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Appendix 1. Search strategy 

Medline (Ovid) 04/24/2016

1. antibiot$.mp. or exp antibiotics/
2. antimicrob$.mp.
3. exp Anti-Bacterial Agents/
4. exp Anti-Infective Agents, Urinary/
5. exp Cross Infection/
6. exp Community-Acquired Infections/
7. exp Respiratory Tract Infections/
8. exp Wound Infection/
9. exp Catheter-Related Infections/
10. exp Vancomycin Resistance/ or exp Vancomycin/ or vancomycin.mp.
11. aminoglycosides.mp. or exp Aminoglycosides/
12. fl uoroquinolones.mp. or exp Fluoroquinolones/
13. broad spectrum antibiotics.mp.
14. carbapenems.mp. or exp Carbapenems/
15. exp Cephalosporins/or broad spectrum cephalosporins.mp.
16. or/1-15
17. exp Education/or education.mp.
18. information campaign.mp.
19. audit.mp.
20. feedback.mp. or exp Feedback/
21. dissemination.mp. or exp Information Dissemination/
22. provider reminders.mp.
23. computerized medical records.mp. or exp Medical Records Systems, Computerized/
24. exp Physician Incentive Plans/ or fi nancial incentives.mp.
25. discharge planning.mp.
26. guideline implementation.mp.
27. guideline adherence.mp. or exp Guideline Adherence/
28. exp Quality Assurance, Health Care/ or quality assurance.mp.
29. program evaluation.mp. or exp Program Evaluation/
30. exp Practice Guideline/
31. exp Physician's Practice Patterns/
32. exp Drug Prescriptions/
33. exp Drug Utilization/
34. or/17-33
35. randomized controlled trial.mp. or exp Randomized Controlled Trial/
36. controlled clinical trial.mp. or exp Controlled Clinical Trial/
37. intervention study.mp. or exp Intervention Studies/
38. Comparative Study/
39. experiment.mp.
40. time series.mp.
41. pre-post test.mp.
42. (randomized controlled trial or controlled clinical trial).pt.
43. (randomized controlled trials or random allocation or clinical trial or double blind method or single blind method).sh.
44. exp clinical trial/
45. (clin$ adj25 trial$).ti,ab.
46. ((singl$ or doubl$ or trebl$ or trip$) adj25 (blind$ or mask$)).ti,ab.
47. (research design or placebos).sh.
48. (placebo$ or random$).ti,ab.
49. exp Double-Blind Method/
50. exp cohort studies/ or (cohort adj (study or studies)).tw. or Cohort analy$.tw. or (Follow up adj (study or studies)).tw. or (observational adj (study or studies)).tw. or Longitudinal.tw. or comparative study/ or follow-up studies/ or prospective studies/ or cohort.mp. or compared.mp. or multivariate.mp. 
51. (“ time series”  or pre-post or “ Before and after”  or intervention).tw.
52. or/35-51
53. 16 and 34 and 52
54. limit 53 to english language
55. limit 54 to humans
56. limit 55 to yr=  "2005 -Current"
57. (influenza$ or antimalar$ or malaria$ or prophylax$).mp.
58. 56 not 57
59. american samoa OR australia OR brunei OR darussalam OR cambodia OR china OR fiji OR french polynesia OR guam OR hong kong OR indonesia OR japan OR kiribati OR korea OR macao OR malaysia OR marshall islands OR micronesia OR mongolia OR myanmar new caledonia OR new zealand OR northern mariana islands OR palau OR papua new guinea OR philippines OR samoa OR singapore OR solomon islands OR taiwan OR thailand OR timor-leste OR tonga OR tuvalu OR vanuatu OR vietnam
60. 58 and 59 























Appendix 2. Characteristics of 46 individual publications that met final inclusion in the systematic review

	Study, year	
	Countries or regions
	Setting
	Type of intervention 

	Duration 
	Study design 
	Risk of bias 

	
	
	
	
	
	
	

	Primary intervention:
Prospective audit and feedback (n=17) 

	Cai Y, 2016
	Singapore 
	Nephrology department at 1600-bed tertiary care center 
	Prospective audit and feedback; institutional antibiotic guideline 
	2 years 
(1/2010-12/ 2011)
	Retrospective analysis between ASP accepted arm (n=465) vs. ASP rejected arm (n=169)
	High 

	Cheon S, 2016
	Korea 
	A total of 46-bed ICU at 1275-bed university hospital 
	Prospective audit and feedback; infection control; hospital staff education; active surveillance cultures; contact precautions; environmental cleaning; disinfection enforcement; hand hygiene promotion
	Pre-intervention: 1 year 
(4/2012- 3/2013) 

Post-intervention: 1 year 
(4/2013-3/2014)
	Before-after trial 
	High 

	Tagashira Y, 2016
	Japan 
	790-bed tertiary care center 
	Prospective audit and feedback; infectious diseases consultation 

	Pre-intervention: 15 months 
(4/2012-6/2013) 
Post-intervention: 21 months
 (7/2013-3/2015) 
	Before after trial using interrupted time series
	High 

	Liew YX, 2015
	Singapore 
	1579-bed tertiary care center
	Prospective audit and feedback within 48 hours of audited antimicrobial prescription by pharmacists followed by infectious disease physicians. 
	1 year 
(1/2012-12/2012)
	Comparative study between ASP accepted arm vs. ASP rejected arm retrieved from prospective cohort 
	High 

	Apisarnthanarak A, 2015
	Thailand 
	650-bed university hospital 
	Prospective audit and feedback by infectious disease clinical pharmacist (IDCP) or IDCP+ infectious diseases consultation (IDC)
	9 months 
(1/2012-9/2012)
	Comparative study between IDCP ASP accepted arm vs. IDCP+IDC accepted arm vs. standard care arm, retrieved from prospective cohort
	High 

	Chen CH, 2015
	Taiwan 
	1800-bed tertiary care center 
	Prospective audit and feedback; infection prevention intervention, hand hygiene campaign 
	Pre-intervention: 8 years
(1/2002-12/2009)
Intervention: 4 years 
(1/2010-12/2013)
	Cross sectional study (before and after intervention) 
	High 

	Lew KY, 2015
	Singapore
	1500-bed tertiary care center
	Prospective audit and feedback for carbapenem de-escalation 

	16 month 
(9/2011-12/2012)  
	Retrospective analysis between ASP accepted arm (n=204) vs. ASP rejected arm (n=96)
	High 

	Fukuda T, 2014
	Japan 
	429-bed community hospital
	Prospective audit and feedback
	Pre-intervention: 6 months (1/2010-6/2010)
Post-intervention: 2 years (7/2010-6/2012)
	Before-after trial
	High 

	Baysari MT, 2013

	Australia 
	320-bed teaching hospital
	Prospective audit and feedback; electric prescribing system; 
	12 weeks 
	Retrospective analysis between pre (n=20) and post intervention (n=101) period
	High 

	Cairns KA, 2013
	Australia
	430-bed tertiary care center
	Prospective audit and feedback, a web-based approval system, ward rounds, 
	Pre-intervention: 3 years
(1/2008-12/2010)
Post-intervention: 18 months
(1/2011-6/2012) 
	Before after trial using segmented Poisson regression 
	High 

	Liew YX, 2012
	Singapore
	1559-bed tertiary care center 
	Prospective audit and feedback; approval; education; 
	2 years 
(10/2008 -9/2010)  
	Retrospective analysis between ASP accepted arm (n=743) vs. ASP rejected arm (n=165)

Retrospective time series regression for antimicrobial consumption 
	High


	Teo J, 2012
	Singapore
	n/a in the publication 
	Prospective audit and feedback; approval; education; guideline, 
	19 months 
(10/2008-4/2010) 
	Retrospective analysis of 12-month periods of ASP from each participating departments 
	High 

