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ABSTRACT (Word Count: 246)
Background: This study evaluated 20-year survival following adult orthotopic heart transplantation (OHT). 

Methods: The United Network of Organ Sharing Registry database was queried to study adult OHT recipients between 1987-1998 with over 20-year posttransplant follow-up. The primary and secondary outcomes were 20-year survival and cause of death following OHT, respectively. Multivariable logistic regression was used to identify significant independent predictors of long-term survival, and long-term survival was compared among cohorts stratified by number of predictors using Kaplan Meier survival analysis. 
Results: 20,658 patients undergoing OHT were included, with median follow-up of 9.0 (IQR 3.2-15.4) years. Kaplan-Meier estimates of 10-, 15-, and 20-year survival were 50.2%, 30.1%, and 17.2%, respectively. Median survival was 10.1 (IQR 3.9-16.9) years. Increasing recipient age (>65 years), increasing donor age (>40 years), increasing recipient BMI (>30), black race, ischemic cardiomyopathy, and longer cold ischemic time (>4 hours) were adversely associated with 20-year survival. Of these 6 negative predictors, presence of 0 risk factors had the greatest 10-year (59.7%) and 20-year survival (26.2%), with decreasing survival with additional negative predictors. The most common cause of death in 20-year survivors was renal, liver, and/or multisystem organ failure whereas graft failure more greatly impacted earlier mortality.

Conclusions: This study identifies six negative preoperative predictors of 20-year survival with 20-year survival rates exceeding 25% in the absence of these factors. These data highlight the potential for very long-term survival following OHT in patients with end-stage heart failure and may be useful for patient selection and prognostication. 

INTRODUCTION

Orthotopic heart transplantation (OHT) remains the gold standard therapy for end-stage heart failure with published median survival of 11 years1. Outcomes following OHT have been previously associated with respective transplanting center volume and performance. Ninety-day performance rates of transplanting centers have been predictive of longer-term survival following OHT, and while transplantation at centers with the highest volumes has not necessarily demonstrated better short-term outcomes, centers with decreasing transplant volume have been linked poorer outcomes2–4. Along with these findings, there are few existing pre-transplant recipient and/or donor features that have been found to have long-term impact on survival. In previous studies, recipient gender, use of prior cardiac assist as a bridge to transplantation, and/or certain donor characteristics such as traumatic brain injury vs other etiology of death have not shown to be influential on mid-term (5-10 year) survival following OHT5–8. However, black race has been shown to have negative association with longer-term survival9. While most of these studies have investigated various preoperative characteristics in the short and moderate term, few have investigated predictors for very long-term (20 year or more) survival. This study aims to investigate pretransplant recipient and donor characteristics of very long-term survivors following OHT and identify significant predictors of 20-year survival, which may aid in future patient selection and prognostication. 
METHODS
Study Population

This was a retrospective, case control analysis that used pooled national data from the United Network for Organ Sharing (UNOS) Registry Standard Analysis and Research database, which contains data on all potential solid organ recipients listed for transplantation within the United States, as well as organ donor data for each transplant. This study included patients aged 18 years or older that underwent orthotopic heart transplantation in the United States between October 1987 and December of 1998. Patients were stratified into groups based on overall survival following transplantation. Those that were lost to follow up prior to 20 years post-transplant were excluded from univariable and multivariable analysis, but included in survival analysis. Patients undergoing simultaneous multi-organ transplant were also excluded. This study was approved by the Institutional Review Board at the University of Pittsburgh.   
Baseline Characteristics and Outcomes

Baseline characteristics including recipient demographics and comorbidities, as well as donor and match-related preoperative factors were compared among survival cohorts. The primary outcome of this study was overall post-transplant survival. The secondary outcome was cause of death following transplantation.
Data Analysis
Continuous data are presented as mean ± standard deviation for Gaussian variables or median [interquartile range (IQR)] for non-gaussian variables and all categorical data as number (percentage). Normally distributed continuous data and categorical data were compared with Pearson’s Chi-squared test or Fischer’s exact test when 25% of available data points had expected values <5. Non-Gaussian distributions were evaluated using Mann-Whitney U test. Multivariable logistic regression (univariate inclusion p<0.05) was used for modeling predictors of 20-year survival. Kaplan-Meier estimates were conducted to compare survival between heart transplant recipient cohorts stratified by number of independent predictors of 20-year survival. 
RESULTS
Baseline Characteristics


