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• We use a LOT of antibiotics  

• We use them variably 

 

• But … so what? 

So What? 





Impact of Antibiotic Resistance 

 

Each Year in the US: 
 

• > 2 million serious infections with antibiotic-resistant bacteria  

 

• > 23,000 die as a direct result of antibiotic-resistant infections 

 

• 250,000 hospitalizations for C. difficile infections; >14,000 deaths 

 

• $20 billion direct healthcare costs (2008) 

 

• Many of these infections could have been prevented 



Core Actions to Combat Resistance 

• preventing infections and preventing the spread of 

resistance  

• tracking resistant bacteria  

• improving the use of today’s antibiotics  

• promoting the development of new antibiotics and 

developing new diagnostic tests for resistant bacteria  

 

Bacteria will inevitably find ways of resisting the antibiotics 

we develop, which is why aggressive action is needed to 

keep new resistance from developing and prevent the 

resistance that already exists from spreading 



Antibiotic use is the most 

important factor leading to 

antibiotic resistance 



• 5%–25% diarrhea 

 

• 1 in 1000 visit emergency department for 
adverse effect of antibiotic 

– comparable to insulin, warfarin, and digoxin 

 

• 1 in 4000 chance that an antibiotic will 
prevent serious complication from URI 

 
      Shehab N. CID 2008:47; Linder JA. CID 2008:47 

Resistance Aside 





• Mice fed sub-therapeutic doses of antibiotics 

exhibited: 

– taxonomic changes of microbiome 

– changes in copies of key genes involved in 

metabolism of carbohydrates to short-chain fatty 

acids 

– alterations in hepatic metabolism of lipids and 

cholesterol 

– increased adiposity 

Cho I et al. Nature 2012 

Antibiotics and Obesity 







Proportion of subjects 

developing IBD according 

to age and anti-anaerobic 

antibiotic exposure status  

Kronman MP et al. Pediatrics 2012;130 

Antibiotics and IBD 





• Antibiotic use is both frequent and variable 

 

• There is a downside to antibiotic use 
– antibiotic resistance 

– patient-specific adverse drug effects 

– disruption of “healthy” flora 

Summary:  Background 
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optimize EPIC interface  

literature review, research, 

national ASP meetings 

Timely and appropriate 

initiation of antibiotics 

Appropriate administration 

& de-escalation of therapy 

Data monitoring 

and transparency 

Improving ASP infrastructure, 

knowledge, and engagement 

Optimize 

antimicrobial 

use 

guideline development 

clinical pathways 

clinical decision support? 

formulary restriction 

clinical pharmacy 

EPIC and PHIS reports 

routine data audits 

CHOP antibiogram 

support of administration 

clinical microbiology lab 

education and outreach 

clinician feedback? 

IV  PO conversion 

outcomes: 

-adherence to guidelines 

-benchmark comparison 

-bug/drug mismatch rate 

-antibiogram shift 

-antimicrobial costs 

  

CHOP ASP:  Driver Diagram 



• 1.5 months 

• 55% received intervention: 
 
 

Optimize regimen 

(32%) 

Stop (10%) 

ASP Advice 

(34%) 

ID consult 

(24%) 

CHOP ASP:  2012 



EMPIRIC TX 
  

   = at or above target 

   = within 15% of Target 

   = >15% from Target 

PATHOGEN TARGETED 
  

DEFINITIVE TX 
  

DURATION of TX 
  

CLABSI: Tx Compliance 



 $139,152.00  

 $547,942.50  

 $21,701.00  
 $5,667.63   $-

 $100,000.00

 $200,000.00
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 $400,000.00
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Pharmacy subgroup including ASP - Supply Chain Cost Revision team FY10 

Cost savings:  $714,463 
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Benchmarking 



Where should we focus stewardship efforts? 
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Variability of Antibiotic Use Across Hospitals, Top Four APR-DRGs 

Each circle represents one hospital. Size of circles corresponds to number of discharges with diagnosis receiving antibiotics. Red lines represent median values. 
Broad-spectrum anti-MRSA coverage: vancomycin, linezolid, tigecycline, daptomycin 
Broad-spectrum anti-pseudomonal coverage: imipenem, meropenem, cefepime, piperacillin, ticarcillin, piperacillin-tazobactam, ticarcillin-clavulanate, ceftazidime 
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• surgical AMP is used to reduce the 

microbial burden of skin colonization 

that may contribute to intraoperative 

contamination = SSI 

• most common Healthcare 

Associated Infection (HAI) 

