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Introduction
• Alarming rise of antibiotic resistant 

gram-negative organisms, has 

occurred in the past 20 years.

• ICUs are heavy utilizers  of broad-

spectrum antibiotics

• Antibiotics are the major drivers of 

antibiotic resistance

• Clinical outcomes from these 

infections are poor

Chiotos et al ICHE 2019;40:693
Vincent et al. JAMA 2009;302:2323



ASP and ICU
• Almost 70% of patients receive antibiotics during the ICU stay

• > 50%  of overall antibiotic use in the ICU may be inappropriate

• Several new agents active against antibiotic-resistant gram-

negative organisms have been developed 

• Resistance during therapy  with the new antibiotics has already 

been reported.

• Effective antibiotic stewardship is therefore  a  critical issue 
Chiotos et al ICHE 2019;40:693

Vincent et al. JAMA 2009;302:2323



E   E. faecium (VRE) 

S   S. aureus (MRSA)
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P   P. aeruginosa

E  Enterobacter Species

Boucher et al.CID 2009;48:1



Lancet Infect Dis 2019; 19: 56–66



Antibiotic stewardship in ICU

• The goal of ICU – based antibiotic stewardship is to 
optimize their use 

• Ensuring that the right antibiotic is given at the right 
time, at the right dose and for the right duration, 
aiming to eradicate infection whilst minimizing 
collateral damage



Rule 1

Which is the best core antibiotic 
stewardship strategy ?



Which strategy in ICU ?

• No studies have directly compared 

preauthorization and prospective audit 

and feedback strategies in the ICU

• The majority of the reports have 

evaluated the prospective audit and 

feedback strategy.

– antibiotic decisions are reviewed 

with the prescriber by the 

stewardship  team 2–3 days after 

initiation with recommendations 

for optimization of treatment. 

Chiotos et al ICHE 2019;40:693 Chung GW et al. Virulence 2013; 4:1-7   



Audit and Feedback to Reduce Broad-Spectrum Antibiotic Use
among Intensive Care Unit Patients: A Controlled

Interrupted Time Series Analysis

Elligsen et al. Infect Control Hosp Epidemiol 2012;33:354-361



Antimicrobial Stewardship and Intensive Care Unit 
(ICU) Mortality: A systematic review

• Prospective  audit and feedback to ICU patients receiving antibiotics was 
evaluated in 5 studies
– No changes in mortality associated with ASP using audit and feedback. 
– These results increase our confidence that audit and feedback can be safely 

implemented in ICU setting

Lindsay et al. Clin Infect Dis. 2019 ;68:748-756

https://www.ncbi.nlm.nih.gov/pubmed/?term=clin+infect+dis+2019;68:748-756


Rule 2

know your local resistance and 
antimicrobial use



know yourself

• Be aware of resistance patterns and antibiotic usage data in 

your hospital and unit 

• Provide regular feedback on resistance patterns and antibiotic 

usage data in ICU 



• Between 2000 and 2010, consumption of antibiotic drugs 

increased by 36%.

• Brazil, Russia, India, China, and South Africa accounted for 

76% of this increase. 

• There was increased consumption of carbapenems (45%) and 

polymixins (13%), two last-resort classes of antibiotic drugs.
Lancet Infect Dis. 2014 ;14:742-750.

https://www.ncbi.nlm.nih.gov/pubmed/25022435


De Waele et al. Intensive Care Med 2017



Rule 3

Start Smart: empirical 
therapy-local guidelines



Start Smart then Focus

after 24 hours

Provide adequate source control 



Empirical therapy

• Inadequate empirical antibiotic therapy, accounts for an 

estimated 39- 51% of excess mortality in ICU patients

• Guidelines

– Syndrome specific guidelines for empirical antibiotic 

therapy (intra-abdominal infections, HAP or VAP, and SSTIs) 

– based on local antibiograms and drug availability

• Computerized Decision Support to Assist with Empirical 

Antibiotic Choice

Doernberg et al. Infect Dis Clin N Am 2017



Empirical antibiotic therapy: appropriateness matters! 

(Range 10-38%)

(Range 33-91%)

Mortality



Rule 4

Laboratory



Start Smart then Focus

after 24 hours

Decrease time to diagnosis by adequate collection and transport of cultures 

and other clinical and microbiological rapid  diagnostic tests (RDTs)



Rapid diagnostic Tests

• Significantly reduce the time for pathogen identification and 

antimicrobial susceptibility from days to hours 

• RDTs can be applied into blood, respiratory specimens , and 

cerebrospinal fluid.

• Does not necessarily lead to improvements in antimicrobial 

prescribing. 