A total of 20,658 patients underwent OHT in the United States within the study period. Of these, 2,027 patients were lost to follow-up prior to 20 years following transplant and were excluded from the univariable and multivariable analysis, but were included in our Kaplan-Meier survival analysis. Thus, 18,631 patients were included in the initial analysis. In this cohort, 3,136 (16.8%) patients were found to survive less than 1 year, 2,943 (15.8%) within 1 to 5 years, 3,993 (21.4%) within 5 to 10 years, 5,856 (31.43%) within 10 to 20 years, and 2,703 (14.5%) patients survived over 20 years following transplantation. Table 1 shows comparisons of baseline pretransplant recipient, donor and match-related characteristics and comorbidities among survival cohorts. Patients with over 20- year survival were transplanted at younger age (47.6 ± 10.9 years), had highest proportion of female recipients (23.6%) and non-ischemic dilated cardiomyopathy (49.5%) as heart failure etiology. Furthermore, they were found to have the lowest average BMI at time of transplant (24.8 ± 4.2), lowest serum creatinine level (1.3 ± 1.1 mg/dL), and largest rate of higher education (52.5% with college or advanced degree). 
Univariable and Multivariable Analysis


A total of 18,631 patients with complete and/or 20-year follow up were included in the analysis. Multiple predictors of 20-year survival were identified in univariable logistic regression including female gender, Asian race, congenital cause of heart failure, and hypertrophic cardiomyopathy. Multiple negative predictors of 20-year survival included increasing age, black race, ischemic cardiomyopathy, as well as increasing BMI, donor BMI, and organ ischemia time. In multivariable analysis, significant positive predictors of 20-year survival were increasing year of transplantation (OR 1.03, 95% CI 1.01, 1.05, p=0.008) and heart failure diagnosis of hypertrophic cardiomyopathy (OR 1.77, 95% CI 1.09, 2.87, p=0.020). Negative predictors of long-term survival were black race (OR 0.56, 95% CI 0.46, 0.68, p<0.001), ischemic cardiomyopathy (OR 0.71, 95% CI 0.63, 0.80, p<0.001), and increasing recipient (OR 0.97, 95% CI 0.96, 0.97, p<0.001) and donor age (OR 0.98, 95% CI 0.98, 0.99, p<0.001), increasing recipient BMI (OR 0.97, 95% CI 0.96, 0.99, p<0.001) and increasing organ ischemia time (OR 0.90, 95% CI 0.85, 0.96, p<0.001) (Table 2).. 
Survival Analysis and Cause of Death

Median follow-up was 9.0 (IQR 3.2 to 15.4 years). Overall median survival of OHT recipients within the study period was 10.1 years (IQR 3.9 to 16.9 years) (Figure 1). White patients were found to have increased overall median survival than black patients (10.3 years vs 7.2 years, p<0.001). There were no significant differences in overall survival with regard to cold ischemic time (p=0.436). Patients with heart failure etiology of hypertrophic cardiomyopathy were found to have the greatest overall median survival (14.2 years), followed by non-ischemic dilated cardiomyopathy (11.0 years) and ischemic cardiomyopathy (9.3 years, p<0.001)(Figure 2).

Patients that were free of any of the six previously-described negative risk factors (black race, recipient age >65, recipient BMI >30, donor age >40, diagnosis of ischemic cardiomyopathy, graft cold ischemic time >4 hours) from the multivariable analysis had the highest rates of 10-year (59.7%) and 20-year survival (26.2%). With addition of increasing preoperative risk factors, there were decreasing rates of survival. Patients with 3 or more risk factors had the lowest rates of 10 (38.5%) and 20-year survival (8.7%) (Figure 3).   