	Yeo CL, 2012 
	Singapore
	990-bed tertiary care center 
	Prospective audit and feedback
	Pre-intervention: 11 months
(8/2008-6/2009) 
Intervention: 11 months
(8/2009-6/2010) 

	Prospective interrupted time series 
	High 

	Niwa T, 2012
	Japan 
	606-bed university hospital 
	Prospective audit and feedback; electrical medical chart alert; education 
	Pre-intervention: 1 year
(8/2008-7/ 2009) 

Post-intervention: 2 years
(8/2009-7/2011) 
	Comparative study among retrospective cohort control arm vs. prospective cohort initial intervention arm vs. active intervention arm
	High 


	Shen J, 2011
	China 
	40-bed respiratory ward at a tertiary care hospital 
	Prospective audit and feedback by pharmacist. 
	10 months 
(7/2009-4/2010)
	Randomized controlled trial. Intervention arm (n=176) vs. control arm (n=178) 
	Low

	Rattanaumpawan P, 2010

	Thailand
	2200-bed tertiary hospital 
	Prospective audit and feedback; drug use evaluation; authorization 
	4 months 
(8/2007-11/2007)
	Randomized controlled trial. Compare no-authorization group (n=486) vs. authorization group (n=462)
	Low 

	Cheng VCC, 2009
	Hong Kong 
	1500-bed, university affiliated hospital 
	Prospective audit and feedback; education; treatment guideline 
	Baseline period: 1 year
(2004)

Intervention period: 3 years
(2005-2007)
	Retrospective analysis between baseline period and intervention period
	High 


	Primary intervention: 
Preauthorization or formulary restriction (n=8)

	Yoon YK, 2014
	Korea
	950-bed university hospital 
	Preauthorization, computer system guidance for carbapenem use (pop-up system) 
	Pre-intervention: 18 months
(Phase I: 9/2008-2/2010) 
Post-intervention: 18 months
(Phase II: 3/2010-8/2011)
Post-intervention: 19 months
(Phase III: 9/2011-2/2013) 
	Before-after trial using segmented linear regression (time series analysis)
	High 

	Li JS, 2013
	China 
	850-bed, general nonprofit hospital 
	EMR implementation for restriction of antimicrobial use; obtaining bacterial cultures and sensitivity testing; automatic notification of microbiology results 
	 Pre-intervention: 7 months
(4/2010-10/2010)
Post intervention: 7 months  
(4/2011-10/2011)
	Before-after trial 
Pre-implementation (n=7,829) vs. post-implementation (n=13,512)
	High 

	Kim YC, 2013
	Korea 
	2,000-bed tertiary care center 
	Computerized prescription restriction; hand hygiene; associated bylaws
	Pre-intervention: 14 months  
(1/2006-2/2007) 
Post-intervention: 41 months 
(8/2008-2011) 
	Before-after trial 
	High 

	Ikeda Y, 2012
	Japan 
	852-bed tertiary care center 
	Preauthorization (permission system); submit notification form
	42 months
Pre-intervention: 14months
(4/2005-5/2006) 
Notification period: 14 months
(6/2006-7/2007)
Preauthorization period: 14 months  
 (8/2007-9/2008)
	Before-after trial 
	High


	Chan YY, 2011
	Taiwan 
	3500-bed hospital 
	Preauthorization; prospective audit and feedback; infectious diseases consultation 
	 Pre-intervention: 20 months  
 (1/2003-8/2004) 

Post-intervention: 64 months  
(9/2004-12/2009)
	Before-after trial using segmented linear regression (time series analysis)
	High 

	Buising KL, 2008 
	Australia 
	365-bed tertiary, referral teaching hospital 
	Preauthorization and restriction (computerized approval system) 
	Before pilot intervention: 3 years
(1/2000-12/2002)
Pre-intervention: 2 years  
(1/2003-12/2004) 
Post-intervention: 2 years  
(1/2005-12/2006)
	Before-after trial using segmented linear regression (time series analysis)
	High 

	Kim JY, 2008
	Korea 
	750-bed, university hospital 
	Restriction (3rd generation cephalosporin) using computerized antimicrobial control program
	27 months 
Pre-intervention 
(Phase I) 

Intensive-intervention (Phase II) 

Maintenance (Phase III)

	Before-after comparative study
	High 

	Chang MT, 2006 
	Taiwan 
	921-bed, hospital 
	Restriction; education; guideline; 
	Basal period: 3 months 
 (10-12/2001; n=5,046) 

Intervention period: 3 months
(10-12/2002; n=5,054) 

	Before-after comparative study 
	High 

	
	
	
	
	
	
	

	Primary intervention: 
Education (n=7)

	Song YJ, 2015
	Korea
	1100-bed, tertiary, university hospital 
	Education via email; prospective audit and feedback 
	Pre-intervention: 6 months
(1-6/2013) 

Post-intervention: 6 months   
(7-12/2013)

	Before-after trial
	High

	Chaves NJ, 2014
	Australia 
	24-bed ICU at tertiary care center
	Education; feedback of observation to ICU team; medication record sticker; guideline for antimicrobial prescription 
	Pre-intervention: 9 months  
(7/2010–3/2011; n=306)
Post-intervention:14 months
(5/2011–6/2012; n=492) 

	Prospective before and after trial 
	High 

	Lin YS, 2013
	Taiwan 
	415-bed, community public teaching hospital 
	Education enhancement; prospective audit and feedback by clinical pharmacist and reporting 
outcomes of the program regularly to all staff.
	Pre-intervention: 6 months
(1-6/2009) 

Post-intervention:3 years
(7/2009-6/2012)
	Before-after trial using time series analysis (linear regression)
	High

	Shi Q, 2013
	China
	1,936-bed tertiary care center 
	Education; drug use evaluation; cefepime use criteria 
	Pre-intervention (Cycle A): 5 months
(6-10/2011, n=96)

Intervention (Cycle B): 5 months  
(1-5/2012, n=111)
	Comparative study between the cross-sectional retrospective cohort (pre-intervention) vs. prospective cohort (intervention) 
	High

	Ikai H, 2012
	Japan 
	264-bed, tertiary care center. 
	Education; policy implementation; rapid diagnostics; Switch to oral agents.
	Pre-intervention period: 1 year
(2003; n=18)

Intervention: 1 year 
(2004; n=45)

Sustained intervention: 1 year 
(2005; n=44)
	Retrospective comparative study among 3 periods. 
	High

	Miyawaki K, 2010
	Japan 
	1076-bed, tertiary care, university hospital 
	Education; consultation 
	Pre-intervention: 44 months  
(1/2001-8/2004)  

Post-intervention: 40 months  
(09/2004-12/2007)
	Retrospective comparison between pre-intervention and post-intervention 
	High

	Apisarnthanarak A, 2006
	Thailand 
	350-bed, tertiary care university hospital 
	Education; computerized data record and analysis; implement antimicrobial prescription form; 
	Pre-intervention: 1 year  
(7/2003-6/2004; n=4305)


Post-intervention: 1 year 
1 year (7/2004-6/2005; n=2,830)
	Before-after trial using time series analysis (linear regression) and comparison between patients in pre- and post-intervention periods.  
	High

	Primary intervention: 
Guideline or policy implementation (n=5)

	Guo W, 2015
	China 
	1800-bed, tertiary care teaching hospital 
	Chinese national policy implementation; computer assisted program; antimicrobial classification management 
	Before implementation of policy: 3 years
(1/2008-12/2010)

After implementation of policy: 3 years  
(1/2011-12/2013)
	Before after trial using time series analysis 
	High 

