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T

reating patients with multidrugresistant (MDR) pathogens is an
increasing challenge for intensive
care unit (ICU) physicians. In the ICU,
compared to other hospital departments,
severe infections are most prevalent and
antimicrobial use is most abundant. Not
surprisingly, antimicrobial resistance (AMR)
has emerged primarily in the intensive care
setting, where multiple facilitators for the
development of resistance are present: high
antibiotic pressure, loss of physiological
barriers, and high transmission risk. There
have been numerous reports on outbreaks
with MDR pathogens in ICUs (French et
al. 2017). In some parts of the world ICU
physicians are struggling with the outlook
of a “post-antibiotic era”, where there are
no antibiotics available to treat common ICU
infections (MacVane 2017). With no new
drugs in the pipeline for MDR pathogens,
implementation of an antimicrobial stewardship programme (ASP) seems a reasonable
pathway to help prevent the further development of resistance (Bassetti et al. 2016).

Definition
An ASP can be thought of as a menu of
interventions that is adapted and customised
to fit the infrastructure and organisation of
an ICU (Septimus and Owens 2011). The
most important goal of an ASP is to provide
safe and effective antibiotic therapy whilst
safeguarding its effectiveness for future
generations. This can be accomplished by
reducing the total consumption of antibiotics and ensuring their appropriate usage.
Interventions to reach that goal in ICU
include prescription of appropriate empirical therapy, optimal timing, optimal dosing,
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de-escalation and discontinuation (Schuts
et al. 2016).
Most intensivists acknowledge the
importance of antimicrobial stewardship,
but have a hard time implementing an ASP
in their own ICU. In this article, a stepwise
approach to implementation is discussed
(Figure 1).

How to Start?
First, one needs to take control of the basics.
The ICU is—more than any department in
the hospital—a place where medical specialists work closely together to provide the
most optimal patient care. This is especially
a challenge in the treatment of patients with
infections, as infectious disease physicians,
clinical microbiologists and clinical pharmacists, relying on their own expertise, all
advise the ICU physician on the use of antibiotics. While the ICU has become an increasingly independent place and ICU physicians
have engaged in expanding clinical expertise
(e.g. ultrasound, continuous renal replacement therapy), in the field of treatment of
AMR infections, cooperation with other
clinical specialties remains crucial. It is
pivotal that intensivists take part in discussions on the hospital antibiotic formulary and
help develop local guidelines for the clinical
disease entities that are frequently encountered in the ICU. Preferably, an intensivist
is a member of the hospital antimicrobial
management team. On a day-to-day basis, the
presence of an attending infectious diseases
physician, clinical microbiologist or clinical
pharmacist on the ICU clinical ward round
may add to mutual understanding and
well-deliberated treatment decisions (Rimawi
et al. 2013).

Data
Some essential baseline data is needed to
define if antimicrobial use in your unit is
appropriate. It is important to have regularly updated information on local resistance
patterns from your microbiologist. It is also
essential to be aware of what the prescribing patterns are in your unit. Expressed as
days of therapy (DOT) or defined daily dose
(DDD)/100 patient days, it is possible to
get a general feel of the (differential) of
antibiotic use in your unit over time and
benchmark with other comparable ICUs.
Apart from these quantitative metrics
it may prove useful to measure current
practice closer to the patient and prescribing physician level, e.g. by assessment of the
percentage of appropriate empirical therapy
according to the local guidelines or the
percentage of patients with DOT according
to local guidelines. One could use a simple
PPS (Point Prevalence Survey) or perform
a small prospective audit to evaluate most
of these processes (Zarb et al. 2012). These
figures all together will create a picture of
the current state of antimicrobial treatment
in your unit and point you to the problem
most in need of improvement.

Barriers
Once the largest gap is recognised, insight
must be gained into the factors that influence
appropriate antimicrobial prescription at the
ICU and an improvement strategy should
be developed based on these factors while
applying social and behavioural change
theories. Antimicrobial prescription is a
complex process that is influenced by many
factors. The appropriateness of antimicrobial
use in hospitals varies between physicians,
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hospitals and countries, due to differences
in professional background, clinical experience, knowledge, attitudes, hospital antibiotic policies, professionals’ collaboration
and communication, care coordination and
teamwork, care logistics and differences in
sociocultural and socioeconomic factors. This
renders changing hospital antimicrobial use
into a challenge of formidable complexity.
Given that many influencing factors play a
part, the measures or strategies undertaken
to improve antimicrobial use need to be
equally diverse.
Even in a single ICU setting, using
relatively simple methods, these challenges
can be met. A well-structured group discussion focused at barriers and facilitators that
influence appropriate antibiotic use can lead
to surprising insights.

Why?

Reduce resistance
Reduce AB side effects
Improve patient
outcome
Reduce costs

What?

Focus on early diagnosis
Appropriate empirical
therapy
Optimise PK
Stop early

Antibiotic
stewardship
in ICU

How?

Study baseline data
Know barriers
Choose interventions
Develop a plan

Who?