Causes of death following OHT are displayed in Table 3. Patient deaths within the first year following transplantation were most commonly due to graft failure (32.8%) and infection (24.6%). Deaths occurring over 20 years following OHT were due to cardiovascular (14.9%), renal and/or liver failure (15.4%), and other reasons that are not specified (29.5%). 
CONCLUSIONS
In this large retrospective analysis of patients undergoing OHT within the United States, we identified the significant negative influence of six preoperative risk factors on odds of achieving long-term survival following transplantation. Furthermore, patients with increasing numbers of these risk factors had incrementally decreased rates of mid-term (10-year) and long-term (20-year) survival. Lastly, Other preoperative factors such as transplanting center volume and gender were not significant predictors of this outcome.
Patients with heart failure etiology of ischemic cardiomyopathy have the worst long-term prognosis following OHT, and worst odds of achieving 20-year survival. Presence of coronary artery disease and prior myocardial infarction is likely a surrogate for poor health status and presence of other peripheral vascular disease and/or other end stage organ dysfunction. Patients with this disease process are more likely to have other predisposing comorbidity that may explain the poorer projected long-term results following transplantation. On the contrary, hypertrophic cardiomyopathy portended the best overall survival and highest odds of 20-year survival. Hypertrophic cardiomyopathy is a typically a genetically linked disorder, unrelated to prior medical comorbidity, and can manifest at any time during the life cycle10. Many diagnoses of obstructive hypertrophic cardiomyopathy are amenable to surgical debulking and ablative therapies with excellent results, and do not result in death, transplantation, or cardiac assist device implantation. In a review of 6,793 patients with hypertrophic cardiomyopathy, 553 (8.1%) patients exhibited left ventricular systolic dysfunction with an even smaller subset of these patients requiring OHT11. Regardless, this predilection towards younger presentation and lack of other associated comorbidities may explain the greatest age-adjusted odds of long-term survival found in this population following OHT. 
Black patients represent a significant portion of the cardiac transplant population, comprising 10.2% of our study cohort. Poorer outcomes in black patients have been described following cardiac procedures such as coronary artery bypass and percutaneous interventions. These disparities are suggested to be in part due to higher medical comorbidity at time of revascularization12–15. Similar to this study’s findings, worse outcomes have been previously described in this population following OHT16,17. A review of 15,244 OHT recipients from have shown higher hazards of graft failure (1.4, 95% CI: 1.2-1.6) in comparison to white recipients, and found higher incidence in risk factors for graft failure such as low education, public insurance, HLA mismatch >5 loci, and medical non-adherence within this population17. Furthermore, Kilic et al found higher unadjusted and risk-adjusted rates of 1-year mortality in black patients following OHT within an even more contemporary cohort of patients within the UNOS database (2000-2010)16. We demonstrate in the current analysis that this disparity in outcomes persists in the very long-term. Like many previous studies of racial disparity in patients undergoing cardiothoracic surgery, our differential racial outcomes may be in part due to preoperative comorbidity at time of transplantation. Perhaps black race itself may not be directly responsible to poorer long-term survival, but may reflect ongoing racial disparities with regards to lifestyle, access to preventative and primary care, and/or management of chronic disease processes. 

 Our analysis did not find the effects of gender a be significant predictors of long-term survival, similar to that of previous report6. Furthermore, sex-mismatch was also insignificant. Ayesta and colleagues found sex-mismatch to be associated with increased 1-year mortality, however, only in male recipients. The study was not able to adequately evaluate the effects of sex-mismatch on long-term survival18. It is possible that this increased 1-year mortality after female-to-male donation can be attributed to a mismatch of cardiac demand by the recipient and graft output, as male donor hearts given to female recipients were not found to significantly increase1-year mortality. These differences in cardiac supply and demand likely manifest within the first year. After 1 year, it is likely these effects of gender-mismatch are likely attenuated, as appropriately sized donor hearts continue to match the demands of the recipient, regardless of gender. 
Multiple prediction models have been developed to predict short-term survival following OHT, albeit with limited success. In a systematic review of 16 separate risk scores, the most commonly utilized predictors within these models were increasing donor age and graft ischemic time19. These findings corroborate our own, as increasing values of these risk factors were both independent negative predictors of 20-year survival. Of the different prediction scores, the Index for mortality prediction after cardiac transplantation (IMPACT) score, derived from UNOS database patients, has been the most validated20. With its goal of 1-year survival prediction, external validation has shown highest overall model discrimination for 3-month survival (C-statistic 0.74-0.76)21,22. Validation of the IMPACT score discrimination at one year has had varying conclusions from the International Society of Heart and Lung Transplantation database and other patient cohorts21,23,24. Given these observations, it would be increasingly difficult to create a reliable prediction model for very long-term (20+ year) survival based solely on preoperative donor and recipient risk factors as the relative contribution of pre-transplant variables to longer term survival would likely dissipate as time from transplant progresses. Nonetheless, the current study does identify several pre-transplant variables that are predictive of very long-term survival following OHT and may therefore be helpful in patient prognostication.  
Study Limitations