• SSIs cause harm, prolong 

hospitalizations, can cause 

readmissions, and can increases 

mortality rate 

• Prophylaxis; not treatment 

 

 
When appropriately used, AMP 

reduces SSI rate by 50-70% 

Surgical Antimicrobial Prophylaxis 



I. Clean:  An uninfected operative wound in which no 

inflammation is encountered and the respiratory, alimentary, 

genital, or uninfected urinary tracts are not entered 

 

II. Clean-Contaminated:  Operative wounds in which the 

respiratory, alimentary, genital, or urinary tracts are entered 

under controlled conditions and without unusual contamination  

 

III. Contaminated:  Open, fresh, accidental wounds; 

operations with major breaks in sterile technique or gross 

spillage from GI tract, and incisions in which acute, nonpurulent 

inflammation is encountered 

 

IV. Dirty or Infected: Includes old traumatic wounds with 

retained devitalized tissue and those that involve existing clinical 

infection or perforated viscera 

Surgical Wound Classes 



Goal is to have peak antibiotic 

serum/tissue levels at the time of 

incision.  

Therefore, complete antibiotic infusion 

0 - 60 minutes prior to incision 

 Start 0-60 minutes prior to 

incision for agents with brief 

infusion times 

 Start 60-120 minutes prior to 

incision for vancomycin and 

fluoroquinolones 

Antimicrobial Prophylaxis:  Timing  





Staphylococcus aureus is most common cause of SSI 
 
Cefazolin has activity against most strains of S. 
aureus; therefore, Cefazolin is the empiric choice for 
most procedures 
 
However, Cefazolin may not always be the appropriate 
choice… 

1. procedures involving organs with alternate or 
additional colonizing bacteria (e.g. GI tract) 

2. patients with cephalosporin allergy 
3. patients known to be colonized with resistant 

bacteria 

 

Antimicrobial Choice 



 

1) procedures involving 

organs with alternate or 

additional colonizing 

bacteria 

Surgery Antibiotic Alternative for Penicillin 

and/or Cephalosporin 

allergy 

MRSA 

History of colonization or infection 

Cardiothoracic 

General cefazolin clindamycin vancomycin1 + cefazolin 

High-risk implants 

(pacemaker, ICD, L-

VAD) 

vancomycin + 

cefazolin 

vancomycin + gentamicin vancomycin1+ cefazolin 

Lung transplant targeted therapy2 targeted therapy2 vancomycin1+ targeted therapy2 

Gastrointestinal 

Appendectomy3 ceftriaxone + 

metronidazole 

ciprofloxacin + 

metronidazole 

vancomycin1 + ceftriaxone + 

metronidazole 

Esophageal,  

gastroduodenal, 

jejunal 

cefazolin clindamycin + gentamicin vancomycin1 + cefazolin 

Colorectal3   ceftriaxone and 

metronidazole 

ciprofloxacin + 

metronidazole 

vancomycin1+ ceftriaxone + 

metronidazole 

Liver transplant piperacillin/tazobac

tam 

ciprofloxacin + 

metronidazole 

vancomycin1 + piperacillin/tazobactam 

NEC piperacillin/tazobac

tam 

none vancomycin1 + piperacillin/tazobactam 

Biliary tract 

Open and 

laparoscopic 

procedures 

cefazolin clindamycin + gentamicin vancomycin1+ cefazolin 

 

Head and Neck 

Clean none none none 

With implant cefazolin clindamycin + gentamicin vancomycin1 + cefazolin 

Clean-contaminated cefazolin clindamycin + gentamicin vancomycin1 + cefazolin 

Obstetric or Gynecologic 

Cesarean section cefazolin or 

cefoxitin 

clindamycin + gentamicin vancomycin1 + cefazolin 

Orthopedic 

General cefazolin clindamycin vancomycin1+ cefazolin 

High-risk implants 

(spinal rods, VEPTR) 

vancomycin + 

cefazolin (+/- 

gentamicin) 4 

vancomycin + gentamicin Vancomycin1+ cefazolin 

(+/- gentamicin) 4 

Neurosurgery 

cefazolin vancomycin vancomycin1 + cefazolin 

Urologic 

General cefazolin clindamycin + gentamicin vancomycin1 + cefazolin 

Cystourethroscopy targeted therapy5 targeted therapy5 vancomycin1 + targeted therapy5 

Antimicrobial Selection: 

Using CHOP Guidelines 
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1) procedures involving 

organs with alternate or 

additional colonizing 

bacteria 

2) patients with 

cephalosporin allergy 
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Antimicrobial Selection: 

Using CHOP Guidelines 





Appropriate 
Abx Admin 

97% 

Abx Not 
Administered 

3% 

Orhtopedic Surgery 
n=175 for antibiotics 

Appropriate 
Abx Admin 

100% 

Cardiac Surgery  
n = 48 for antibiotic 

How do we do at CHOP? 