	Zou YM, 2015
	China 
	2341-bed, tertiary care, teaching university based hospital.
	A nationwide activity, Chinese Antimicrobials
Special Rectification Activity on Clinical Rational Use
(CASRA)
	Pre-intervention: 2 years  
(2009-2010) 

Post-intervention: 3 years  
(2011-2013)
	Before after trial using interrupted time series analysis 
	High 

	Zou X, 2014
	China 
	N/A
	A nationwide campaign for ASP
	Pre-intervention: 1 year 
(2011; n=105)

Post-intervention: 1 year 
(2012; n=121)
	Comparative study between patients in the pre-intervention period and those in the post-intervention period
	High 

	Hadi U, 2008
	Indonesia 
	1432-bed, teaching hospital 
	Guideline; obtaining 
blood cultures free of charge; education 
	Baseline: 7 months
Post-declaration: 2 months
Post-teaching: 2 months
Post-refresher course: 
2 months
Post-baseline: 6 months
	Prospective before after trial. Comparative study between baseline and post-baseline period
	High 

	Ng CK, 2008 
	Hong Kong
	1800-bed, acute service hospital 
	Policy and guideline formulation; education and feedback; monthly antibiotic consumption and cost monitoring; antimicrobial susceptibility pattern reporting; concurrent feedbacks for commonly prescribed broad 
spectrum antimicrobials
	Pre-intervention: 2 years  
(7/2003-6/2004; n=18,045):
                       
Post-intervention: 1 year  
 (7/2004-6/2005; n=19,390)



	Comparative study, pretest–post-test analysis
	High 

	Primary intervention: 
Syndrome specific intervention (n=3)

	Maeda M, 2016
	Japan 
	1014-bed, tertiary care university hospital 
	Chart review for patients with bloodstream infection and provide appropriate treatment by audit
	Pre-intervention: 1 year  
(1/2012-12/2012; n=302)  
Post-intervention: 1 year
(4/2013-3/2014; n=324)
	quasi-experimental study 
	High 

	Tan A, 2013
	Singapore 
	1,000-bed, national university hospital 
	A physician order form, staff educational sessions, and a palliative care consult service for patients with advanced diseases
	Pre-intervention: 1 year  
(2007; n=683) 

Post-intervention: 1 year   
(2010; n=714)
	Retrospective comparative study between patients in pre- and post-intervention periods 
	High 

	Apisarnthanarak A, 2007
	Thailand 
	24-bed ICU, tertiary care, university hospital
	Education program for ventilator-associated pneumonia 
	1 year before intervention: 
1 year 
 (Period1; 1-12/2003; n=470)

1 year after the intervention: 
1 year   
(Period 2; 1-12/2004; n=482) 

2 follow-up years: 2 years 
(Period 3; 1/2005-12/2006; n=952)
	Controlled, quasi-experimental study. Trend analysis using interrupted time series. 
	High 

	Primary intervention: 
Optimizing dosing (n=2)

	Masuda N, 2015
	Japan 
	N/A
	Therapeutic drug monitoring (TDM) by clinical pharmacist for vancomycin usage
	5 years (5/2007-5/2012)

	Retrospective comparative study between two groups: 

Non-pharmacist intervention group (n=508) vs.
Pharmacist intervention group (n=102)
	High

	Sime FB, 2015
	Australia 
	N/A
	TDM of piperacillin/tazobactam  for 3 consecutive days.
	8 months (3/2014-11/2014) 

	Prospective randomized controlled trial

TDM performed group (n=16) vs. 
No TDM performed group (n=16)
	Low 

	
	
	
	
	
	
	

	Primary intervention:
Rapid diagnostic testing (n=2)


	Taniguchi T, 2015
	Japan 
	550-bed, tertiary care center 
	Improved diagnostics (point of care of Gram-stain based antimicrobial therapy)
	1 year (5/2013-4/2014)

	Retrospective comparative study between Gram stain group (n=208) and guideline group (n=208)
	High

	Davies J, 2012
	Australia 
	n/a
	Improved diagnostics (GeneXpert)
	8 months (12/2010-7/2011)

	Prospective evaluation for positive blood culture for Gram-positive cocci in cluster
	High

	Primary intervention: 
Computerized clinical decision support system (n=2)

	Yong MK, 2010 
	Australia 
	24-bed ICU 
	Computer support decision system; web-based approval system
	Pre-intervention: 2.5 years

(1/2000-6/2002)

Post-intervention: 4.5 years 
(7/2002-12/2006) 

	Before after trial using segmented linear regression 
	High

	Sintchenko V, 2005
	Australia 
	18-bed ICU (in 800-bed hospital) 
	Computer support decision system 
	Control period: 6 months 
 (3/2002-9/2002) 

Intervention period: 
6 months
(10/2002-3/2003)


	Prospective trial, comparing the intervention period from control period
	High




























Appendix 3. Outcome measurement of individual studies included for a systematic review


	Study, year	

	Outcome measurement 
	Findings vs. control or prior to intervention (selected)
	Summary 

	Prospective audit and feedback (n=17)
	
	
	

	Cai Y, 2016
	· Duration of all antibiotics therapy, days, 
mean ± SD 
· Cost reduction (Singapore dollar: SGD$) 
· A 30-day infection-related mortality                  
· A 30-day all cause mortality    
Length of stay (LOS), days, (range) 
· 
	· 6.4 ± 3.7 vs. 8.4 ± 5.1 days; P<0.001 

· Reduced cost: SGD$ 90,045     
· 23/465 (4.9%) vs. 8/169 (4.7%); P=0.91
· 43/465 (9.2%) vs.17/169 (10.1%); P= 0.76   
· 16 (2–145) vs.16 (4–113) days; P=0.24     
                                                                                                                                                                                   
	ASP resulted in shorter duration of antimicrobial use and costs without changing patient outcome. 

	Cheon S, 2016
	· Incidence density of MDR-Acinetobacter baumanni
· Antimicrobial consumption by DDD per 1,000 patient-days (monthly, mean ± SD)
	· 2.68 vs. 22.82 cases per 1,000 patient-days. (P<.001) 
· Carbapenems: 94.85 ± 50.98 vs. 134.99 ± 82.26 AUD/DDD per 1,000 patient-days (P = 0.016)   
Piperacillin/tazobactam:104.23 ± 65.55 vs. 207.91 ± 125.42 AUD/DDD per 1,000 patient-days (p < 0.001)                                                                                              
Ciprofloxacin: 32.71 ± 29.68 to 191.36 ± 115.84 AUD/DDD per 1,000 patient-days (p < 0.001)

	ASP reduced incidence of MDR A. baumanni colonization and infection, and decreased use of carbapenem use. 

	Tagashira Y, 2016
	· Average monthly carbapenem consumption by days of therapy (DOT) per 1.000 patient-days        
 



· LOS
· In-hospital mortality
	· Carbapenem consumption: 8.4 DOT vs. 21.2 DOT per 1,000 patient-days (Proportion of reduction 0.61).                                                                               
· ITS for ID consult (P=0.01 for intercept and P=0.08 for trend) and audit and feedback (P=0.98 for intercept and P=0.08 for trends)                                                                  
· 12.4 days vs. 12.1 days (P=0.08) 
·  4.5% vs. 4.3% (P= 0.55)

	ASP reduced carbapenem consumption without changing patient outcome 

	Liew YX, 2015
	

· Duration of audited antibiotic therapy, (mean ± S.D.)            
· LOS                                          
· A 14 day-CDI (%)                                              
· A 30-day all cause mortality (%)   
· A 30-day infection related mortality (%)                
· A 30-day readmission (%)                                
· A 30-day infection-related readmission.
	For empiric therapy: accept ASP arm (n = 291) vs. reject ASP arm (n = 130)
· DOT 3.61 ± 1.37 vs.6.25 ± 2.61 days; P <0.001

· 9.74 ± 22.25 vs. 13.40 ± 30.17 days; P= 0.178
· 1 (0.3%) vs. 2 (1.5%); P= 0.227
· 20 (6.9%) vs. 23 (17.7%); P= 0.003
· 7 (2.4%) vs.13 (10.0%); P= 0.002
· 60 (20.6%) vs. 26 (20.0%); P= 1.000
· 20 (6.9%) vs. 6 (4.6%) (P= 0.512)          

	Acceptance of early ASP recommendation was associated with duration of audited antimicrobial therapy without compromising patient safety.  