This study was prone to several limitations. First, this non-randomized, case-control study design may be subject to selection bias. We did attempt to account for possible confounding of variables by performing multivariable logistic regression. However, it is possible that further unmeasured pre-transplant variables may significantly influence long-term survival following cardiac transplantation. This study was limited to measured preoperative recipient and donor characteristics by the UNOS registry. Lastly, this study was limited by the time period that was studied. In order to review 20-year survival, our analysis included patients transplanted between the years 1987 and 1998. It is likely that significant may exist between this transplant period and the current era with regards to patient selection, surgical technique, and postoperative care. Thus, it is unknown if prior significant risk factors for 20-year survival or lack thereof may been attenuated by the changes in standard care of cardiac transplant patients. 
Final Conclusion
In this large retrospective review of adult OHT recipients in the United States, we identified diagnosis of hypertrophic cardiomyopathy and more recent year of transplantation to be positive predictors of achieving long-term (20+ year) posttransplant survival. Furthermore, we identified six negative predictors (black race, increasing recipient and donor age, increasing recipient BMI, diagnosis of ischemic cardiomyopathy, and increasing graft cold ischemic time) of very long-term survival, with incremental decrease in rates of survival with presence of additional negative predictors. Such findings may help guide in patient prognostication following OHT.  
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Table 1. Comparison of baseline characteristics of heart transplant recipient and donors stratified by survival  
	  
	0 to 1 years
	1 to 5 years
	5 to 10 years
	10 to 20 years
	Greater than 20 years
	p-value

	
	N=3,136
	N=2,943
	N=3,993
	N=5,856
	N=2,703
	

	Recipient
	
	
	
	
	
	

	Recipient Age, mean (SD), years
	52.1 (10.9)
	50.8 (11.3)
	52.9 (10.0)
	52.8 (9.7)
	47.6 (10.9)
	<0.001

	Female, No. (%)
	694 (22.1)
	646 (22.0)
	728 (18.2)
	1,108 (18.9)
	638 (23.6)
	<0.001

	Recipient Race, No. (%)
	
	
	
	
	
	<0.001

	  White
	2,569 (82.2)
	2,311 (79.0)
	3,385 (85.1)
	5,101 (87.3)
	2,330 (86.4)
	

	  Black
	379 (12.1)
	444 (15.2)
	412 (10.4)
	449 (7.7)
	212 (7.9)
	

	  Hispanic
	137 (4.4)
	126 (4.3)
	131 (3.3)
	219 (3.7)
	102 (3.8)
	

	  Asian
	32 (1.0)
	25 (0.9)
	32 (0.8)
	44 (0.8)
	41 (1.5)
	

	  Other
	10 (0.3)
	18 (0.6)
	19 (0.5)
	32 (0.5)
	11 (0.4)
	

	Etiology of Heart Failure, No. (%)
	
	
	
	
	
	<0.001

	  Non-Ischemic Dilated Cardiomyopathy
	1,103 (35.2)
	1,205 (40.9)
	1,398 (35.0)
	2,268 (38.7)
	1,337 (49.5)
	

	  Ischemic Cardiomyopathy
	1,738 (55.4)
	1,532 (52.1)
	2,347 (58.8)
	3,170 (54.1)
	1,083 (40.1)
	

	  Congenital
	68 (2.2)
	33 (1.1)
	35 (0.9)
	52 (0.9)
	61 (2.3)
	

	  Valvular
	115 (3.7)
	79 (2.7)
	110 (2.8)
	216 (3.7)
	110 (4.1)
	

	  Hypertrophic Cardiomyopathy
	27 (0.9)
	20 (0.7)
	16 (0.4)
	20 (0.3)
	39 (1.4)
	

	  Restrictive Cardiomyopathy
	27 (0.9)
	25 (0.8)
	31 (0.8)
	38 (0.6)
	33 (1.2)
	

	  Failed Primary Heart Transplant
	8 (0.3)
	4 (0.1)
	1 (0.0)
	5 (0.1)
	1 (0.0)
	

	  Other
	50 (1.6)
	45 (1.5)
	55 (1.4)
	87 (1.5)
	39 (1.4)
	

	Body Mass Index, mean (SD), kg/m2
	25.2 (4.5)
	25.4 (4.5)
	25.4 (4.3)
	25.4 (4.2)
	24.8 (4.2)
	<0.001

	Recipient ABO, No. (%)
	
	
	
	
	
	0.057



	  A
	1,331 (42.4)
	1,259 (42.8)
	1,796 (45.0)
	2,697 (46.1)
	1,189 (44.0)
	

