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Intensive care units (ICUs) are the epicenters of antibi-
otic resistance, because (a) more than 80% of the patients
may receive antibiotic treatment on a given day; (b) the
illness severity of the patients and the use of invasive pro-
cedures increase the likelihood of successful acquisition
of and persistent colonization with new strains; (c) the
unstable hemodynamic conditions predispose to estab-
lishing suboptimal concentrations of antibiotics at the
infection site and (d) the high healthcare workload favors
the risk of cross-transmission of resistant strains.

To control the multidrug, extensively resistant micro-
organisms (MDR/XDR) spread in association with strict
infection control programs, antimicrobial therapy must
be used wisely and not started inappropriately [1].

The improvement of antibiotic therapy and the antimi-
crobial stewardship programs in the ICU are multicom-
ponent strategies described in Fig. 1 [1, 2].

Mainly because the available prediction score of MDR/
XDR infections is inaccurate, use of broad-spectrum
antimicrobials as carbapenems often represent the first
choice for empirical antimicrobial therapy in ICU [3] but
would be de-escalated in more than 2/3 cases, as they
have been repeatedly associated with an increased risk of
CPE, Stenotrophomonas maltophilia and XDR P. aerugi-
nosa infections [4].

In an opinion paper, de Waele and coworkers [5] ques-
tioned the role of antimicrobial de-escalation (ADE) as
one of the important components of antimicrobial stew-
ardship in critically ill patients.
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We have a different opinion since we consider that the
absence of ADE should lead to inappropriate AB man-
agement strategies.

In a nutshell [6, 7], the purpose of ADE is to reduce
both the spectra of antimicrobial therapy and the selec-
tive pressure on microbiota. It is most often not only
based on a switch from combination to monotherapy, but
also includes early shortening/discontinuing antimicro-
bial therapies. In the recent ESICM/ESCGIP statement
[6], early discontinuation was not included in the defini-
tion (low quality of evidence) but the panelists recognized
that an early discontinuation aimed at similar objective to
reduce the ecological impact of antimicrobials.

Whereas almost all studies to date have agreed on the
fact that ADE is safe, one study suggested that ADE may
prolong the duration of antimicrobial therapy and ICU
length of stay. In an open-labeled randomized controlled
trial, Leone et al. [8] reported that a strategy of a system-
atic decrease of the spectrum of the pivotal antimicrobial
failed to be non-inferior to its continuation, in terms of
duration of ICU stay. This study was underpowered, non-
blinded, there were serious imbalances between groups
that have been challenged in an accompanying edito-
rial [9]. Furthermore, in a recently performed multina-
tional cohort study DIANA (ClinicalTrials.gov Identifier:
NCT02920463), ADE was associated with an increase in
the Day?7 clinical cure rate, which is a much more appro-
priate endpoint (https://healthmanagement.org/c/icu/
news/lives2019-findings-from-the-diana-study).

As de Waele et al. [10] point out, the impact of ADE
on resistance patterns has not been formerly demon-
strated. It clearly depends on the nature of de-escalation
chosen. They appropriately highlighted the potential ben-
efit of a step-down strategy from carbapenem to narrow-
spectrum antimicrobials in ESBL endemic settings as
part of an antibiotic stewardship program. Indeed, such
a decrease of the carbapenem use decreases the risk
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Clinical features suggesting potential new infection

Bloodcultures and adequate microbiology and morphologic exams oriented on clinical exam
Other diseases mimicking infection: non-infective inflammatory processes

1. Direct examination
2. Rapid tests

Microorganism present
in the suspected

3. Results of other exams infected site

Yes

Organ failures,
increased need

of vasopressor agents

Positive results No Observe and look

for other causes

of significant
sample cultures

for the observed signs

Key elements of AB choice
Start antimicrobial based on
available data (see left boxes)

1. Underlying illness, immune status
2. Local epidemiology (MDRB)
3. Possible source of infection

Start antimicrobial based
on available guidelines
and local epidemiology

Potential process quality
indicators

Start targeted antimicrobial
therapy with optimized

regimen considering PK Availability of unit AB consumption,

4. Previous colonization I

nosocomial infection rate, and MDR

5. Previous AB used
6. Microbiology

Favor narrow spectrum
antimicrobials based

on previous available data
C ination therapy not needed
for sinergy purpose

Key elements of dose choice

based on available guidelines
adapted to local AB policies
and previous available data*

bacteria epidemiology

Combination AB therapy Day 0

Favor narrow spectrum
1. Sampling for cultures and other

exams performed before AB start

antimicrobials adapted to lab

2. Reason for AB start and precise

reasoning described in the report file

1. Start with loading doses |

2. Estimate the risk of glomerular
hyperfiltration

Seek source control where possible

3. Source control: assessed, and, if
possible, performed.

Day 1-2

results and PK

3. Adapt AB doses within 24h based

on estimated clearance, or RRT use.
4.TDM to assess the efficacy

Consider early stop with multidisciplinary rounds
Early switch of inadequate therapy