• Medical staff should be educated on the indications and 

performance of the new  tests

Dellit et al. Clin Infect Dis 2007; 44:159–77



Paño Pardo In Elsevier Inc. Antimicrobial Stewardship  2017; pp 64-69



Paño Pardo In Elsevier Inc. Antimicrobial Stewardship  2017; pp 64-69



Multiplex RDTs and antimicrobial stewardship

• Systematic review and meta-analysis of 31 studies (5920 patients 

with BSIs) comparing multiplex RDT with conventional 

microbiologic methods

– Significant decreases in mortality risk in the presence of a ASP

– Decreased time to effective therapy and LOS

– Greatest benefit of multiplex RDT may be for BSI caused by 

MDR organisms particularly VRE 

Timbrook et al Clin Infect Dis 2017;64:15-23



Rule 5

Focus:  PK/PD concepts



J. Roberts, Lancet Inf Dis 2014; 14: 498-509 

Individualised antibiotic dosing for patients who are
critically ill: challenges and potential solutions



Mayo Clin Proc. 2011;86:1113-1123

Optimized infusions strategies-higher 
doses and TDM



Rule 6 

Focus: 
• De-escalation of empirical antimicrobial 
therapy and elimination of redundant 
combination therapy based on available 
culture results every day
• Iv-oral switch 



De-escalation versus continuation of empirical
antimicrobial treatment in severe sepsis: a multicenter non-

blinded randomized noninferiority trial : LOS

• Multicenter (9 ICUs in France) study of patients with severe sepsis who 

were randomly assigned to de-escalation (n = 59) or continuation of 

empirical antimicrobial treatment (n = 57).

• The median duration of ICU stay was 9 [ 5–22] days in the de-escalation 

group vs. 8 [4–15] days in the continuation group, respectively (P = 0.71).

• A  superinfection  occurred in 16 (27 %) patients in the de-escalation 

group and six (11 %) patients in the continuation group (P = 0.03). 

• Mortality was similar in both groups
Leon et al. Intensive Care Med 2014



The efficacy of de-escalation therapy: mortality

E. Schuts, Lancet Inf Dis 2016 

• 19 observational studies reporting data on mortality
• 17 showed benefits with de-escalation 
• In 7 the effect  on mortality was significant
• The  relative risk reduction for mortality with de-escalation was 56%                  
(RR 0·44, 95% CI 0·30–0·66, p<0⋅0001). 



Antibiotic de-escalation for bloodstream 
infections and pneumonia:

systematic review and meta-analysis

/doi.org/10.1016/j.cmi.2016.05.023
Article Info

M. Paul, CMI 2016;22:960

Pooled odds ratios for all-cause mortality with de-escalation (DE) 
versus non-de-escalation (non-DE) by study design

• Observational studies suggest lower mortality with de-escalation for 
bacteraemia, severe sepsis and ventilator-associated pneumonia 
• This  benefit was not demonstrated in RCTs

https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(16)30175-6/pdf
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(16)30175-6/pdf


De-escalation: conclusions 

• No reduction in legth of hospital/ICU stay

• No reduction in mortality

• No  reduction in duration of antibiotics

• No effect on AMR

• For the moment probably safe



Mayo Clin Proc. 2011;86:1113-1123

iv-oral switch 



Rule 7

Focus: Shortening antibiotic 
treatment duration in ICU by using 

procalcitonin levels as guidance



• Prospective, multicentre, RCT in 15 hospitals in the Netherlands. 

• Critically ill patients aged at least 18 years.

• 1575 patients were randomly assigned (1:1) and stratified to receive either 

procalcitonin-guided or standard-of-care antibiotic discontinuation

• In the procalcitonin- group,  advice to discontinue antibiotics was provided if 

procalcitonin concentration had decreased by 80% or more of its peak value or 

to 0・5 μg/L or lower. 
Lancet Infect Dis 2016; 16: 819–27



Lancet Infect Dis 2016; 16: 819–27

Primary  and secondary outcome measures



PCT guidance shortens antibiotic therapy of 
septic patients 

• Bacteremic patients: antibiotics duration decrease of 2.9 days 

with  PCT guidance  (Meier et al. CID 2019;69:338) 

• Meta-analysis: Duration decreased by 1.3 to 3.1 days with 

lower mortality (Lam et al. Crit Care Med. 2018;46:684)

• Meta-analysis :  Duration decreased from 8.85 to 7.35 days  

(Iankova et al Crit Care Med 2018;46:691)



• Organise structured and efficient communication between 

microbiology lab, clinical pharmacist and infectious disease 

physician in direct ICU patient care 

• Invite an intensive care specialist to be part of the hospital 

antibiotic stewardship team 

Rule 8



Rule 9

Measuring effectiveness of an AMS 
in ICU: Quality indicators and bundle 

approach



Quality Indicators for antibiotic use in ICU

Kallen et al. Infectious Disease Reports 2017; volume 9:6821



5 day antibiotic use bundle in ICU 

Mutters et al. Int J Antimicrob Agents. 2018;51:65-70



Rule 10

Use of modern technology for decision 
support

Integrate antibiotic stewardship principles in 
your electronic medical record (EMR)



Use of modern technology for decision support

• Are potentially useful tools in ASP

• Appear to be beneficial for 

improving the quality of 

prescribing

• Their  impact on patient outcome 

and antimicrobial resistance is less 

certain



Conclusions
• In the face of emerging drug-resistant pathogens and the 

decrease in the development of new antimicrobial agents, ASP 

should be practiced in all critical care units. 

• Prospective audit and feedback, rapid diagnostics, pk/pd, 

procalcitonin guided therapy and computerized decision support 

systems have the potential to help clinicians using wisely 

antibiotics in ICU setting

• However, there is little information  about which particular 

intervention has the most impact . More studies are needed.



teşekkür ederim