	Apisarnthanarak A, 2015
	· Inappropriate antibiotic use                          
· De-escalation therapy                                
· Duration of antibiotic use <10 days                   
· LOS <28 days
	· Inappropriate antibiotic use          Adjusted RR 
Consultation of IDCP and IDC       0.11 (0.06-0.21) 
Consultation of IDCP                     0.86 (0.49-0.96) 
Standard of care                              Reference 

· De-escalation therapy
Consultation of IDCP                 65.4 (20.4-209.6) 
Consultation of IDCP and IDC   269.5 (76.3-951.1)
Standard of care                              Reference 

· Duration of antibiotic use < 10 days
Consultation of IDCP                   2.72 (1.60-4.64)
Consultation of IDCP and IDC     6.21(4.01-9.60)
Standard of care                             Reference 

· LOS <28 days
Consultation of IDCP                    1.65(1.52-1.76) Consultation of IDCP and IDC      3.02(2.51-3.64) 
Standard of care                              Reference
	Measurable treatment benefits associated with 
the integration of adjunct IDCP services into hospital-based ASPs.

	Chen CH, 2015
	· Incidence density of healthcare-associated infection (per 1,000 patient-days)
· Piperacillin/tazobactam and carbapenem use  (AUD/DDD per 1,000 patient-days)                
· Proportion of Carbapenem-resistant Acinetobacter (CRA) complex (%), mean ±SD    
· Proportion of MRSA (%), mean ±SD                                       
· Proportion of carbapenem-resistant (CR) Pseudomonas aeruginosa (%), mean ±SD
	· 1.25 ± 0.87 vs. 4.56 ± 0.48 per 1,000 patient-days; P< 0.001

· Piperacillin/tazobactam:
4,301± 36.6 vs. 4,591± 21.6 AUD/DDD per 1,000 patient-days; P < 0.001
· Carbapenem: 811 ± 31.6 vs. 921 ± 41.5 AUD/DDD per 1,000 patient-days; P= 0.608
· CRA complex: 66.2 ± 15.0 vs. 28.7± 28.0 %; P=0.033
· MRSA: 38.3 ± 5.7 vs. 51.2 ± 6.3 %; P=0.006
· CR P. aeruginosa: 5.3 ± 1.3 vs. 5.4± 1.4%; P=0.908
	Combination of ASP and infection control reduced overall incidence of healthcare-associated infection and may decrease use of carbapenem and piperacillin/tazobactam. 
Increased multidrug-resistant Acinetobacter during the study period

	Lew KY, 2015
	· Proportion of patients who achieved clinical success (%)                                                                          
· Duration of carbapenem use, days, median, IQR 
· Total duration of antimicrobial therapy, days, median, IQR                        
·  Length of hospitalization, days, median, IQR                        
· Survival at hospital discharge n (%)                 
· A-30 day mortality from the start of treatment with the carbapenem, n (%)                    
· Readmission due to infection within 30 days, n (%)                                          
· Incidence of MDRO (%)
	· 183 (89.7%) vs. 85 (88.5%); P= 0.84  
                                        
· 6 (4–8) vs. 8 (7–11) days; P< 0.001          
· 9 (7–14) vs. 9 (7–12) days; P= 0.70   
                                                                                                                          
· 18 (9–35) vs. 20 (9–40) days; P= 0.62                                                                              
· 173 (84.8%) vs. 79 (82.3%); P=0.58                                           
· 25 (12.3%) vs. 14 (14.6%); P=0.58       

· 15 (7.4%) vs. 8 (8.3%); P= 0.81                             
· Carbapenem-resistant A. baumannii: 4 (2.0%)   
   vs. 7 (7.3%); P= 0.042 
   Other carbapenem-resistant Gram-negative 
   bacteria: 6 (2.9%) vs. 1 (1.0%); P= 0.44                      
   C. difficile infection: 2 (1.0%) vs. 4 (4.2%); 
   P=0.081
	Duration of carbapenem use reduced by de-escalation ASP without changing clinical outcome.

	Fukuda T, 2014
	· Antimicrobial therapy costs (USD per 1,000 patient-days), mean, monthly                                                       
· Amount of antimicrobials used (defined daily doses per 1,000 patient-days),




· Sensitivity rates (%) of P. aeruginosa to meropenem, ciprofloxacin and amikacin  
                                            
                 

· Detection rates (per 1,000 patient-days) of MRSA and ESBLs through blood cultures.           







· LOS, days, mean, monthly
	· 4,555.0 vs 6,133.5 USD; P = 0.005 (reduction 25.8%)  
                      
· Aminoglycosides: 0.6 vs. 3.0 per 1,000 patient-days; P < 0.001
Penicillins: 35.3 vs. 22.7 per 1,000 patient-days; P=0.06
   Quinolones: 2.0 vs. 4.0 per 1,000 patient-days; 
   P= 0.09
   Carbapenems: 15.8 vs. 17.5 per 1,000 patient-    
   days; P= 0.21  
   Glycopeptides: 2.4 vs. 3.1 per 1,000 patient-
   days; P=0.16

· Meropenem:  88.5% vs. 84%  (P = 0.21)    
Ciprofloxacin: 75.3% vs. 74.8% (P = 0.21)    
Amikacin:  99% vs. 100% (P = 0.37)    
                                                             
· MRSA 1.5 vs. 2.9 per 1,000 patient-days; 
P < 0.001
ESBL: 0.3 vs. 0.4 per 1,000 patient-days; 
P = 0.37

· 15.9 vs. 16.6 days; P=0.09
	ASP led to reduction in antimicrobial costs, selected antimicrobial consumption, and MRSA detection rate

 

	Baysari MT, 2013
	· Proportion of compliance with policy (%)
	· 12/101(11.9%) vs. 0/20 (0%); P=0.07
	Statistically insignificant in terms of antimicrobial approval compliance policy. The authors identified the problem and challenges in implementing the policy.

	Cairns KA, 2013
	· Monthly use of broad-spectrum antimicrobial use (AUD/DDD per 1,000 patient-days) at ICU and general wards.  
	· ICU settings                                                                                                  Total broad spectrum 937.1 vs. 1021.8  AUD/DDD per 1,000 patient-days;      
   Intercept: 16.6% ( 19.9%,  13.2%),                          
   Trend: 1.0% (0.7%, 1.4%)                                                                                  
  Carbapenems 133.9 vs. 113.8 AUD/DDD per 
  1,000 patient-days
   Intercept: 11.2% ( 20.7%,  0.6%)                                       
   Trend: 2.1% (1.2%, 3.0%)                                                                                                            
· General ward
   Total broad spectrum 333.4 vs. 357.8 AUD/DDD 
   per 1,000 patient-days
      Intercept: 9.9% ( 15.7%,  3.7%) 
      Trend: 0.2% ( 0.4%, 0.8%)
  Carbapenems 53.5 vs. 52.9 AUD/DDD per 1,000 
  patient-days
     Intercept: 6.7% ( 10.0%, 26.5%) 
     Trend: 0.5% ( 0.9%, 2.0%)

	Prospective audit and feedback resulted in immediate broad-spectrum antimicrobial reduction, but its effect reduced over time. 

