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ABSTRACT 
Up to 50% of hospital-administered and 70% of nursing 
home-administered antimicrobials are inappropriately 
prescribed. There is a great need to focus local, national 
and global efforts on appropriate antibiotic use. Formal 
programs dedicated to appropriate antibiotic use have 
been established in most US hospitals. These antimi-
crobial stewardship programs (ASP) exist to ensure that 
the correct drug, dose and duration of an antimicrobial 
is given, and only when there is a true bacterial infection 
(as opposed to bacterial colonization or a viral infection).  
These programs increase patient safety and reduce un-
intended consequences including Clostridium difficile 
infections, medication-related adverse effects, and anti-
microbial resistance. Most of these programs are co-lead 
by an interdisciplinary team consisting of an infectious 
diseases (ID) pharmacist and an ID physician. However, 
consistent and meaningful metrics to study the impact of 
ASPs have not been elucidated. With the Joint Commis-
sion Standards for Acute Care facilities, and Centers for 
Medicare and Medicare (CMS) for long-term care facilities 
making antimicrobial stewardship (AMS) a condition of 
participation, both facilities will be scrambling to create 
appropriate quality care indicators to measure program 
success. One major theme across all healthcare settings 
is that ASPs must collaborate with facility leadership and 
key stakeholders at each institution in order to have an 
impactful benefit on patient quality of care, and safety. 
It is the purpose of this review to offer several economic, 
process, and patient-outcome measurements for ASP to 
optimally communicate with facility leadership.

KEYWORDS:  antimicrobial stewardship, outcome 
assessment, process assessment, hospitals, long-term  
care facilities  

INTRODUCTION

Antimicrobial stewardship programs (ASP) consistently 
demonstrate a reduction in antimicrobial utilization, favor-
able patient outcomes, and cost savings in both large aca-
demic medical centers and smaller community hospitals.1,2 
The demand for ASPs follows studies which indicate that 

up to 50% of hospital-administered antimicrobials, and up 
to 70% of long-term care facility-administered antimicrobi-
als are prescribed inappropriately.2,3 Misuse of antimicrobial 
agents (i.e. incorrect selection of drug, dose, frequency, dura-
tion or indication) has led to a rapid rise in antimicrobial-re-
sistant bacteria that are estimated to cause at least 2 million 
illnesses and 23,000 deaths, annually.4 The most common 
antimicrobial-related adverse events are Clostridium diffi-
cile infection (CDI), hypersensitivity reactions, and general 
medication-related adverse events.5 

In acute care facilities, ASPs are ideally comprised of mul-
tidisciplinary teams consisting of an infectious diseases phy-
sician, an infectious diseases clinical pharmacy specialist, 
a clinical microbiologist, an infection control professional, 
an information system specialist, and a hospital epidemiol-
ogist.2 These programs have repeatedly demonstrated a posi-
tive influence on patient outcomes (e.g. reduction in adverse 
drug events, CDI, morbidity and mortality, length of stay, 
antimicrobial resistance, and inappropriate prescribing), as 
well as healthcare expenditures.5  In long-term care facili-
ties, the responsibilities of AMS typically fall on the infec-
tion control and prevention nurse, ideally with assistance 
from consultant pharmacists, the directors of nursing and 
medical center directors. 

Appropriate antimicrobial utilization aims to improve 
patient outcomes and minimize multi-drug resistance 
(MDR). Appropriate antibiotic use is a national priority 
(National Action Plan for Combating Antibiotic-Resistant 
Bacteria) that calls for establishment of ASPs in accordance 
with the Centers for Disease Control and Prevention (CDC) 
“Core Elements of Hospital Antibiotic Stewardship Pro-
grams” (Table 1).3,6 The 2017 Joint Commission and Centers 
for Medicare and Medicaid Services will require hospitals 
and long-term care facilities to develop ASPs following 
these elements. Two of these CDC core elements relate to 
tracking and reporting measures of ASP success. However, 
selecting metrics to evaluate ASPs, their impact on patient 
outcomes, and development of resistance is challenging for a 
variety of reasons, including patient complexity, confound-
ing factors, and metric selection that accurately depicts the 
program’s impact.7 The purpose of this review is to discuss 
available metrics and provide guidance for selecting metrics 
within institutions.
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METRICS