1. Report the names of the persons
involved in the discussion

2. Report the choice of AB

3. If combination, report the reason
of continuation

4. Report the discussion on the choice
of the AB

5. AB dose and TDM if any

3. TDM to avoid overdosage
and toxicities

g Select the most appropriate agents according to MICs, PK, tissue diffusion, toxicities
3 Deescalate to monotherapy unless absolutely necessary
Key elements of the Follow-up < Favor narrow spectrum AB
1. Clinical examination Anticipate the duration of therapy
and improvement or stabilization
z_i;iirri:;z:?:;ssamples o . Qonsider early stop with multfdisciplinary rounds ; ;
i clinically indicated < Daily reeyaluat|on of the dose used according tg clearance, T'D'M if available
% Consider early stop based on recommendations and/or clinical status

If no improvement, start again the process

6. Interaction with pharmacists
(PK interactions, AEs, etc.)

7. Planned duration of AB reported
in the formulary

4. Adapt AB doses within 24h based

Day 3-4

on estimated clearance, or renal m
replacement therapy use. 3

5. The situation must be stabilized;

Stop therapy usually after 7 days
If not, report the reason to continue and the planned duration of therapy

1. Planned date of AB stop reported
Day 5-7
1. Reason for continuation reported

if not, start again the process.

event, PK pharmacokinetic

2. Planned date AB stop reported

Fig. 1 Key elements of antimicrobial use rationalization therapy and proposal of process quality indicators. EOT end-of-therapy, AB antibiotic, MDRB
multidrug-resistant bacteria, MIC minimum inhibitory concentrations, RRT renal replacement therapy, TDM therapeutic drug monitoring, AE adverse

of breakthrough carbapenem-resistant Gram-negative
infections.

We suggest two important processes of care with a
third follow-on effect that should be monitored in a qual-
ity indicator program.

Broad-spectrum antibiotic therapy is not always
needed

First, the inflammatory responses seen in ICUs are very
similar to that of sepsis [1]. This can often mean that a
watch and wait process where no antibiotics are given, is
appropriate. Hranjec et al. in a “before and after study’,
found that an aggressive immediate antimicrobial therapy
when sepsis was suspected resulted in a more rapid anti-
microbial initiation, more frequently inadequate therapy
and was associated with a higher mortality as compared
to a conservative watch and wait strategy [11]. This study

showed that the early initiation of antimicrobial therapy
in case of sepsis in ICU can often be delayed after a care-
ful examination of patients and the completion of bacte-
riological and morphological diagnostic exams. As this
study was conducted in a surgical (mainly trauma) ICU
with a very low observed mortality, we accept that in
many ICUs with the most severely ill and immunocom-
promised patients, it is by far more difficult not to start
an antimicrobial therapy on the suspicion of sepsis [1].
As an example, infection-ventilator-associated compli-
cations leading to new antimicrobial therapy are associ-
ated with microbiological confirmation of an infectious
process in only 44% of the cases [12]. However, antimi-
crobials save lives in case of severe infections and their
early empiric use is recommended in recent guidelines
of the surviving sepsis campaign and textbooks about
sepsis and septic shock. If decided, the antimicrobial
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should be started with the most appropriate dosing regi-
men, adapted on the PK data, and secondarily modified
according to drug clearance in this individual patient
[13].

De Waele et al. mention ADE should not be a carte
blanche for starting a broad-spectrum antimicrobial
therapy when an infection is suspected in critically ill
patients. This is a sound statement. The decision to start
antimicrobial therapy and the selection of the appropriate
antimicrobials to administer should be made according
to local epidemiology, previous MDR colonization, sus-
pected site of infection, previous antimicrobial use, and
available guidelines. A narrow-spectrum antimicrobial
will likely be more appropriate for community-acquired
infections, in patients without any known previous colo-
nization with MDR bacteria and previous use of antimi-
crobials; it will also be more logical in region (or ICUs)
with a very low risk of MDR (ESBL-producing enterobac-
terales, MRSA) or XDR (carbapenem-resistant entero-
bacterales, Acinetobacter baumannii). The systematic
drawing of bacteriological sampling before starting any
antimicrobial therapy is fundamental to guide secondary
antimicrobial de-escalation.

In the absence of a documented infection when micro-
biological culture available, an early stop of antimi-
crobials should be considered

One key issue is the ability to stop antimicrobials that
have been started in case of negative microbiologi-
cal exams and alternate diagnosis. It requires system-
atic microbiological sampling before any changes of
antimicrobial therapy. There are more and more stud-
ies suggesting that this strategy is safe [14, 15], even in
immunocompromised patients, including those with leu-
copenia [16].