	Liew YX, 2012
	·  Total consumption of antibiotics 




· Thirty-day re-admissions 




· In-hospital or 30 day mortality 
· LOS days, (mean ± S.D.)

· A14-day reinfection rate 

	· Total consumption of antimicrobials: monthly trend increased (P = 0.05), especially meropenem and piperacillin/tazobactam
  (only provided as figure)
 
·  Total readmission rate: 22/523 (23.3%) vs. 21/143 (14.7%); P=0.029. But readmission due to infection was significantly lower in accepted group.  

· 55/578 (9.5%) vs. 21/143(11.5%); P=0.19. 
· 19.4 ± 19.9 days vs. 24.2 ±24.2 days) groups 
  (t = 4.05; P < 0.001) 
· 0 vs. 3/30 (10%); P=0.009
	ASP were safe and resulted in reduction of LOS

	Teo, J 2012
	· Proportion of inappropriate antibiotic prescriptions, (%)                                                  
·  Rate of acceptance of interventions made by the ASP, (%)                         
                         
·  Changes in consumption (AUD/ DDD per 100 patient-days: % change) and expenditure of antibiotics from pre-ASP phase





· All cause mortality rate (death per 100 inpatient-days)
	· 376/1,535 (24.5%) 

· 420/598 (70.2%)     


·  Total antibiotics
Consumption; −1.7 (4.5% change); P= 0.248 
Cost: −USD 141,554.26 (7.1% change); P= 0.151
· Total audited antibiotics
Consumption; −1.3 (10.0% change); P=0.032 
Cost; −USD198,575.51(13.2%); P= 0.011

· 0.438 vs. 0.441; P=0.854
	ASP was effective in optimizing antibiotic use without compromising clinical outcome 

	Yeo CL, 2012
	· Audited antibiotics at the NCIS AUD/DDD per 100 inpatient-days (coefficient; P value)    
                           
· All evaluated antibiotics, AUD/DDD per 100 inpatient-days (coefficient, p value)  
(selected antibiotics noted here)                                           


· Incidence-density of the antibiotic resistant microorganisms (per 1,000 patient-days) 
	· Audited antibiotics 52.71 (−2.509; P=0.001) vs. 46.12 AUD/DDD per 100 inpatient-days
  (0.019; P=0.985)  
· All evaluated antibiotics 102.52 (−3.221; P=0.039) vs. 84.58 (1.134; P=0.517) 
  Carbapenems 16.49  (−0.989; P=0.024) vs. 17.96 (−1.071; P=0.072) 

· Carbapenem resistant P. aeruginosa: 
0.367 vs. 0.831 per 1,000 patient-days
Carbapenem resistant Acinetobacter spp: 
0.413 vs. 0.489 per 1,000 patient-days
	ASP can be safely implemented at hematology-oncology units. 

	Niwa T, 2012
	· Antimicrobial use, AUD/DDDs per 1,000 patient-days                        

· Cost for intravenous antibiotics\
· LOS, day (median, IQR)                                                    
· Inappropriate use (defined as prolonged use> 2 weeks)                                                     
· Incidence of MDROs
	· 192.6 (170.6–208.5) vs. 210.3 (187.8–228.5) AUD/DDDs per 1000 patient-days;  P=0.003
                   
· USD 1,858,954 vs. 2,023,344  (11.7% reduction)                                                                
· 11.0 days (6–20) vs.12.0 days (7–23); P <0.0001                                                       
· 2.9% vs. 5.2%         
                                                                               
· MRSA/all S. aureus isolates
151/382 (39.5%) vs.172 ⁄ 361(47.6%); P = 0.026 Serratia marcescens 
  20 ⁄ 982 (2.0%) vs. 38 ⁄ 1026 (3.7%); P=0.026
	ASP effectively reduced antimicrobial use, costs and incidence of MDROs. 

	Shen J, 2012
	· Total cost of hospitalization,               
·  Cost of antibiotics,                                        
·  LOS (days) 
·  Scores of 6 items of inappropriate antibiotic use (including indication, choice, dosage, dosing schedule, duration and conversion)

	· $1442.3 ± 684.9 vs. $1729.6 ± 773.7; P=0.001
· $832.0 ± 373.0 vs. $943.9 ± 412.0; P = 0.01.      
· 14.2 ± 6.2 vs. 15.8 ± 6.0 days; P = 0.03 
· Total scores with respect to the 6 items of inappropriate antibiotic use were all lower in the intervention group than in the control group.

	Pharmacist-oriented ASP led to reduction in healthcare cost through reduction of antimicrobial costs and LOS.

	Rattanaumpawan P, 2010
	· Clinical outcome, n (%)
· Length of fever, days (SD)
· Infection attributable mortality, n (%)
· LOS, days (SD)
· Hospital survived discharge, n (%)

	· 313 (60.5) vs. 352 (68.9); P<0.01
· 7.49 (9.9) vs.11.0 (12.6); P<0.01                            
· 136 (29.4) vs. 172 (35.4); P=0.05
· 30.4 (28.7) vs. 30.7 (29.7); P=0.80
· 257 (55.6) vs. 279 (57.4); P=0.58
	ASP (drug use and evaluation with authorization) led to reduction in antimicrobial use and improvement in clinical outcomes

	Cheng VCC, 2009
	· Antimicrobial consumption 
   (AUD/DDD per 1,000 patient-days)


· Antimicrobial costs (USD; 2004 vs. 2007) 




· Antimicrobial susceptibilities 
· Crude mortality rate (%) 
	· 64.01 (2007) vs.73.06 (2004) AUD/DDD per   
 1,000 patient-days
    Piperacillin/tazobactam 22 vs. 34  
    Meropenem 21 vs. 11                                                             
· 1,321,418 vs.1,497,065 USD (-12%)                                                                                         piperacillin/tazobactam (−26%), cefoperazone-sulbactam (−36%), ceftazidime (−34%), cefepime (−65%), imipenem (−60%) to meropenem (+55%) from 2004 to 2007            
· Worsening A. baumannii susceptibilities.  
· Crude morality rate 1.79-2.51 vs. 1.82–2.56 (%)
	ASP resulted in reduction of broad-spectrum antimicrobial consumption. 

	Preauthorization or formulary restriction (n=8)
	

	Yoon YK, 2014
	· Carbapenem use (except ertapenem)  (AUD/DDD per 1,000 patient-days)
· 
· Ertapenem use (AUD/DDD per 1,000 patient-days).

· All cause mortality (per 1,000 patient-days)


· Carbapenem-resistant A. baumannii (CRAB) related mortality (per 1,000 patient-days)
	· Group 2 carbapenem use
15.5 (phase III) vs. 18.7 (phase II) vs. 20.7 (phase I); P=0.028     
·  7.2 (phase III) vs. 6.5 (phase II) vs. 2.7 (phase I); P<0.001        
                           
· 5.77 (3.90–8.15) in Phase III vs. 6.24 (4.99–7.68) in Phase II, and 5.81 (3.87–7.67) in Phase I; 
P =0.68                                                                                                       
· 0.31 (0–0.62) in Phase III vs. 0.20 (0–0.63) in Phase II, and 0.11 (0–0.61) in Phase I; P = 0.22
	Decreased use of carbapenems and increased use of ertapenem without changing clinical outcome

	Li JS, 2013
	· Total consumption of all antibiotics, AUD/DDD per 1,000 patient-days        

·  Total consumption of each type of antibiotic
	· 480 vs. 727 AUD/DDD per 1,000 patient-days  (P<0.001)

· Piperacillin/tazobactam: 8.01 vs. 15.01 
Gentamicin: 32.17 vs. 55.94 
	ASP using comprehensive electrical medical record led to reduction in antimicrobial consumption 

	Kim 2013
	· Antimicrobial consumption, AUD/DDD per 1,000 patient-days, mean monthly
	· 652.47 +- 20.77 (2011) vs. 749.95+- 23.22 (2006) AUD/DDD per 1,000 patient-days
	ASP resulted in reduction in overall antimicrobial consumption 

	Ikeda, 2012
	· Carbapenem consumption, AUD/DDD per 100 patient-days

· All antimicrobial consumption, AUD/DDD per 100 patient-days

· Cost change in all antimicrobial use 
	· 0.75 vs. 2.62 vs. 3.84 AUD/DDD per 100 patient-days

· 21.14 vs. 21.03 vs. 20.39 AUD/DDD per 100 patient-days

· 2.73 vs. 3.42 vs. 3.49 million dollars（21.7% reduction; $757,470)
	ASP resulted in reduction in carbapenem use and reduced overall costs, however overall antimicrobial consumption was stable.  