Intensivist
Microbiologist / ID
Clinical pharmacist
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Interventions
A recently published Cochrane review found
that most interventions are effective in increasing compliance with antibiotic policies and
reducing duration of treatment. Lower use of
antibiotics does not increase mortality and
likely reduces length of stay. Enabling (persuasive) strategies consistently improved the
effect of interventions, including those with
a restrictive component (Davey et al. 2017).
Most interventions to change antibiotic use that have been studied in ICUs
are effective in reducing the quantity of
antibiotic use and antibiotic related costs,
but the effects on clinical outcome and—
importantly—on resistance levels are less
outspoken (Kaki et al. 2011). The most often
studied strategy in ICU is to apply restrictive interventions, such as pre-authorisation
of antibiotics, e.g. by an infectious diseases
specialist, a restricted antibiotic list or an
automated antibiotic stop order. These are
generally very effective in the short term.
However, restrictive measures may wear out
prescribing physicians needing to ask for
permission to prescribe. More importantly,
it can induce a so-called “squeeze-theballoon effect”: by restricting one class of
antibiotics, resistance will diminish for some
microorganisms, but resistance to the alternative antibiotics that are used to replace the
restricted ones will increase. In short, restrictive interventions are welcome in an acute

Figure 1. AB antibiotic ID infectious diseases PK pharmacokinetics

Table 1. Evidence-Based Recommendations to Increase the Appropriate Usage of Antibiotics in ICU Patients:
a 5-Day Bundle
Source: De Angelis et al. (2012)

1st

the clinical rationale for antibiotic start should be documented in the medical
chart at the start of therapy
appropriate microbiological culture according to local and/or international guidelines should be collected
the choice of empirical antibiotic therapy should be performed according to local
guidelines

2nd

review of the diagnosis based on newly acquired microbiological cultures
de-escalation therapy (the narrowest spectrum as possible) according to available microbiological results

3rd-5th

review of the diagnosis based on newly acquired microbiological cultures
de-escalation therapy (the narrowest spectrum as possible) according to available microbiological results
interruption of treatment should be considered according to local and/or international guidelines

outbreak setting, where there is a strong
relationship between the particular antibiotic
that is (over)used and the emerging resistant
pathogen(s).

Many non-restrictive “persuasive” interventions such as professional education, evidencebased clinical decision support systems and
guidelines, audit and feedback and remindICU Management & Practice 1 - 2017
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ers have also been shown to be successful
in ICUs (Kaki et al. 2011; Mertz et al. 2015;
Pestotnik et al. 1996).
There is a wide variety of interventions
available, and the most difficult task is to
choose the right one at the right time. These
choices are preferably made based on the
insights from a thorough barrier analysis
as discussed above (Cabana et al. 1999;
Flottorp et al. 2013): first comes diagnosis,
then comes treatment! If a lack of awareness
or knowledge in ICU professionals is the key
problem, education could help. If, however,
there is an attitude problem, an educational
strategy may prove counterproductive, and
academic detailing might work out better.
Also, different aspects of appropriate antibiotic use (start, stop or change therapy) may
require very different interventions (Schouten
et al. 2005).
There is a growing body of evidence
linking specific barriers to effective interventions. These can be selected and carried out.
It is clear that there is no one-size-fits-all
approach possible here. Rather, a more
tailored approach is advocated, sometimes
leading to multifaceted interventions
comprising more than one type of intervention. Plan-do-study-act (PDSA) cycles can be
used to target one relevant aspect of antibiotic care at the time, preferably going for the
“low-hanging fruit” first.
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Bedside Tools: Bundles and Biomarkers
In ICUs, bundle approaches have often been
successful: e.g. surviving sepsis bundles,
VAP bundles and CVC bundles have helped
intensivists to apply the most important
aspects of a specific care setting. There are
some examples of antibiotic use bundles that
cover the most relevant aspects of antibiotic use: start, streamline and stop (Table 1).
Bundles are essentially reminders, and can
be distributed as plastic flashcards, posters,
a smartphone application or even integrated
within the electronic medical record.
Biomarkers can also be used to reach
antibiotic stewardship goals: the use of
procalcitonin assays has been shown to
influence ICU physicians to safely shorten
duration of antibiotic therapy in ICU patients
with an infection (Bouadma et al. 2010; de
Jong et al. 2016).

resistance patterns and quantity and
quality of antibiotic usage, engagement
of a supportive team of antibiotic specialists and development of clear, locally
adapted guidelines.
• Based on baseline figures, choose to
target one problem at a time. Perform a
thorough analysis to elucidate barriers to
optimal antibiotic use using interviews
or a focus group.
• Find the optimal strategy to overcome
the barriers using the existing literature
and common sense, involve quality of
care/implementation experts to explore
and implement.
• Repeat the same cycle with different targets
and use PDSA to monitor progress.

Conflict of Interest
Jeroen Schouten declares that he has no
conflict of interest.

Conclusions
In the absence of new antibiotics for difficultto-treat infections by MDR pathogens, antibiotic stewardship is advocated in each ICU.
ASPs aimed at combating antimicrobial
resistance through improved antibiotic use
will play an increasingly important role in
the ICU. Implementation of an ASP requires
a structured approach:
• First make sure the basics are taken care
of: availability of information about
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