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Unnecessary Use of Antimicrobials in 
Hospitalized Patients

• Prospective observational study in ICU
• 576 (30%) of 1941 antimicrobial days of therapy 

deemed unnecessary

Hecker MT et al. Arch Intern Med. 
2009;163:972-978.

Most Common Reasons for Unnecessary Days of Therapy
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15% antimicrobial 
days of therapy 
deemed unnecessary 
in hospitalized 
patients



• Discharge from acute hospitalization is an increasingly recognized source of 
antibiotic overuse

• Antimicrobials are prescribed to more than 10% of patients at hospital discharge 

• Key targets for antibiotic stewardship at discharge include unnecessary antibiotics,
excess duration, avoidable fluoroquinolones, and improving (or avoiding) intravenous 
antibiotic therapy



Antibiotic are misused in a variety of ways

• Given when they are not needed
• Continued when they are no longer necessary-

duration
• Given at the wrong dose-renal and weight-

based dosing
• Broad spectrum agents are used to treat very 

susceptible bacteria
• The wrong antibiotic is given to treat an 

infection



In patients hospitalized with gram-
negative bacteremia achieving clinical 
stability before day 7, an antibiotic course 
of 7 days was noninferior to 14 days.

604 patients with Gram negative bact



918 patients were assigned to the daily PCT-guided proto
924 to the daily CRP-guided protocol
918 assigned to standard care

The daily PCT-guided protocol reduced total antibiotic duration and had noninferior all-cause mortality compared 
with standard care.
No difference was found in total antibiotic duration between standard care and daily CRP-guided protocol, and CRP 
showed inconclusive results for all-cause mortality.



It remains to be seen how much we can shorten the duration of therapy. Could we even use a 7-day 
treatment regimen? 
This would lead to an earlier randomization on day 7. An adaptive trial design could be used to randomize 
patients to receive either 7, 10, or 14 days of treatment. 
A 7-day treatment arm would be added once interim analysis would demonstrate noninferiority of 14-day 
vs.10-
day treatment. 
This would of course need a very well-defined patient population to avoid undertreatment.

The ‘shorter is better’ approach proved successful in a variety of infectious diseases, it is now time to 
evaluate and apply it to candidemia



124577 patients with suspected sepsis who were initially treated with ≥2 days of anti–MRSA and anti-pseudomonal 
antibiotics but had no resistant organisms that required these agents identified through hospital day 4. 

Antibiotics were de-escalated in 36 806 (29.5%): narrowing in 27 177 (21.8%), cessation in 9629 (7.7%)

De-escalation was associated with lower adjusted risks for AKI, ICU admission after day 4, and in-hospital mortality.  



• Primary Goal: to optimize clinical outcomes while 
minimizing unintended consequences of 
antimicrobial use
– Consequences 

• Toxicity
• Selection of pathogenic organisms
• Emergence of resistant pathogens

• Secondary goal: to reduce health care costs without 
adversely affecting the quality of care

Antimicrobial stewardship is a package of 
measures to obtain…

Clinical cure 
vs

Therapeutic failure

Impact on 
hospital/outpatient/society

Allergy 
Resistance

Adverse 
events



Implementation of an ASP in the ICU effectively reduces broad- spectrum antimicrobial 
consumption in critically ill patients with pneumonia without compromising patient safety.



Who is involved in an AS Program?
• Antimicrobial Stewardship Team - multidisciplinary
• ID physician
• Clinical microbiologist
• ID pharmacist
• IT support
• IC/epidemiology support

• Antimicrobial Stewardship Committee
• Members of the AS team
• Director for Infection Prevention & Control for organisation
• Other clinical members

– Intensivists, physicians, surgeons, paediatricians

Antimicrobial
Stewardship

Develop New
Drugs and
Vaccines

Improved 
Diagnostics

Infection
Prevention

Reduce
Resistance
Reservoirs

Research &
Public 
Policy Education



Antimicrobial Stewardship Strategies

• Front end: Formulary restriction and preauthorization
• Back end: Interventions after antimicrobials have been 

prescribed
• BOTH:  Prospective audit with intervention and feedback
Supplemental Strategies