	Chan, 2011
	· Gradient of AUD/DDD per 1,000 patient-days of broad spectrum antimicrobials (amikacin, fluoroquinolones, carbapenem, glycopeptide, and 3rd and 4th generation cephalosporin [GC])                                                     


· Incidence of CDI                                            
· Incidence of ESBL                                              
· Incidence of MRSA                                    
· Incidence of MDR Acinetobacter    

· Overall healthcare-associated infection rate (%)

· Overall inpatient mortality rate (%)
	· Amikacin −0.1137 vs. −0.1433; P<0.001
  Fluoroquinolones 0.0567 vs. 0.2937; P<0.001
  Carbapenems 0.3904 vs. −0.1450; P<0.001
  Glycopeptides 0.1794 vs. 0.2780; P<0.001  
  3rd and 4th generation GC 0.8632 vs. 1.4668; 
  P<0.001
· Incidence of CDI unchanged
· Incidence of ESBL increased
· Incidence of MRSA decreased
· Incidence of MDR Acinetobacter increased
  (Incidence were only provided in figure) 
· 0.41 vs. 0.49 (%) 
 (no numerator and denominator available)
· 3.23 vs.3.45 (%) 
(no numerator and denominator available)
	Gradient of broad-spectrum antimicrobial use decreased by ASP, but overall antimicrobial use was increased. 

Overall healthcare-associated infection rate and mortality were unchanged or slightly decreased 

	Buising, 2008 
	· Gradient of antimicrobial consumption









· Antimicrobial resistance                                    
·  Patterns of local bacteria     

                       
·  Mortality (%) for Gram-negative bacteremia (2006 vs. 2003)
·  LOS, days (range) for Gram-negative bacteremia (2006 vs. 2003)
 
	· Cephalosporins (3rd and 4th generation)
    -0.39 vs. -0.05 vs. + 0.52; P=0.01
· Glycopeptides -0.53 vs. +0.27 vs. NA; P=0.09
· Carbapenems  -0.24 vs. +0.12 vs. NA; P=0.21
· Quinolones +0.11 vs. +0.76 vs. NA; P=0.08
· Aminoglycosides -0.27 vs. +0.15 vs. NA; P=0.01
· Extended-spectrum penicillins +1.16. vs. +0.16 vs. NA; P=0.01

· A trend towards increased susceptibility of S. aureus to methicillin and increasing susceptibility of Pseudomonas spp. to both carbapenems and aminoglycosides (data only in figures)

· 8.5 vs. 11.6 (%)

· 13 (1-112) vs. 12 (1-62) 
	ASP led to changes in antimicrobial usage

	Kim, 2008
	· Changes in antimicrobial use, AUD/DDD per 1,000 patient-days  



· Proportion in ESBL-producing K. pneumoniae isolates

· Other antimicrobial resistance
	· 3rd generation cephalosporin: 115.1 in Phase III vs. 84.9 in Phase II vs. 103.2 in Phase I AUD/DDD per 1,000 patient-days                                                                                                
Carbapenems: 20.6 vs. 18.2 vs. 14.5 
Piperacillin/tazobactam: 7.6 vs. 11.1 vs. 6.4 
·  20.6% (97/470) in Phase III vs. 32.0% (188/587) in Phase II, vs. 8.1% (47/578) in Phase I; 
P < 0.05 
· Proportion of imipenem-resistant Pseudomonas aeruginosa increased in Phase II and then declined in Phase III
Acinetobacter baumannii decreased in phase III but did not change significantly between Phase I and Phase II. 
	Restriction of 3rd generation cephalosporin resulted in increased use of carbapenem and piperacillin/tazobactam, ESBL-K. pneumoniae was increased but incidence of other highly resistant pathogens were decreased. 

	Chang, 2008 
	· Clinical outcomes                                                








· Parenteral antimicrobial consumption, AUD/DDD per 100 patient-days.               

· Bacterial susceptibilities
	· LOS (days) 6.3 ± 7.4 vs. 6.2 ± 7.0; P= 0.47
  Intensive care received during hospitalization 
  497(9.8%) vs. 465(9.2%); P=0.29
  Re-hospitalization rates (within 30 days) 491   
  (9.7%) vs. 528 (10.5%); P=0.21
  Nosocomial infection 218 (2.8%) vs. 203 (2.7%); 
  P=0.63
  Mortality rates 80 (1.6%) vs. 81 (1.6%); P= 0.93                                                          

· Overall antimicrobial use 61.8 vs.71.2 AUD/DDD per 100 patient-days.               
                      
· Susceptibilities of Pseudomonas aeruginosa to amikacin (100% vs. 82.1%)
   Susceptibilities of Pseudomonas aeruginosa to
   ciprofloxacin (79.4% vs. 53.8%) 
   Susceptibilities of Serratia spp. to ciprofloxacin
   (71.4% vs. 18.2%),
	ASP resulted in decrease in overall antimicrobial use and improvement of antimicrobial susceptibilities in selected pathogens without changing clinical outcome. 

	Education (n=7)

	Song YJ, 2015
	· Average, monthly number of patients receiving unnecessary dual antimicrobial coverage (DAC) 

·  Proportion of patients receiving unnecessary DAC after 3 days/patients with DAC at screening:

	· 17.5 vs. 34.7 (reduction in proportion 49.5%); 
P =0.02                                                                                     

· 48.3% vs. 77.4%; P=0.002 
	ASP led to reducing unnecessary dual antimicrobial coverage. 

	Chaves NJ, 2014
	· Clear documentation of the start date, planned stop date or review date and the indication for antimicrobial use
· Allergy documented (per medication record) 

· Antibiotic concordance with the Australian Therapeutic Guidelines                                   
· Total of three ‘minimum standards documentation of start date, review date, and indication
	· Start date: 444 (90%) vs. 221(72%); P <0.001
   Stop or review date 310 (63%) vs. 50 (16%)
   ; P <0.001
· 251 (n=272; 92%) vs.160 (n=177; 90%); P=NS 

· 439(89%) vs. 225(74%); P<0.001

· 306 (62%) vs. 41(13%); P <0.001
	A systematic approach using multifaceted intervention improved antimicrobial prescribing practice.

