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Research question: What is the impact of an antimicrobial prophylaxis guideline on broad spectrum antibiotic use in pediatric patients undergoing cardiac surgery?

Specific aims: To determine the impact of the updated institutional guidelines on antimicrobial stewardship outcomes and assess compliance with the guidelines

Significance
Surgical prophylaxis is a common reason for antibiotic use in the hospital. However, with increasing rates of antimicrobial resistance globally, there has been renewed focus on the judicious use of antimicrobials in all settings. Surgical site infections in cardiac surgery patients lead to major increases in patient morbidity, mortality, and financial cost. Multiple recommendations and studies exist for antimicrobial prophylaxis in surgical procedures, particularly cardiac surgery. A recent study by Hatachi et al found a lower occurrence rate of postoperative bloodstream and surgical site infections among patients treated with broad-spectrum antimicrobials. On the contrary, Nobuaki et al challenged the study authors and readers to re-evaluate the use of broad-spectrum antimicrobials for surgical site prophylaxis with caution. Perioperative antimicrobial prophylaxis should be utilized for the purpose of reducing surgical site infections and not necessarily remote infections, including other nosocomial infection. Without careful evaluation of antimicrobial regimens, excess use of broad-spectrum antimicrobials and increase in potential antibiotic-associated complications may be a consequence. Therefore, guidelines were created for surgical prophylaxis of pediatric cardiac surgery patients at UCSF Benioff Children’s Hospital to standardize perioperative antibiotic prophylaxis and maintain the balance between preventing surgical site infections and minimizing unintended effects of antimicrobial exposure based on compilation of evidence. 
Modifications to antimicrobial prophylaxis guidelines for pediatric cardiac surgery patients at UCSF Benioff Children’s Hospital were made based on local consensus, review of microbiologic isolates in surgical site infection cases, and additional evidence that augmented or did not support previous recommendations. One example includes modifying the recommendations for prophylaxis in patients placed on extracorporeal life support based on recommendations from ELSO Infectious Diseases Task Force and assuring their concordance with updated open chest guidelines. Overall, these modifications were related to antimicrobial regimens, dosing, and duration in the hopes that this will better maintain the balance between use of broad-spectrum antimicrobials and reducing risk of surgical site infections. 

Methods
Study design: This study is a single center retrospective cohort study that analyzes two different periods defined as such: phase 1 (after implementation of original version of antimicrobial prophylaxis guidelines; November 1, 2016 – March 31, 2020) and phase 2 (after implementation of updated version of antimicrobial prophylaxis guidelines; April 1, 2020 – present). 

Study subjects: The target population for this study is any pediatric cardiac surgery patient admitted in a PCICU post-operatively. The accessible population will be pediatric cardiac surgery patients admitted in the PCICU post-operatively at UCSF Benioff Children’s Hospital in San Francisco, CA. Eligible patients are any pediatric (<18 years of age) cardiac surgery patient that was admitted or transferred to the PCICU post-operatively within the following 3-month periods for each phase, respectively: September 1, 2019 – November 30, 2019, and September 1, 2020 – November 20, 2020. These specific three-month periods were selected within each phase to account for the time it may have taken before the original and updated versions of the guidelines were thought to be fully in place.

Measurements: The predictor variable is the study period (phases 1 or 2) to determine which guidelines were used during the patient’s stay in the PCICU. The primary outcome will be use of broad-spectrum antimicrobials. Use of broad-spectrum antimicrobials will be defined as a binary variable. Broad-spectrum antimicrobials include the following agents/combination of agents: vancomycin + cefepime/cefazolin + fluconazole, vancomycin + carbapenem (e.g., meropenem), and vancomycin + piperacillin/tazobactam. Secondary outcomes are primarily antimicrobial stewardship outcomes which include total duration of antimicrobial prophylaxis (per 1000 patient days), impact of discordant antibiotic use on serum creatinine, 30-day discharge rates, length of ICU stay (days), and length of hospital stay (days). The tertiary outcomes are used to evaluate compliance with the guidelines and their effects on the secondary outcomes. Specifically, compliance will be defined as correct drug and duration (+ 24 hours). Desired duration for antimicrobial prophylaxis for each type of cardiac surgery is pre-defined within the guidelines.     

Potential confounder: Patients who are older than 6 months of age at time of admission and admitted for at least 30 days prior to first cardiac surgery and/or post-op transfer to the PCICU may be confounding because they have an increased likelihood of colonization or risk of infection by nosocomial organisms. Patients with nosocomial infections are normally treated with more aggressive antimicrobial regimens, and thus will be on broad-spectrum antimicrobials for longer or will require modified post-operative surgical prophylaxis that deviates from the guidelines. A subgroup analysis of these patients may be warranted depending on the number of patients that fit the description relative to total number of patients included in data analysis.

Statistical issues
Hypotheses: Implementation and adherence to updated antimicrobial prophylaxis guidelines reduces the use of broad-spectrum antimicrobials in pediatric cardiac surgery patients in the PCICU.

Analysis plan: Statistical analyses will be performed by chi-square test to determine statistical significance of broad-spectrum antimicrobial use between phases 1 and 2.  

Sample size estimates: The estimated sample size required to identify a difference of at least 50% in the use of broad-spectrum antimicrobials among phases 1 and 2 is 473 patients to maintain at least 80% power. The sample size estimate was calculated from estimated effect sizes P1 = 0.1 and P2 = 0.05. The estimated effect sizes are based on a previous, unpublished study at this institution that compared the effects of guideline implementation on different antimicrobial stewardship outcomes (e.g., incorrect drug, dose, initiation, and discontinuation). The study found at least a 50% reduction in the number of incorrect drugs, doses, initiations, and discontinuations, with a significant reduction in the number of incorrect discontinuations. The study did not report on the use of broad-spectrum antimicrobials. It is implied that incorrect drug may include the use of broad-spectrum antimicrobials. Only 3.7% of patients after implementation of the original guidelines had incorrect antimicrobials. The effect size, P1, for this study was thus rounded to 0.1 in hopes to see another 50% reduction after implementation of the updated guidelines (thus P2 = 0.05).

Ethical considerations
There is no potential harm to the patients included in this study given the retrospective nature of the study design. Data collected from electronic medical records will be subsequently de-identified for analysis and stored in REDCap. REDCap stores data centrally in a secure MySQL database, is continuously locked, and contains a full audit trail. Only the investigators involved in the collection and analysis of the data will have access to the patient information. 
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