– Education, guidelines, clinical pathways
– Dose optimization via PK-PD
– De-escalation/Streamlining
– Antimicrobial order forms/order sets if CPOE
– IV-PO switch
– Computerized decision support
– Antimicrobial cycling
– Combination therapy

Dellit TH, et al. CID 2007;44:159-77 
Hand K, et al Hospital Pharmacist 2004;11:459-64
Paskovaty A, et al IJAA 2005;25:1-10



Front-end Approach

Physician writes order for “restricted drug”

Order arrives in pharmacy; pharmacist informs physician that drug is 
“restricted”/“not part of the pathway”/“nonformulary”

Prescribing physician and the “GATE KEEPER” converse

Approval or alternative antibiotic selected

Note del presentatore
Note di presentazione
The front-end approach – the physician writes an order, and the drug may be a restricted drug such as a carbapenem.  The physician must contact someone in the pharmacy.  And, depending upon how you work it, there may be a physician champion who actually may have to ‘OK’ the use of that drug or suggest an alternative.  




Formulary Restriction/Preauthorization
Front-end Approach

• Advantages
– Direct control over 

antimicrobial use
– Effective control of 

antimicrobial use during 
outbreaks

– Decreased inappropriate 
use of antimicrobials (and 
thus costs)

• Disadvantages
– Personnel needs
– Antagonistic relationship 

(loss of autonomy)
– Therapy may be delayed
– De-escalation not 

addressed
– ID physicians often exempt
– Effectiveness in decreasing 

resistance is less clear

Note del presentatore
Note di presentazione
Advantages of formulary restriction with preauthorization include: 1) direct control over antimicrobial use, 2) effective control of antimicrobial use during outbreaks, and 3) decreased inappropriate use of antimicrobial agents (and thus costs).

Disadvantages of this strategy are: 1) higher personnel requirements, 2) an antagonistic relationship between the ASP (or ID in general) and prescribers (ie, a loss of prescriber autonomy), 3) a potential delay of therapy, 4) manipulation of the system by prescribers, 5) exemption of all ID physicians is common, �6) the effectiveness of this strategy for decreasing antimicrobial resistance is unclear, and 7) “squeezing the balloon” may result in increased use of unrestricted agents (and thus increased resistance to those agents) as use of targeted agents decreases. To assess the last point, measuring trends of all antimicrobial use, not just targeted agents, must occur.



“Back end”
• Prescribers are allowed to order antibiotics 

upon admission
• Antibiotic orders are reviewed at specified 

intervals after initiation
• May be restricted to particular patient 

populations
• Ex:  Meropenem in ICU for up to 72 hours
• Ex:  Echinocandins in Febrile Neutropenia

• May be restricted to formulary drugs or by 
using a clinic pathway or protocol

• Ex:  Pneumonia protocol



Prospective Audit and Feedback
Back-end Approach

Physician writes order

1.)  Antibiotic 
Change/Continued based 
on Practice Guidelines

2.)  Prescribing 
physician contacted and 
recommendation made

Antibiotic is Dispensed

At a later date, antibiotics are 
reviewed 

(Targeted list of antibiotics, 
C/S mismatches, ICU patients, 
duration)



Prospective Audit and Feedback

• Advantages
– Prescriber autonomy 

maintained
– Educational opportunity 

provided
– Patient information can 

be reviewed before 
interaction

– Inappropriate 
antimicrobial use 
decreased

– De-escalation

• Disadvantages
– Compliance voluntary
– Identification of patients 

may require computer 
support

– Prescribers may be 
reluctant to change 
therapy if the patient is 
doing well

– Some inappropriate 
antimicrobial use 
permitted (with 
retrospective audit)

Note del presentatore
Note di presentazione
Advantages of prospective audit and feedback include: 1) prescriber autonomy is maintained, 2) an educational opportunity is provided whenever feedback occurs, 3) patient or other information can be reviewed prior to any interaction with the prescriber, and 4) inappropriate use of antimicrobials is decreased.

Disadvantages include: 1) compliance with the strategy is voluntary, 2) identification of patients may require computer support, 3) prescribers may be reluctant to change therapy if the patient is doing well, and 4) some inappropriate use of antimicrobials is permitted (with retrospective audit).