When the above-mentioned recommendations have
been adopted, the final question on ADE refers to the
need to de-escalate from a broad-spectrum antibiotic
therapy to a narrowest one with the same efficacy in an
attempt to reduce the antibiotic selection pressure

We do recognize that data are insufficient to demon-
strate at an individual level that this strategy decreases
the emergence of resistant microorganisms; however, it is
a sensible strategy to apply together with an appropriate
source control if a broad-spectrum antimicrobial therapy
has been started.

Conclusions

ADE includes all strategies to stepdown antimicrobial
therapies that are not needed, including the early stop of
antimicrobial agent(s) administered in the empirical regi-
men to cover pathogens that are eventually not isolated

in the bacteriological cultures, and in case of culture-
negative sepsis.

ADE should not be considered alone and take part of
the global rationalization of the antimicrobial use con-
ducted, during daily rounds, based on the patient’s con-
dition and the microbiological results (Fig. 1). The global
strategy is complex and requires a good collaboration
of intensivists with microbiologists, ID specialists and
pharmacologists. The global rationalization (including
ADE) process, more than just the ADE decision, should
be included in the continuous quality improvement pro-
gram (Fig. 1).

Author details

! Université de Paris, Sorbonne Paris Cité, UMR 1137, IAME, 75018 Paris, France.
2 APHP, Medical and Infectious Diseases Intensive Care Unit, Bichat-Claude
Bernard Hospital, 75018 Paris, France. > Intensive Care Services, Royal Brisbane
and Women's Hospital, Brisbane, Australia. 4The University of Queensland,
Brisbane, Australia. > Scientific Consultant, Nimes University Hospital, Univer-
sity of Montpellier, Nimes, France. 5 Infectious Diseases Clinic, Department

of Health Sciences, University of Genoa and Ospedale Policlinico San Martino
IRCCS, Genoa, Italy.

Compliance with ethical standards

Conflicts of interest

JFT declares COI outside of the submitted work: scientific board: Pfizer, Paratek,
Nabriva, Merck; MedImune, research grants to my university: Pfizer, Merck,
Biomerieux, 3M; lectures fees: Merck, Pfizer, Biomerieux, Gilead. Academic
Research program on rapid diagnostic tests (Multicap: NCT 03452826; PHRC
16-0595) and PK optimization in ICU (BICCS PHRC-18-0316). JL has received
honoraria from MSD and Pfizer. MB declares outside of the submitted work
has participated in advisory boards and/or received speaker honoraria

from Achaogen, Angelini, Astellas, Bayer, Basilea, Biomerieux, Cidara, Gilead,
Menarini, MSD, Nabriva, Paratek, Pfizer, Roche, Melinta, Shionogi, Tetraphase,
VenatoRx and Vifor and has received study grants from Angelini, Basilea, Astel-
las, Shionogi, Cidara, Melinta, Gilead, Pfizer and MSD.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 11 January 2020 Accepted: 23 January 2020
Published online: 20 February 2020

References

1. Denny KJ, De Wale J, Laupland KB, Harris PNA, Lipman J (2020) When not
to start antibiotics: avoiding antibiotic overuse in the intensive care unit.
Clin Microbiol Infect 26:35-40

2. Timsit JF, Bassetti M, Cremer O, Daikos G, de Waele J, Kallil A, Kipnis E,
Kollef M, Laupland K, Paiva JA, Rodriguez-Bano J, Ruppe E, Salluh J, Tac-
cone FS, Weiss E, Barbier F (2019) Rationalizing antimicrobial therapy in
the ICU: a narrative review. Intensive Care Med 45:172-189

3. Versporten A, Zarb P, Caniaux |, Gros MF, Drapier N, Miller M, Jarlier V,
Nathwani D, Goossens H (2018) Antimicrobial consumption and resist-
ance in adult hospital inpatients in 53 countries: results of an internet-
based global point prevalence survey. Lancet Glob Health 6:2619-e629

4. Patrier J, Timsit JF (2020) Carbapenem use in critically ill patients. Curr
Opin Infect Dis 33:86-91

5. DeWaele JJ, Schouten J, Beovic B, Tabah A, Leone M (2020) Antimicrobial
de-escalation as part of antimicrobial stewardship in intensive care: no
simple answers to simple questions—a viewpoint of experts. Intensive
Care Med. https://doi.org/10.1007/500134-019-05871-z


https://doi.org/10.1007/s00134-019-05871-z

1042

Tabah A, Bassetti M, Kollef MH, Zahar JR, Paiva JA, Timsit JF, Roberts

JA, Schouten J, Giamarellou H, Rello J, De Waele J, Shorr AF, Leone M,
Poulakou G, Depuydt P, Garnacho-Montero J (2019) Antimicrobial de-
escalation in critically ill patients: a position statement from a task force of
the European Society of Intensive Care Medicine (ESICM) and European
Society of Clinical Microbiology and Infectious Diseases (ESCMID) Criti-
cally Il Patients Study Group (ESGCIP). Intensive Care Med. https://doi.
0rg/10.1007/500134-019-05866-w