Intra-abdominal Infections 



Intra-abdominal Infections 

Ceftriaxone + metronidazole piperacillin & tazobactam 

community-
acquired 

healthcare-
acquired 

any severity 
mild-

moderate 
SEVERE 

ALT:  ciprofloxacin + metronidazole 
 

intra-abdominal infection 



• antimicrobial tx of established infection should 

be limited to 4–7 days, unless difficult to 

achieve adequate source control 

 

 

 

Intra-abdominal Infections:  duration 



• acute appendicitis without evidence of 

perforation, abscess, or local peritonitis requires 

only prophylactic administration of narrow 

spectrum regimens; treatment should be 

discontinued within 24h 

Intra-abdominal Infections:  prophylaxis 
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Study Setting: CHOP Care Network 

•5 urban, academic 

 

•24 “private” practices 

 urban, suburban, rural 

 >200 clinicians 

 >200,000 patients 

 

 

 

•common EHR 

 
   
  



Case Definitions 

• ICD9 codes for common infections  
– AOM, sinusitis, strep throat, pneumonia 

– (+/- GAS testing, antibiotic use) 

• Excluding: 
– concurrent bacterial infection 

• AOM, SSTI, UTI, lyme, acne, chronic sinusitis, 

mycoplasma, scarlet fever, animal bite, proph, oral 

infections, pertussis, STD, bone/joint 

– complex chronic conditions (Feudtner, Pediatrics 2000) 

– antibiotic allergy 

– visit within prior 3 months with antibiotic 



1,296,517 
Encounters 

51,421 
narrow ABX 

29,635 
broad ABX 

102,102 
antibiotic Rx 

8,204 
prior ABX 

14,298  
ABX allergy 

399,793  
sick visits 

630,502 
office visits 

363,049 
sick visits 

230,709 
preventive 

666,015 
phone, refills 

36,744  
visits w/ CCC 

260,947 
no antibiotics 



Antibiotic Prescribing for Sick Visits 

Excluding:  preventive visits, CCC 

Standardized by:  age, sex, race, Medicaid 



Broad-Spectrum Antibiotics 

• amoxicillin-clavulanate 

• cephalosporins 

• azithromycin* 

 

*not considered broad-spectrum therapy for 

pneumonia 



Broad Antibiotic Prescribing 

Excluding:  preventive visits, CCC, antibiotic allergy, prior antibiotics 

Standardized by:  age, sex, race, Medicaid 

	



Diagnosis rate of AOM 

Excluding:  preventive visits, CCC, prior antibiotics 

Standardized by:  age, sex, race, Medicaid 

	



Diagnosis Rate of Sinusitis 

Excluding:  preventive visits, CCC, prior antibiotics 

Standardized by:  age, sex, race, Medicaid 

	



Summary of Across-Practice Analyses 

• antibiotic prescribing at sick visits varies 

significantly across practice sites 

• broad-spectrum antibiotic prescribing at sick 

visits varies significantly across practice sites 

• the rate of diagnosis of ARTIs varies significantly 

across practice sites 

• adherence to prescribing guidelines for AOM, 

sinusitis, GAS pharyngitis, and pneumonia 

varies significantly across practice sites 

 



Antimicrobial Stewardship 

• Antimicrobial Stewardship Programs 

recommended for hospitals 

• most antibiotic use (and misuse) occurs in the 

outpatient setting 

• is outpatient “stewardship” achievable? 