	Lin YS, 2013
	· Cost, USD per 1,000 patient-days
· Consumption, AUD/DDD per 1,000 patient-days                              











· The percentage of antimicrobial agents in total drug costs                                               
· Length of stay, days                           
                     
· Patient mortality, per 100 admission  
                        
· Incidence of health-care associated infections (HAIs), cases per 1,000 patient-days 
· Prevalence of health care-associated drug resistant organisms (HA-DROs).                                 
Target HA-DROs are namely oxacillin-resistant Staphylococcus aureus, ESBL-E. coli, pan-drug-resistant Acinetobacter baumannii, 

	· $12,146 vs. $21,464 (43.4% reduction)  
· Total antibiotic usage 717.5 vs. 906.7 AUD/DDD per 1,000 patient-days                                           Aminoglycoside 28 vs. 55; P<0.001 
All cephalosporins 223 vs. 301; P<0.06 
Penicillins 217 vs. 304; P=0.07
   Aminopenicillins 117 vs.169; P=0.05
   Carbapenems 21.4 vs. 34.7; P=.24     
   Piperacillin/tazobactam 37.0 vs. 29.0; P=0.85 
   Fluoroquinolones 87.6 vs. 79.7; P=0.46
4th generation cephalosporins 26.0 vs.16.0; P=0.15  

· 58.5 vs. 66.7 (insignificant)   

· Between 10.6 and 12.2 days.
(No details provided)    
· Between 2.6 and 3.9 per 100 admissions
  (No details provided) 
· 1.3 vs. 1.9 cases per 1,000 patient-days; P=0.29
                                                                                                                                                                       
· Between 15 and 24 cases semiannually 
  (No details provided)
	The multidisciplinary ASP was beneficial to reduce antibiotic cost and consumption.

	Shi Q, 2013
	· Proportion of appropriate cefepime dose and duration     
· Proportion of obtaining culture prior to administration of cefepime 
· Proportion of liver/renal function monitoring after cefepime use 

	· 100/111 (90.09%) vs. 70/96 (72.92%); P<0.05

·  Drug susceptibility performed: 98/111 (88.29%) vs.60/96 (65.22%); P<0.05
· Liver function monitoring 101/111 (90.99%) vs. 75/96 (78.12%); P<0.005
· Renal function monitoring 107/111 (96.40%) vs. 72/96 (75.00%); P<0.05
	Cefepime can be safely used under drug using evaluation system. 

	Ikai H, 2012
	· Antimicrobial choice (%)

· LOS

· Diagnostic test interpretation
· Medical cost
	· Cases treated with anti-pseudomonal antibiotics 5 (11.4) vs. 4 (8.9) vs. 12 (66.7) (P < 0.001)                                                                               
· 13 (8–23) vs.15 (8–30 or over) vs.16.5 (8–30 or over)                                           
· Noted Gram stain results: 10 (22.7) vs. 3 (6.7) vs. 0 (0)  (P = 0.01)
  Sputum culture: 37(84.1) vs. 29 (64.4) vs. 11  
  (61.1); P = 0.24
  Blood culture, n (%) 42(95.5) vs. 29 (64.4) vs. 4  
  (22.2); P < 0.0001*
  Smear for acid-fast stain, n (%) 12 (22.3) vs.12   
  (26.7) vs.2 (11.1); P = 0.41
  Medical cost per diem (JPY) [95% CI] 31,445 [25, 340–37,550] vs. 29,181 [24,312–34,050] vs. 31,073 [22,942–39,204]; P = 0.89 
	A multifaceted educational intervention to residents led to improving appropriate antimicrobial treatment for patients with community acquired pneumonia 

	Miyawaki K, 2010
	· Annual antimicrobial cost (1,000 JPY)


·  Antimicrobial consumption, AUD/DDD per 1,000 patient-days 


· MRSA incidence (case/number of hospitalization: %)
	· 262,528 vs. 290,596 (1,000 JPY) 
(9.7% reduction)
· Overall: 61.5 vs. 73.4 AUD/DDD per 1,000 patient-days (19.3% reduction)
   4th generation cephalosporin: 9.3 vs. 13.0
   carbapenems: 12.2 vs. 17.7 (31% reduction) 

· 0.68 vs. 0.92 (%)
	ASP program led to reduction in antimicrobial consumption and costs without increasing MRSA incidence.

	Apisarnthanarak A, 2006
	· Antimicrobial prescription (per 100 admission)
· Incidence of inappropriate antimicrobial use (%)
· Cost   
                                                  
· Incidence of resistant pathogens
	· 400 vs. 640 per 100 admission 
  (24% reduction); P =0.001         
· 566 (20%) vs.1808 (42%); P=0.001                               
· $52,219 vs. $84,450 ($32,231 reduction); 
P =0.001
· MRSA 33.5% vs. 48%; P=0.001                                                                                                     
   ESBL-producing E. coli 33% vs. 21%; P=0.001
   ESBL-producing K. pneumoniae 20% vs. 30%;    
   P=0.001
   Third-generation cephalosporin–resistant   
   Acinetobacter baumanii 19% vs. 27%; P=0.001
	Education and an antibiotic-control program constituted an effective and cost-saving strategy to optimize antibiotic use in a tertiary care center in Thailand.

	Guideline or policy implementation (n=5)

	Guo W, 2015
	· Antimicrobial consumption in restricted agents, average use
(AUD/DDD per 1,000 patient-days)












· Incidence of multidrug-resistant organisms, resistance rate (%)
	· Ciprofloxacin: 2.53 (0.92-7.43) 
Gradient -0.54 (0.69 to 0.40); P< 0.001
Levofloxacin: 20.50 (12.26-23.45) 
Gradient -0.53 (0.99 to 0.06); P<0.028   
Cefepime: average use 3.02 (0.47-25.06)
Gradient -2.57 (3.39 to 1.76); P <0.001
Ceftazidime: 17.81 (11.65-21.39), 
Gradient -0.94 (1.43 to 0.45); P=0.001 Cefoperazone/sulbactam: 12.75 (6.05-17.41)
Gradient -0.65 (0.92 to 0.36); P<0.001                                                                                      Piperacillin/tazobactam: 48.44 (1.81-141.80)
Gradient -11.29 (13.70 to 8.87); P <0.001                                                                                                      Gentamicin: 0.34 (0.24-0.44), 
Gradient 0.03 (0.04 to 0.01); P=0.001            

· Ceftazidime-resistant A. baumannii: 71.4 (29.2-81.1), Gradient- 3.60 (4.76 to 2.44); P < 0.001                                                                                                  Ceftazidime-resistant P. aeruginosa: 26.1 (20.3-30.4) Gradient- 0.90 (1.38 to 0.42); P< 0.001                                                                                                 Ciprofloxacin-resistant P. aeruginosa: 27.6 (21.2-35.4) Gradient- 0.92 ( 1.42 to  0.41); P< 0.001
Imipenem-resistant K pneumonia: 12.5 (6.6-19.3) Gradient +12.5 (6.55-19.3); P<0.001
Imipenem-resistant A baumannii: 56.8 (51.3-66.2) Gradient 0.40 (0.28 to 1.08); P=0.234
Imipenem-resistant P aeruginosa 27.7 (21.2-33.3) Gradient 0.11 (0.47 to 0.69); P=0.690
	Nationwide antimicrobial stewardship campaigns launched in 2011 led to reduction in restricted antimicrobial use without negative impact on the emergence of Gram-negative bacteria.


	Zou YM, 2015
	· Antimicrobial consumption, AUD/DDD per 100 patient-days



· Antimicrobial resistance focusing on five most commonly isolated pathogens including E. coli, A. baumannii, S.aureus, P. aeruginosa, and K. pneumoniae
	· Overall antimicrobials: 28.08 (2013) vs. 66.54 AUD/DDD per 100 patient-days (2009) (in each antimicrobials, aminoglycoside and fluoroquinolones were decreased among broad spectrum antimicrobials)
· Decreased resistance rates of P. aeruginosa to meropenem, imipenem, and aztreonam.
P. aeruginosa to meropenem decreased by 5.46 % every year, to imipenem decreased by 4.10 %, and to aztreonam decreased by 2.71 %.
Correlation between resistance rate of P. aeruginosa to imipenem and carbapenems usage (β=34.94, P<0.001), 
Correlation between resistance rate of P. aeruginosa to meropenem and antipseudomonal third-generation cephalosporins usage (β=32.76, P<0.01) 
Correlation between resistance rate of K. pneumoniae and amikacin usage (β=22.01, P<0.001).
	National policy had an impact on decreasing antimicrobial usage. 
Decreased antibacterial use was correlated with improved bacterial resistance

	Zou X, 2014
	· AUD/DDD per 100 inpatient-days      

· Percentage of antimicrobial use in inpatient cases (%)

	· 26.54 vs. 39.37 AUD/DDD per 100 inpatient-days
; P<0.001      
                                      
· 60.10 vs. 64.85%; P=0.11
	National plan is associated with improving rational use of antimicrobial agents. 