Process and Antimicrobial Use Measures

Tracking and reporting antimicrobial use and outcomes data 
is critical to not only evaluating the success of the ASP, but 
also in identifying areas for improvement.3,8,9 Generally, 
interventions are implemented to evaluate process and/or 
outcome measures (Table 2).3,8,10 Process measures are easi-
est to evaluate as they utilize surrogate indicators to demon-
strate whether an ASP successfully changed processes (e.g. 
guidelines/clinical pathway adherence), prescriber behavior 
(e.g. accurate diagnosis; appropriate drug-indication pair-
ing, correct antimicrobial dose, frequency, and duration; 
appropriate and timely therapeutic modifications), resource 
utilization, or expenditure.10,11 From the administrative 
standpoint, process measures, particularly resource utiliza-
tion and expenditures, are critical to track as they highlight 
the need for continued support of ASPs. ASPs are associated 
with substantial cost savings that often stabilize after an 

initial period.2,3 However, continued 
support is warranted as costs increase 
after program termination.12

Antimicrobial consumption can be 
evaluated using metrics such as days 
of therapy (DOT) or defined daily 
doses (DDD). These metrics reflect 
an aggregate amount of antimicro-
bial consumption, and are often stan-
dardized with patient-days in the 
denominator to allow for comparison 
between hospitals, regions, and/or 
countries.3 Despite multiple available 
metrics, the CDC recommends uti-
lizing DOT as the primary antimicro-
bial consumption metric because it 
provides more clinically relevant data 
than other metrics, including DDD.3 
However, calculating DOTs requires 
patient-level antimicrobial use data, 
which may not be feasible for all 
facilities. Under such circumstances, 
DDD may be utilized as an alternative 
despite several key disadvantages.3,8 
DDD reflects the amount of drug a 
typical, adult patient would receive for 
any given day utilizing World Health 
Organization (WHO)-approved DDD 
values, and therefore cannot be used 
for pediatric patients requiring weight-
based dosing, as DDD interpretation 
is not translatable into meaningful 
data for that population.13 This mea-
sure was not originally designed as 
an antimicrobial stewardship (AMS) 

Measure
(Level of Ease)

Conceivable Metrics*
Application of conceivable metrics 
to sample syndrome-specific targets

Process
(Least difficult)

•	Days of therapy (DOT)

•	Unnecessary days of therapy 
avoided

•	Provider adherence to syndrome-
specific guideline/clinical pathway

•	Time to effective antimicrobial 
therapy

•	Time to optimal antimicrobial 
therapy after organism 
identification and sensitivity report

•	Proportion of patients converted 
from intravenous to oral medication

•	Number of urinalyses ordered  
in the ED

•	Optimize therapy for bloodstream 
infections after implementation of 
molecular rapid diagnostic testing 
(e.g. MALDI-TOF MS, Film Array 
[BioFire], Verigene [Nanosphere], 
Accelerate Pheno and Accelerate 
PhenoTest [Accelarate Diagnostics], 
etc.)

•	Reduce inappropriate antimicrobial 
prescribing for respiratory viral 
infections ruled in via PCR-
respiratory panel without signs  
of bacterial infection

•	Reduce or eliminate inappropriate 
antimicrobial prescribing for 
asymptomatic bacteriuria

•	Optimize antimicrobial use for 
infections in immunocompromised 
hosts

•	Reduce or eliminate inappropriate 
antimicrobial prescribing for skin 
and soft tissue infections

•	Reduce vancomycin use in low-
MRSA risk patient population  
with pneumonia

•	Optimize empiric antimicrobial 
use toward common resistance 
patterns in nursing home and/or 
long-term facilities

Outcomes 
(Moderately 
difficult)

•	Hospital length of stay

•	Intensive care unit (ICU)  
length of stay

•	30-day mortality

•	Infection-related mortality

•	Unplanned 30-day hospital 
readmission

•	Proportion of patients with 
hospital-acquired CDI

•	Proportion of patients with  
clinical failure

Resistance 
(Most difficult)

•	Resistance patterns via annual 
antibiogram

•	Pathogen-specific resistance

•	Patient population-specific 
resistance

Table 2. Metrics and Target Interventions

Element Description

Leadership 
commitment

Dedicating personnel, as well as financial and 
information technology resources

Accountability Appointing single leader to be responsible for 
program outcomes

Drug Expertise Appointing single pharmacist leader to support 
optimal antimicrobial utilization

Action Implementing at least one actionable 
recommendation (e.g. antimicrobial time-out 48 
hours post-empiric therapy)