 



Specific Aim 

• To determine the impact of an outpatient antimicrobial 

stewardship bundle within a pediatric primary care 

network on antibiotic prescribing for common ARTI: 

 

1. Antibiotic prescribing for viral infections 

 

1. Broad-spectrum antibiotic prescribing for conditions 

for which narrow-spectrum antibiotics are indicated 



• Core strategies 

– Prior authorization 

– Prospective audit & feedback 

– Formulary restriction 

• Supplemental Strategies 

– Education 

– Clinical guidelines 

– IV to PO conversion 

– Dose optimization 

– Antimicrobial order forms 

 
 

Antimicrobial Stewardship 



• Core strategies 

– Prior authorization 

– Prospective audit & feedback 

– Formulary restriction 

• Supplemental Strategies 

– Education 

– Clinical guidelines 

– IV to PO conversion 

– Dose optimization 

– Antimicrobial order forms 

 
 

Antimicrobial Stewardship 



Study Design 

• cluster-randomized controlled trial 

• bundled intervention vs. no intervention 

• unit of observation will be the practitioner 

but randomized at practice level 

– natural distribution of physicians 

– avoids intra-practice contamination 



Intervention 

1. guideline development 

2. education 

3. audit and feedback 



Hypotheses 

1. clinicians have incomplete knowledge of the data 

regarding the effectiveness of antibiotics for ARTIs 

 GAS and broad spectrum antibiotics 

 antibiotic activity against pneumococcus 

 prevention of bacterial superinfection 

 role of moraxella and Hflu in disease 

 

2. clinicians might be influenced by presentation of their 

prescribing habits relative to peer benchmarking data  



Study Setting: CHOP Care Network 

•5 urban, academic 

 

•24 non-academic 

practices 

  
 

 

•common EHR 

 
   
  



VIRAL 

common cold 

URI 

acute bronchitis 

tonsillitis 

pharyngitis (non-strep) 

Outcomes 

no antibiotics 

BACTERIAL 

acute sinusitis 

Strep pharyngitis 

pneumonia 

penicillin/amoxicillin 



Randomization 



Intervention:  Timeline 

  12 months of 

audit/feedback 

12 months after 

feedback ends 

20 months 

baseline data 

Site presentation 

Feedback reports 

Over 32 month study period (so far): 

– 185,212 patients 

– 1,435,605 encounters 



* 
* 

* 

* 



Antibiotics for Viral Infection 

Excluding:  preventive visits, CCC, antibiotic allergy, prior antibiotics 

Standardized by:  age, sex, race, Medicaid 



Broad-Spectrum per Sick Visit 

Excluding:  preventive visits, CCC, antibiotic allergy, prior antibiotics 

Standardized by:  age, sex, race, Medicaid 



Broad-Spectrum: 

by condition 

SINUSITIS  

GAS PHARYNGITIS PNEUMONIA 



Summary/Future Directions 

• clinician education coupled with audit & 

feedback significantly improved guideline 

adherence for the treatment of common ARTI 

  

• this was most pronounced for pneumonia 

 

• need to measure outcomes  

 

 



Why did it work? 

Can we do better? 



• semi-structured interviews of 21 clinicians in the 

intervention group 

• 6/21 ignored or did not remember reports 

• 9/15 reported considerable skepticism and distrust 

of auditing data 

• most did not believe that their prescribing behavior 

contributed to antibiotic overuse 

Qualitative Analyses 



“I did not read my audit reports because 

honestly, I didn’t really care. To me, it was 

just another piece of paper. It didn’t impress 

me at all. They [the study team] gave you a 

number describing your behavior but they 

had no deeper understanding of what was 

really going on.” 



• reported frequently confronting parental 

pressure, sometimes acquiescing to: 

– appear competent 

– avoid losing patients to other practices that 

would “give them what they want” 

– provide comfort to anxious parents 

– help with upcoming travel, family celebrations, 

parent work schedules 

 

Qualitative Analyses 



“We have lots of parents who come in and 

they know what they want. They don’t care 

what we have to say. They want the 

antibiotic that they want because they know 

what is wrong with their child.” 



Excluding:  preventive visits, CCC, antibiotic allergy, prior antibiotics 

Standardized by:  age, sex, race, Medicaid 

Broad-Spectrum Prescribing 



• Primary Care Pediatrics 

Bob Grundmeier, Alex Fiks, Mort Wasserman 

• General Pediatrics 

Lou Bell, Ron Keren 

• Pediatric Infectious Diseases 

Theo Zaoutis, Priya Prasad 

• Biostatistics/data management 

  Russell Localio, Lihai Song 

• PeRC Administrator 

Jim Massey 

• Sociology 

Julie Szymczak 

*supported by US Agency for Health Care Research and Quality 

 

 

Study Team 




