 (0-6) 1(0-3) 0(0-1) 0.04 <0.001

(14 days after

onset of infection)?

(n=116)

Subsequent noso- 127 (36.9 %) 73 (33.0 %) 33(38.8%) 21 (55.3%) 0.34 0.008

comial infection

during ICU stay (%

of patients)

Etiologic pathogen31/127 (244 %) 13/73 (17.8 %) 10/33(30.3 %) 8/21 (38.1 %) 0.15 0.07

is resistant to the
initial BL therapy

Etiologic pathogen32/127 (25.2 %) 15/73 (20.5 %) 10/33 (30.3 %) 7/21 (33.3 %) 0.27 0.25
is MDR resistant

LOS in ICU following 9 (6-17) 8 (5-15) 11(6-19) 17 (10-23) 0.001 <0.001

start of the infection

under study (days)
ICU mortality 76 (22.1 %) 47 (21.3 %) 19 (22.4 %) 10 (26.3 %) 0.84 049
Hospital mortality 117 (34 %) 73 (33 %) 28 (32.9 %) 16 (42.1 %) 0.99 0.28
Emergence of patho- 112 (32.6 %) 68 (30.8 %) 29 (34.1 %) 15(39.5 %) 0.57 0.29

gens resistant to the
initial BL therapy
Time interval toisola- 5 (3-11) 54-12) 3(2-10) 7 (3-8) 0.01 0.58
tion of pathogens
resistant to initial BL
(n=112)
Emergence of MDR 99 (28.8 %) 61 (27.6 %) 24 (28.2 %) 14 (36.8 %) 0.91 0.25
pathogens®
MRSA (1.5 %) 2(0.9%) 3(3.5%) 0 0.13 1
VRE (0.9 %) 2 (0.9 %) 0 1(2.6 %) 1 0.38
Clostridium difficile 6 (1.7 %) 523 %) 1(1.2%) 0 1 1
Piperacillin- 28 (8.1 %) 16 (7.2 %) 7 (8.2 %) 5(13.2%) 0.77 0.21
tazobactam and
3rd generation
cephalosporins
R Enterobacte-
riaceae
MDR Gram-nega- 72 (20.9 %) 44 (19.9 %) 17 (20 %) 11 (28.9 %) 0.99 021
tive pathogens
MDR Enterobac- 45 29 12 4 0.82 0.80
teriaceae
-ESBL-producing 18 15 2 1 0.17 048
Enterobacte-
riaceae

5
3

-Carbapenem 0 0 0 0 - -
R Enterobacte-
riaceae

MDR Pseu- 12 7 1 4 045 0.06
domonas
aeruginosa




Page 1036 of 1039

Table 3 continued

-Carbapenem 9 6 0
R Pseudomonas
aeruginosa
MDR Acinetobac- 1 0 0
ter spp.
-Carbapenem 0 0 0
R Acinetobacter
spp.
Achromobacter 2 1 1
spp.
Stenotrophomonas 12 7 3
maltophilia

3 0.19 0.13
1 - 0.15
0 _ -
0 048 1
2 1 0.62

Values in table are presented as the median with the IQR given in parenthesis or as the number with the percentage in parenthesis, as appropriate

MDR, Multi-drug resistant; LOS, length of stay; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococcus; R, resistant; ESBL, extended-

spectrum beta-lactamase
? In subgroup of patients with an ICU LOS >14 days after onset of infection

® MDR defined modified from the publication of Magiorakos et al. in accordance with the MDR definition employed by the multicenter R-GNOSIS research project

[19, 20]. Patients were included only once if multiple MDR pathogens are present
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De-escalation of anti-pseudomonal beta-lactam antibi-
otics was performed in one-quarter of the prescriptions,
which is low in comparison with the rates reported in
previous studies, ranging from 30 to 60 % [7, 9-13, 27,
28]. However, comparison between studies is hampered
by the lack of a universal definition for de-escalation.
Our definition of de-escalation was strict and limited to
Gram-negative coverage only. Gonzalez et al. reported
a de-escalation rate of 51 %, with >90 % achieved by a

reduction in the number of antimicrobials [12]. In con-
trast, the majority of de-escalations in our study resulted
from substitution of the initial antibiotic by an antibiotic
with a more limited spectrum [111/121 (92 %)].
Microbiological documentation of the infection has
been identified as a prerequisite for de-escalation in
many studies [10, 11, 13, 14, 27-29]. Although 27 % of
the de-escalations in our study were for the treatment
of culture-negative infections, multivariate analysis of
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the determinants of de-escalation found that identifica-
tion of the etiologic pathogen was the single factor pro-
moting de-escalation. However, a high number (67 %)
of continued treatments for microbiologically docu-
mented infections were not de-escalated despite this
being microbiologically possible, indicating that other,
unresolved barriers for de-escalation may exist [30]. In
contrast with prior observations we did not find an asso-
ciation between de-escalation and clinical improvement
or less severity of the infection [9, 10, 29, 31]. Interest-
ingly, factors associated with escalation were more com-
plex. Escalation was significantly associated with a higher
clinical severity upon presentation and unfavorable evo-
lution under treatment, an observation which was also
reported by Garnacho-Montero et al. [9]. Additionally,
the presence of resistant colonizing pathogens triggered
the physician to escalate therapy. As the presence of
resistant colonizing pathogens did not inhibit de-escala-
tion, we suspect that during the treatment course SC are
mainly used to alter the treatment in the case of severe
and sustained infections. Escalation of therapy was also
associated with the ICU department (surgical/medical)
regardless of focus of infection, suggesting that the deci-
sion to alter the therapy may be related to more subjec-
tive characteristics or attitudes of the physician [30].