Tracking Monitoring antimicrobial prescribing and 
resistance patterns

Reporting Regular reporting of tracked data to relevant staff

Education Educating clinicians on optimal prescribing  
and resistance 

Table 1. Centers for Disease Control and Prevention (CDC) Core  

Elements of Hospital Antibiotic Stewardship Programs

*Does not represent a complete list;  
MALDI-TOF MS= matrix-assisted laser/desorption ionization time of flight mass spectrometry
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metric, and should not be used as such, when possible, as 
it has numerous flaws and biases.3,8 DOT is not without 
flaws either. Although it provides useful overall antimicro-
bial consumption data, the optimal DOT number to target 
remains unknown. Reduction in DOT may not be beneficial 
for hospitals with already lean numbers. Indication-specific 
DOT data may be more optimal; however, data is currently 
unavailable. Comparison between DOT and DDD is further 
detailed in Table 3.

Other metrics, including length of therapy (i.e. sum of 
day’s patient received antimicrobials regardless of drug or 
dose), grams used (obtained from purchased, dispensed, or 
administered data) and expenditures (i.e. monetary value 
spent obtained from purchased, dispensed, or administered 
data) are available. However, they are not recommended as 
a consumption measure as these metrics cannot be used to 
compare specific antimicrobial usage, are inaccurate, and 
may be affected by changes in cost, respectively.14 

Outcome measures
Although process measures are substantially easier to 
collect and provide useful data, particularly during early 

program design, it is not enough to meet goals of ASPs.11 
The primary goals of ASPs include: 1) minimizing the pro-
gression of resistance; 2) optimizing antimicrobial selection 
(i.e. drug, dose and duration); and 3) reducing adverse drug 
events (i.e. CDIs, morbidity and mortality, length of stay 
and healthcare expenditures).10 These goals cannot be evalu-
ated through process measures alone.11,15 For example, while 
improvement in antimicrobial utilization has demonstrated 
reduction in CDI16, it cannot be completely explained by this 
process measure as additional unmeasured factors, including 
the role of infection control measures, can influence CDI 
rates.5 Regardless, data on CDI rates are often collected and 
may be useful when interventions targeting reduction of 
highly CDI-associated antimicrobials (e.g. fluoroquinolones) 
are implemented. 

Other helpful metrics evaluating outcomes related to ASPs 
in acute care facilities include: length of stay, 30-day mortal-
ity, unplanned hospital readmission, proportion of patients 
with clinical failure, days of avoided hospitalization (read-
mission, emergency room visits), as well as days of avoided 
central venous access and parenteral therapy administra-
tion.5 Measuring such outcomes is challenging, particularly 

Table 3. Days of Therapy (DOT) versus Defined Daily Doses (DDD)

*Obtained from purchased, dispensed, or administered data
** Available at: https://www.whocc.no/atc_ddd_index/

Description DOT DDD

•	Summation of days patient receives at least one dose 
of antimicrobial agent without regard to dose

•	Average maintenance dose for main indication in 70kg-adults
•	Total grams used*/ World Health Organization (WHO)-approved 

DDD value**

Example •	Patient receives ceftriaxone 2gm Q12h plus ampicillin 
2gm Q4h for 42 days

•	2 antimicrobials X 42 days = 84 DOT

•	Patient receiving ceftriaxone (CRO) 2gm Q12h plus ampicillin 
(AMP) 2gm Q4h for 42 days 

•	DDD-values for ceftriaxone and ampicillin =2gm

•	DDDCRO= (4gm dose/ 2gm DDD) x 42 days= 84 DDD; DDDAMP= 
(12gm dose/ 2gm DDD) x 42 days= 252 DDD; total= 336 DDD

Standardization •	DOT/ patient-days

•	DOT/ patient-admission

•	DDD/ patient-days

•	DDD/ patient-admission

Advantages •	Clinically relevant data

•	Expanded utilization in both adult and pediatric 
patients

•	Standardizing DOT can be used as benchmark to 
compare antimicrobial consumption between facilities, 
and regions

•	Easy to obtain and does not require patient-level data

•	Standardizing DDDs can be used as benchmark to compare 
antimicrobial consumption between facilities, and regions

Limitations •	Requires patient-level antimicrobial use data

•	Optimal DOT unknown

•	Combination therapy yields higher DOT regardless  
of spectrum of activity 

•	Assumes all dosing is routine and may overestimate DDD in patients 
who require appropriately higher dosing (e.g. central nervous 
system infections, obesity, high-MIC pathogen infections, etc.)