Weiss E, Zahar JR, Lesprit P, Ruppe E, Leone M, Chastre J, Lucet JC,
Paugam-Burtz C, Brun-Buisson C, Timsit JF (2015) Elaboration of a consen-
sual definition of de-escalation allowing a ranking of beta-lactams. Clin
Microbiol Infect 21(649):e641-e650

Leone M, Bechis C, Baumstarck K, Lefrant JY, Albanese J, Jaber S, Lepape
A, Constantin JM, Papazian L, Bruder N, Allaouchiche B, Bezulier K,
Antonini F, Textoris J, Martin C (2014) De-escalation versus continua-

tion of empirical antimicrobial treatment in severe sepsis: a multicenter
non-blinded randomized noninferiority trial. Intensive Care Med
40:1399-1408

Timsit JF, Harbarth S, Carlet J (2014) De-escalation as a potential way of
reducing antibiotic use and antimicrobial resistance in ICU. Intensive Care
Med 40:1580-1582

De Bus L, Denys W, Catteeuw J, Gadeyne B, Vermeulen K, Boelens J, Claeys
G, De Waele JJ, Decruyenaere J, Depuydt PO (2016) Impact of de-escala-
tion of beta-lactam antibiotics on the emergence of antibiotic resistance
in ICU patients: a retrospective observational study. Intensive Care Med
42:1029-1039

. HranjecT, Rosenberger LH, Swenson B, Metzger R, Flohr TR, Politano AD,

Riccio LM, Popovsky KA, Sawyer RG (2012) Aggressive versus conservative
initiation of antimicrobial treatment in critically ill surgical patients with
suspected intensive-care-unit-acquired infection: a quasi-experimental,
before and after observational cohort study. Lancet Infect Dis 12:774-780

Bouadma L, Sonneville R, Garrouste-Orgeas M, Darmon M, Souweine B,
Voiriot G, Kallel H, Schwebel C, Goldgran-Toledano D, Dumenil AS, Argaud
L, Ruckly S, Jamali S, Planquette B, Adrie C, Lucet JC, Azoulay E, Timsit

JF, Group OS (2015) Ventilator-associated events: prevalence, outcome,
and relationship with ventilator-associated pneumonia. Crit Care Med
43:1798-1806

Tangden T, Ramos Martin V, Felton TW, Nielsen El, Marchand S, Brugge-
mann RJ, Bulitta JB, Bassetti M, Theuretzbacher U, Tsuji BT, Wareham DW,
Friberg LE, De Waele JJ, Tam VH, Roberts JA (2017) The role of infection
models and PK/PD modelling for optimising care of critically ill patients
with severe infections. Intensive Care Med 43:1021-1032

Lockhart GC, Hanin J, Micek ST, Kollef MH (2019) Pathogen-negative
sepsis-an opportunity for antimicrobial stewardship. Open Forum Infect
Dis 6:0f2397

Torres A, Niederman MS, Chastre J, Ewig S, Fernandez-Vandellos P,
Hanberger H, Kollef M, Bassi GL, Luna CM, Martin-Loeches |, Paiva JA,
Read RC, Rigau D, Timsit JF, Welte T, Wunderink R (2017) International
ERS/ESICM/ESCMID/ALAT guidelines for the management of hospital-
acquired pneumonia and ventilator-associated pneumonia: Guidelines
for the management of hospital-acquired pneumonia (HAP)/ventilator-
associated pneumonia (VAP) of the European Respiratory Society (ERS),
European Society of Intensive Care Medicine (ESICM), European Society
of Clinical Microbiology and Infectious Diseases (ESCMID) and Asociacion
Latinoamericana del Torax (ALAT). Eur Respir J 50(3):1700582. https://doi.
0rg/10.1183/13993003.00582-2017

Schnell D, Montlahuc C, Bruneel F, Resche-Rigon M, Kouatchet A, Zahar
JR, Darmon M, Pene F, Lemiale V, Rabbat A, Vincent F, Azoulay E, Mokart D
(2019) De-escalation of antimicrobial therapy in critically ill hematology
patients: a prospective cohort study. Intensive Care Med 45:743-745


https://doi.org/10.1007/s00134-019-05866-w
https://doi.org/10.1007/s00134-019-05866-w
https://doi.org/10.1183/13993003.00582-2017
https://doi.org/10.1183/13993003.00582-2017

	Antimicrobial de-escalation is part of appropriate antibiotic usage in ICU
	Conclusions
	References