The use of RDT + ASP may lead to a survival benefit even when 
introduced in settings already adopting effective ASP in association with 
conventional BC
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TCI, time to culture-based identification results ; TDI, time to direct 
identification results.



Integration of an RDT system in the microbiological workflow for septic patients in ICU 
combined with a standardized ID intervention led to a significantly higher percentage 
of adequate antimicrobial treatment and greater adherence to local antibiotic therapy 
recommendations, even in a setting where 24/7 service is not available



The combination of an ASP with IDC improved antibiotic use among 
patients with cancer, and was accompanied by a reduction of 
mortality of bacteraemic infections. 



•3-year quasi-experimental evaluation on 
patients with SAB

•standardize timely ID consultation 
through automatic notification by the 
Microbiology laboratory.

•increased ID consultation for SAB (70% 
versus 100%, P=0.001) and decreased time 
to consultation (14.5 versus 4 h, 
P<0.001).

•Adherence to Quality of Care Indicators 
(QCIs) increased (45% versus 87%, 
P<0.001), transfer to intensive care 

it d d (38%  16%  P 



• Unsolicited consultation by an IDS for patients 
with BSI was performed only on days when an IDS 
was available.

• The intervention was independently associated 
with a higher percentage of days on optimal 
antimicrobial treatment (p < 0.001) but not 
with mortality. 

• Adherence to recommendations was associated 
with lower mortality (adjusted OR = 0 3; 95% 



•244 patients managed at 1 remote 
hospital

•171 patients were seen via teleID
•all 73 patients in the pre-teleID group 
were transferred from the remote 
hospital to the hub hospital, only 14 
(8.2%) of all remote hospital patients 
assessed by teleID were transferred.

•Patient LOS across both facilities 
decreased when patients were seen via 
teleID, compared to pre-teleID

Inpatient ID 
consultations using 
real-time 
interactive 
telemedicine 
assessments







From: Continuous vs Intermittent β-Lactam Antibiotic Infusions in Critically Ill Patients With Sepsis: The BLING 
III Randomized Clinical Trial

JAMA. 2024;332(8):629-637. doi:10.1001/jama.2024.9779



From: Continuous vs Intermittent β-Lactam Antibiotic Infusions in Critically Ill Patients With Sepsis: The BLING 
III Randomized Clinical Trial

JAMA. 2024;332(8):629-637. doi:10.1001/jama.2024.9779

Clinical cure was higher in the continuous vs intermittent infusion group (55.7% vs 50.0%). Other secondary 
outcomes were not statistically different.



From: Continuous vs Intermittent β-Lactam Antibiotic Infusions in Critically Ill Patients With Sepsis: The BLING 
III Randomized Clinical Trial

JAMA. 2024;332(8):629-637. doi:10.1001/jama.2024.9779



At multivariate analysis, failure in attaining an aggressive BL PK/PD target emerged as the only independent 
predictor of 30-day resistance development.

Fifty critically ill OLT recipients were treated with CI BL 
therapy for documented Gram-negative infections. 



From: Prolonged vs Intermittent Infusions of β-Lactam Antibiotics in Adults With Sepsis or Septic Shock: A 
Systematic Review and Meta-Analysis

JAMA. 2024;332(8):638-648. doi:10.1001/jama.2024.9803



From: Prolonged vs Intermittent Infusions of β-Lactam Antibiotics in Adults With Sepsis or Septic Shock: A 
Systematic Review and Meta-Analysis

JAMA. 2024;332(8):638-648. doi:10.1001/jama.2024.9803

Among adults in the intensive care unit who had sepsis or septic shock, the use of prolonged β-
lactam antibiotic infusions was associated with a reduced risk of 90-day mortality compared with 
intermittent infusions. 
The current evidence presents a high degree of certainty for clinicians to consider prolonged 
infusions as a standard of care.





• The impact of all interventions that impact use of 
antibiotics must be considered

• Measuring the benefits of antibiotic optimization

• Adapting economic evaluation methods to evaluate 
interventions to improve antibiotic use

• Incorporating long-term costs of antibiotic 
resistance is complicated

• Learning from methods used in the economic 
evaluation of newly available antibiotics

• Economic evaluation of antibiotic interventions 
based on probability of costs exceeding a threshold
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