•	May underestimate DDD in patients that appropriately require 
lower doses (e.g. renal impairment)

•	Combination therapy yields higher DDD regardless of spectrum of 
activity

•	Institutions must have similar antimicrobial composition/formulary 
to allow for comparison

•	Cannot be utilized for pediatric patients
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for new programs and may become more feasible in the future 
as clear definitions and guidance is provided.7 Interventions 
focused on syndrome-specific outcomes may be more prac-
tical.5 With development and implementation of molecular 
rapid diagnostic testing (mRDT), measuring patient out-
comes in bloodstream infections has demonstrated a reduc-
tion in mortality, particularly in institutions with ASPs.17 
Likewise, directing AMS efforts to antimicrobial discon-
tinuation in institutions with high rates of inappropriate 
prescribing for respiratory tract infections18, particularly in 
setting of polymerase chain reaction (PCR)-positive respira-
tory panels and low procalcitonin levels, is reasonable.19

Resistance
Antimicrobial resistance is perhaps the most challenging 
outcome to measure due to its multi-factorial development 
and dispersal.3,5 Implementation of ASPs has been associated 
with a reduction in both Gram-positive and Gram-negative 
resistance20, but similar to CDI rates, these findings may 
be confounded by other factors that impact antimicrobial 
resistance, including infection control measures, changes 
in prevalent organisms within an institution, patient demo-
graphics, and other care practices.5 Tracking resistance of 
select pathogens, or patient populations that benefit most 
from AMS intervention may provide additional benefit to 
solely tracking and reporting overall resistance patterns.5

SELECTING AND APPLYING METRICS  
AT YOUR INSTITUTION

Expert consensus studies focusing on metric selection have 
been conducted.7-9 These groups propose six patient-level 
metrics ready for immediate use in acute care settings and 
we offer personnel expertise that may best assist in data 
collection. These six areas include; hospital-onset CDI 
(infection control and prevention); healthcare-associated 
CDI (infection control and prevention); incidence of drug 

resistant infections (microbiology and infection control 
and prevention); antimicrobial DOT per patient-admission 
(pharmacy); DOT per patient-days (pharmacy); and redun-
dant therapy events (pharmacy).7 Clinical outcome measures 
were not selected due to concerns with accurately associat-
ing outcomes to AMS intervention in setting of unmeasured 
confounding factors (e.g. severity of illness, infection-con-
trol activities).7 Similarly, unmeasured confounding factors 
including improved infection control measures, may influ-
ence CDI rates. Another structured panel used to identify 
quality-improvement metrics had several similarities to 
the patient-level expert consensus.8 However, these panel 
members chose to include clinical outcome measures (i.e. 
antimicrobial-related organism mortality, 30-day mortality, 
conservable days of therapy, and unplanned 30-day hospi-
tal readmission).8 Ideal metrics have yet to be elucidated as 
no single metric demonstrated superiority to others. Met-
rics should be individualized for each facility and aimed to 
satisfy short-term (e.g. reduction in antimicrobial consump-
tion, patient outcomes) and long-term (e.g. resistance) goals.3

CONCLUSION
Tracking and reporting measures that ensure ASP success 
and highlight areas for improvement is challenging as ideal 
metrics remain unknown. Regardless of metric selection, 
ensuring accurate and consistent data collection is critical. 
The CDC assists providers through various resources. Par-
ticularly helpful is the National Healthcare Safety Network 
(NHSN), a widely used tracking system designed to measure 
antimicrobial utilization with risk adjustment that allows 
for inter- and intra-facility comparison. NHSN website pro-
vides several useful resources including various slide-sets 
and YouTube videos that assist providers with several com-
ponents of ASP development. Other helpful resources are 
outlined in Table 4. 

Description Link

CDC NHSN hospital-acquired infections 
tracker

https://www.cdc.gov/nhsn/acute-care-hospital/

Joint Commission new antimicrobial 
stewardship standard

https://www.jointcommission.org/assets/1/6/New_Antimicrobial_Stewardship_Standard.pdf

CDC Long-term Care Facility infections 
prevention guidance

https://www.cdc.gov/longtermcare/index.html

CMS guidance for long-term care facilities https://www.cms.gov

University of Rhode Island antimicrobial 
stewardship treatment pathways

http://web.uri.edu/antimicrobial-stewardship/treatment-pathways/

Rhode Island Department of Health 
antimicrobial stewardship

http://www.health.ri.gov/healthcare/about/antimicrobialstewardship/

Table 4. Helpful Resources
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