	Hadi U, 2008
	· Amount of antibiotics used, AUD/DDD per 100 patient-days
· Percentage of appropriate prescriptions and of prescriptions without indication as assessed by independent reviewers (%)                                
· Percentage of treatments in accordance with guidelines (%)                                                     
· Percentage of patients in whom blood cultures were taken before starting antimicrobial therapy (%)                                        
· Percentage of treatments appropriately stopped on re-evaluation of the patients at 72 hours (%)                                                                     
· Mortality (%)
	· 73.0 vs. 99.8 AUD/DDD per 100 patient-days

· 26 ⁄ 103 (25%) vs. 7 ⁄ 43 (16%)


· 255 ⁄ 289 (88%) vs. 184 ⁄ 212 (87%) 

· 6235 ⁄ 289 (81%) vs. 6 ⁄ 212 (3%) 


· 0/289(0%) vs. 0/212(0%)

· 18 ⁄ 289 (6.2%) vs. 14 ⁄ 212 (6.6%) 
	A multifaceted intervention of ASP had limited success. 

	Ng CK, 2008 
	· Antimicrobial consumption, AUD/DDD per 1,000 patient-days


· Mortality (infectious diseases related)                                                    
· LOS, days, mean, (SD)      
· Cost (USD)                                                     
	· 1410 (1300–1493) vs.1507 (1476–1579) AUD/DDD per 1,000 patient-days; P<0.001


· 3.2% vs. 3.1%; P=0.28                                                                                                       
· 6.97 (9.87) vs.7.46 (10.52); P<0.001
· 1485592.7 vs. 1104693.6 USD
	National policy had an impact on decreasing antimicrobial usage, 
Decreased antibacterial use were correlated with improved bacterial resistance

	Syndrome specific intervention (n=3)

	Maeda M, 2016
	· A 30-day mortality, (%)
· Length of stay, days, (range)
· Proportion of inappropriate therapy (%)
	· 35 (10.8%) vs. 34 (11.0%); P= 0.924
· 24 (13-48) vs. 28 (15-44); P= 0.174
· 37 (11.4%) vs. 57 (18.5%); P= 0.012
	Interventions by antimicrobial stewardship team decreased the use of inappropriate therapy. 

	Tan A, 2013
	· Antimicrobial usage in the end of life 
	· 178 (24.9%) vs. 307 (44.9%); P <0.001
	Interventions for patients with palliative care condition led to reduction in antimicrobial usage. 

	Apisarnthanarak A, 2007
	· Cost of hospitalization (USD)
· Cost of antibiotics for treatment of VAP (USD)

	· 2,378 vs. 2,622 vs. 4,769 USD; P = 0.001 
· 254vs. 293 vs. 466 USD; P = 0.001
	A focused education intervention resulted in reduction in the duration of hospital stay, cost of antibiotic therapy, and cost of hospitalization


	Optimizing dosing (n=2)

	Masuda N, 2015
	· Proportion of therapeutic range of vancomycin (%)                                               
· Proportion of nephrotoxicity (%)
	· Achievement of vancomycin concentration between 10-20: 62.7% vs. 41.7%; P<0.001
· Reduced nephrotoxicity by pharmacist intervention (OR 0.55; 95%CI 0.19-1.59)
	Pharmacist interventions on vancomycin therapeutic drug monitoring optimize vancomycin therapy. 

	Sime FB, 2015
	· PK/PD target of 100%ft >MIC in therapeutic drug monitoring (TDM)  


· Duration of fever, days, median (range) 
· Contribution of the antibiotic to the time to recovery from neutropenia, days (range)
	· Achievement of >100% of FT> MIC in 2nd TDM:(11/16; 69%) vs. (3/16; 19%); P=0.001                                                                                                                 Achievement of  >100% of FT> MIC in 3rd TDM: (11/15; 73%) vs. (1/15; 7%); P=0.004                   
· 2 days (1-4) vs. 2 days (1-3)      
· 6 days (4-13) vs. 6 days (3-8) 
	Conventional doses of piperacillin/tazobactam may not offer adequate dosage. TDM may be needed to optimize dosing for piperacillin/tazobactam



	Rapid diagnostic testing (n=2)

	Taniguchi T, 2015
	· Proportion of broad-spectrum antimicrobials as an empiric therapy, (%)                                  
· Effectiveness of the proportion of effective antimicrobial choice for initial therapy, (%).
· Antimicrobial cost (JPY)
	· 10/208 (9.3%) vs. 93/208 (44.7%); P<0.001                                                                                                             

· 186/208(89.4%) vs. 191/208(91.8%); P=0.21   

· 5,409,051 vs. 12,894,159 JP
 (reduction in proportion of 58%)
	Gram stain based therapy reduced the overuse of broad-spectrum antimicrobial therapy. 

	Davies J, 2012
	· Proportion of receiving appropriate antimicrobials for MRSA bacteremia, (%)
· Proportion of appropriately stopping vancomycin, (%)
	· 11/11 (100%) in GeneXpert vs. 5/11(46%) in Gram stain 
· 24/151 (16%) stopped vancomycin.
	GeneXpert use improved earlier appropriate antimicrobial therapy in patients with MRSA bacteremia 

	Computerized clinical decision support system (n=2)

	Yong MK, 2010 
	Antimicrobial susceptibilities: Change from pre-intervention trend, mean % change/year (95% CI; P value)

· Antimicrobial consumption in the ICU
	· P. aeruginosa to imipenem 18.3 %/year
(4.9–31.6; P=0.009) 
P. aeruginosa to gentamicin 11.6 %/year 
(1.8–21.5; P=0.02) 
Inducible Enterobacteriaceae to gentamicin 6.5 %/year  (2.7 to 10.2; P=0.002) 
   Inducible Enterobacteriaceae to ciprofloxacin 
   3.5 %/year (1.3 to 5.7; P=0.003) 
   Antimicrobial usage was stable through the 
   study periods (only provided in figure) 
	Intervention aimed at reducing broad-spectrum antimicrobials led to improvement of antimicrobial susceptibility of ICU Gram-negative isolates including Pseudomonas.


	Sintchenko V, 2005
	· Mortality (mean, SD), (%)
· Lengths of stay, SD (days)                                
· Antimicrobial consumption (AUD/DDD per 1,000 patient-days)
	· 13.2% ± 4.9% vs.11.5% ± 2.7%; P=NS
· 6.22 ± 0.99 vs. 7.15 ± 0.29; P=0.02 
· Overall 1,606 vs. 1,925 (16.6% reduction); P=0.04
· Carbapenem 129 vs.138 (6.9% reduction) 
	Computerized support system led to length of stay and antimicrobial consumption at ICU. 






Appendix 4. Forest plot of impact of antimicrobial stewardship program on overall antimicrobial consumption % 
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ES (95% CI) 
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Appendix 5. Forest plot of impact of antimicrobial stewardship program on carbapenem antimicrobial consumption % 


Weight 
ES (95% CI)
Author, year
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