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Abbreviations
CIED: cardiovascular implantable electronic device
CRT: cardiac resynchronization therapy
HFpEF: heart failure with preserved left ventricular ejection fraction
HFrEF: heart failure with reduced left ventricular ejection fraction
HIV: human immunodeficiency virus 
ICD: Implantable Cardioverter-Defibrillator
LVEF: left ventricular ejection fraction
ZSFG: San Francisco General Hospital

Objective

Hypothesis
The presence of an implantable cardioverter-defibrillator diagnosed with heart failure at an urban safety-net hospital (ZSFG) between 2001 and 2019 is associated with decreased hospitalization and mortality for heart failure

Specific Aims:
1) To estimate the incidence of ICD implementation among individuals with a diagnosis of heart failure at Zuckerberg San Francisco General Hospital between 2001 and 2019 with a reduced LVEF of 35% or less
2) To assess whether the presence of ICD is associated with a composite outcome of hospitalization and mortality due to heart failure at 1 year and during study period.
a. To assess whether the presence of ICD is associated with:
i. Mortality rate due to heart failure at 1 year and during study period;
ii. All-cause mortality rate at 1 year and during study period;
iii. Hospitalization rate due to heart failure at 30 days and 1 year;
iv. All-cause hospitalization rate at 30 days and 1 year 

Significance
An estimated 6.2 million adults in the United States live with heart failure.1 Individuals with heart failure have a high risk of hospital readmission2 and mortality, with a median survival rate of 5 years after initial diagnosis.3 Evidence-based treatments, including goal-directed medical therapy and cardiovascular implantable electronic devices (CIED) like implantable cardioverter-defibrillators (ICD), have reduced rates of both hospital readmission and mortality due to heart failure.4 
Individuals with heart failure with reduced ejection fraction (HFrEF) have a higher risk of malignant ventricular arrhythmias like ventricular tachycardia that then lead to sudden cardiac death5. ICDs reduce the risk of sudden cardiac death in individuals with heart failure as primary prevention among individuals with no history of sudden cardiac death6. ICDs are associated with decreased all-cause and cardiovascular mortality at 1 year and 5 year in individuals living with heart failure.7 Other indications for ICD include secondary prevention of sudden cardiac death among individuals with a history of ventricular fibrillation, tachycardia, or sudden cardiac death.8 
The indications for an ICD in HFrEF include a left ventricle ejection fraction (LVEF) of 35% or less, classification of symptoms as New York Heart Association Class II or III, and a life expectancy of 1 year or more9. In contrast, the indications for other CIEDs like cardiac resynchronization therapy (CRT), which includes both CRT-pacemaker (CRT-P) and CRT-defibrillator (CRT-D), include reduced LVEF and prolonged QRS.10,11 Prior studies have examined outcomes after ICD placement in individuals with heart failure within specific populations including Medicaid recipients12 and VA patients13. Other studies have focused on the etiology of heart failure, suggesting that the benefit in survival is only in patients with ischemic rather than non-ischemic cardiomyopathy; subsequent meta-analyses have suggested that regardless of etiology, ICD is associated with improved survival.14–16 
Beyond these large randomized controlled trials and retrospective cohort studies, few studies have focused on implantable cardiac defibrillator implantation among patients in safety net urban hospitals. Only one prior study by Lu et al 2018 investigated the rate of implantable cardiac defibrillator implantation among individuals with reduced LVEF in an underserved population in the Bronx, New York City; they found that only 25% of eligible individuals received an ICD over two years.17 In this retrospective cohort study, we propose to describe the rate of ICD implantation and association with mortality as well as hospitalization due to heart failure in individuals diagnosed with heart failure at a public safety net hospital in San Francisco.

Methods

Study Design
	This is a retrospective cohort study of individuals ages 18 years and older with a diagnosis of heart failure at ZSFG between 2001 and 2019 (n = 15,522). Additional covariables of interest including echocardiogram and EKG data will be extracted in addition to the existing cohort.

Ethical considerations
This study has been improved by the UCSF IRB Board in 2020. Given that this is a retrospective cohort study, informed consent was not necessary for participants.

Study Subjects
The target population is individuals who are diagnosed with heart failure and receive care at urban safety net hospitals. The study population is individuals who were diagnosed with heart failure and received care at ZSFG between 2001 and 2019. The inclusion criteria include adults aged 18 year and older and diagnosis of heart failure using ICD 9 or 10 code. 

Measurements
The primary predictor variable is the presence of implantable cardioverter-defibrillator as measured by International Classification of Diseases 9/10 code. Additional predictor variables include: HIV status including viral load and CD4 count; ever use of methamphetamine or cocaine as defined by self-report and positive urine toxicology screen at time nearest to index hospital readmission; prescription of goal-directed medical therapy including angiotensin-converting enzyme inhibitors (ACEi), angiotensin II receptor blockers (ARBs), angiotensin II receptor blocker neprilysin inhibitor (ARNI), diuretics, or aldosterone antagonists. Only individuals who received ICD for primary prevention of sudden cardiac death in heart failure were included in contrast to other indications including secondary prevention after prior ventricular tachycardia, ventricular fibrillation, or resuscitated sudden cardiac death. Hospitalizations due to heart failure were defined as a primary ICD9 or ICD10 diagnosis of heart failure.  
The primary outcome variable is a composite outcome of hospitalization and mortality due to heart failure at 1 year and during the study period. The secondary outcomes include mortality rate due to heart failure or all-cause mortality of re-hospitalization due to heart failure and mortality rate due to heart failure at 1 year. Secondary outcomes include hospitalization rate and all-case hospitalization rate at 30 days and 1 year. 

Statistical Analysis
The appropriate statistical test in primary analysis is a chi-squared test because both the predictor variable (presence of implantable cardioverter-defibrillator) is dichotomous, while the primary outcome variable (composite outcome of hospitalization and mortality due to heart failure at 1 year and then over the study period) is continuous. Ultimately, I plan to also do multiple logistic regression using several predictor variables and the composite outcome.

Sample Size and Power
The null hypothesis is that among individuals diagnosed with ZSFG for heart failure, there is no association between the presence of an ICD and composite outcome of hospitalization and mortality due to heart failure at 1 year. We will use a two-sided alpha of 0.05 and beta of 0.20. The measure of association is relative risk (risk ratio). The proportion of individuals with a defibrillator is 0.01; the proportion without a defibrillator is 0.99. The total sample size with continuity correction is 51,582 individuals with N1 = 516 individuals with an ICD and N0 = 51,066 individuals without an ICD. The expected risk of mortality at 1 year among individuals without a defibrillator is 0.139. The expected risk of mortality at 1 year among individuals with a defibrillator is 0.977. Hence, the estimated effect size is 0.048. These are based on population studies in the UK18 and Switzerland,19 
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