An unexpected finding of our analysis was that the
treatment duration was significantly longer in the de-
escalated population (p < 0,001) [13]. To account for
potential bias, we repeated this analysis in different
subgroups of patients (i.e., with the antibiotic course
completed in the ICU, with etiologic pathogens identi-
fied) and calculated antibiotic-free days in the subgroup
with a LOS in the ICU of >14 days after initiation of the
infection—obtained the same result. One possible expla-
nation is that de-escalation under the form of early anti-
biotic discontinuation may be hidden in the subgroup
of patients who continued treatment. However, as the
results are identical in different subgroups, we assume
that this last reasoning cannot fully explain our observa-
tion. Alternatively, prolonged antibiotic treatment may
be an unwanted side-effect of de-escalation. Although we
have no firm explanation, it is tempting to propose a few
potential explanations. The first is that physicians may
not take the first days of empirical therapy into account
when determining the full treatment duration. A sec-
ond plausible explanation is the subjective perception
that extending a course of a narrow-spectrum antibiotic
for a few days may have fewer harmful ecological conse-
quences than extending that of a broad-spectrum drug.
The total antibiotic consumption in the ICU was also sig-
nificantly higher in our de-escalated patients, but these
results were mainly determined by the initial infectious
episode. In contrast to our findings, Leone et al. observed

an increased number of superinfections in patients fol-
lowing de-escalation, leading to a significantly higher
total antibiotic consumption [14]. Clearly, de-escalation
may itself provoke subsequent attitudes or behavior, an
aspect of this study which deserves further attention.

Cumulative incidence functions were analyzed both
for the emergence of pathogens resistant to the initial
anti-pseudomonal beta-lactam antibiotic and for emer-
gence of MDR pathogens, adjusting for ICU discharge
and death as competing risks for the selection of resist-
ance, and did not differ significantly between patients
in the de-escalation and continuation categories. The
increased emergence (although not reaching signifi-
cance) of resistance in patients in the de-escalation cat-
egory, as compared to those who continued the therapy,
disappeared altogether when the analysis was restricted
to microbiologically confirmed infections, as well as in
the subgroup of antibiotic courses of >5 days; as such
this increased resistance might be due to the higher
number of short antibiotic exposures in the continua-
tion group. The observation that pathogens resistant to
the prescribed beta-lactam antibiotic were isolated after
a median time interval of 5 days of treatment suggests
that there is a widespread reservoir of resistance which
rapidly results in detectable colonization even after short
treatment courses. Our results find support in the study
of Armand-Lefévre et al. [32] who describe an odds ratio
of 5.9 for colonization with imipenem-resistant Gram-
negative bacilli in the intestinal flora of ICU patients
after 1-3 days of exposure to imipenem. These findings
suggest that a reduction of the number of exposures to
broad-spectrum antibiotics may be a better approach to
limit the emergence of resistance. An alternative hypoth-
esis for the rapid selection of resistance is derived from
simulation studies that demonstrate a lower probability
to achieve adequate pharmacokinetic/pharmacodynamic
targets for more narrow-spectrum agents [33].

De-escalation on the second or third day of therapy
is recommended [1, 2, 5]. In our study we de-escalated
therapy after a median treatment duration of 3 (IQR 3-5)
days, which is in accordance with previous reports [12,
14, 27]. As physicians rely on microbiology results for
their decision to de-escalate, it seems almost impossible
to narrow this time-frame due to the limitations of cur-
rent microbiology practices.

Our study has a number of limitations. First, it is a ret-
rospective study, although all antibiotic-related data were
recorded prospectively. Second, our study is monocentric
in a setting with relatively low resistance levels, and the
impact of de-escalation may be different in other ecolo-
gies. Third, our ranking system of incremental Gram-neg-
ative antimicrobial activity is only one of many possible
approaches. In previous papers focusing on the subject,
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ranking of antimicrobials by their spectrum of activity has
proven to be difficult, resulting in conflicting definitions
[34, 35]. Moreover, most prior observational studies do not
provide the ranking of the treatments that was used, which
makes interpretation and comparison difficult [9, 12, 13,
27]. Fourth, we lack information regarding the antibiotic
exposition prior to ICU admission. However, keeping in
mind that in the univariate analysis de-escalated patients
had significantly shorter hospitalization duration before
the initiation of the beta-lactam treatment and significantly
less previous antibiotic exposure in the ICU, it is unlikely
that prior antimicrobial consumption was higher in the de-
escalated population. Finally, it is reasonable that different
de-escalation strategies are not comparable with respect to
patient outcome and impact on microbial ecology.

In conclusion, in our study population, de-escalation of
anti-pseudomonal beta-lactam antibiotics, as performed
by the replacement of antibiotic treatment by a more nar-
row-spectrum agent, was mainly driven by the presence of
etiologic cultures. We did not observe a beneficial effect of
de-escalation on the emergence of resistance. Consequently,
we conclude that de-escalation should not be considered to
be a safe strategy underpinning the unlimited empirical use
of broad-spectrum therapy. Our results confirm the urgent
need for a uniform definition on de-escalation and for
future randomized controlled trials to determine the most
optimal de-escalation strategy and, by extension, the most
optimal antibiotic strategy for reducing overall antibiotic
exposure and antimicrobial selection pressure.
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