	  AB
	147 (4.7)
	145 (4.9)
	212 (5.3)
	282 (4.8)
	143 (5.3)
	

	  B
	422 (13.5)
	387 (13.1)
	487 (12.2)
	739 (12.6)
	329 (12.2)
	

	  O
	1,236 (39.4)
	1,152 (39.1)
	1,498 (37.5)
	2,138 (36.5)
	1,042 (38.5)
	

	Diabetes Mellitus, No. (%)
	223 (18.6)
	218 (19.3)
	294 (19.0)
	393 (16.5)
	93 (8.7)
	<0.001

	Serum Bilirubin, mean (SD), mg/dl
	1.70 (4.7)
	1.46 (4.0)
	1.19 (2.7)
	1.34 (3.5)
	1.49 (4.4)
	 0.005

	Serum Creatinine, mean (SD), mg/dL 
	1.58 (1.9)
	1.43 (1.6)
	1.42 (1.5)
	1.34 (1.3)
	1.29 (1.1)
	<0.001

	Recipient Ventilated Prior to Transplant, No. (%)
	185 (5.9)
	56 (1.9)
	94 (2.4)
	116 (2.0)
	49 (1.8)
	<0.001

	Hospitalized Prior to Transplant, No. (%)
	1,988 (63.7)
	1,748 (59.7)
	2,357 (59.3)
	3,394 (58.3)
	1,585 (58.9)
	<0.001

	ECMO at listing, No. (%)
	5 (0.2)
	3 (0.1)
	3 (0.1)
	2 (0.0)
	4 (0.1)
	 0.31

	Pre-Transplant Infection, No. (%)
	167 (5.3)
	112 (3.8)
	152 (3.8)
	204 (3.5)
	83 (3.1)
	<0.001

	Pre-Transplant Dialysis, No. (%)
	40 (3.0)
	14 (1.1)
	17 (1.0)
	26 (1.0)
	14 (1.2)
	<0.001

	Intra-Aortic Balloon Pump, No. (%)
	266 (8.5)
	159 (5.4)
	217 (5.4)
	347 (5.9)
	123 (4.6)
	<0.001

	Pre-Transplant Inotropes, No. (%)
	1,044 (33.3)
	926 (31.5)
	1,291 (32.3)
	1,907 (32.6)
	823 (30.4)
	 0.16

	College or Advanced Degree, No (%)
	410 (47.3)
	345 (41.5)
	465 (41.6)
	798 (45.6)
	421 (53.5)
	<0.001

	Chronic Steroid Exposure, No. (%)
	31 (2.5)
	35 (2.9)
	41 (2.5)
	54 (2.2)
	21 (1.9)
	 0.55

	High Panel Reactive Antibodies (>25%), No. (%)
	175 (6.2)
	109 (4.1)
	152 (4.2)
	205 (3.8)
	104 (4.2)
	<0.001

	Donor 
	
	
	
	
	
	

	Donor Age, mean (SD), years
	31.6 (12.9)
	30.5 (12.3)
	29.7 (12.0)
	29.0 (11.8)
	27.2 (11.0)
	<0.001

	Left Ventricular Ejection Fraction >55%, No. (%)
	3,135 (100.0)
	2,942 (100.0)
	3,993 (100.0)
	5,855 (100.0)
	2,703 (100.0)
	 0.71

	Mechanism of Death, No. (%)
	
	
	
	
	
	<0.001

	  Trauma
	1,170 (37.3)
	1,203 (40.9)
	1,715 (43.0)
	2,534 (43.3)
	1,192 (44.1)
	

	  Cerebrovascular
	1,050 (33.5)
	887 (30.1)
	1,058 (26.5)
	1,532 (26.2)
	669 (24.8)
	

	  Drug Overdose
	31 (1.0)
	26 (0.9)
	30 (0.8)
	61 (1.0)
	24 (0.9)
	

	  Cardiovascular
	38 (1.2)
	30 (1.0)
	41 (1.0)
	45 (0.8)
	18 (0.7)
	

	  Other
	832 (26.5)
	786 (26.7)
	1,134 (28.4)
	1,661 (28.4)
	783 (29.0)
	

	Smoking History, No. (%)
	580 (43.3)
	498 (39.0)
	668 (37.7)
	1,024 (38.3)
	450 (37.3)
	 0.008

	Diabetes Mellitus, No. (%)
	21 (1.6)
	19 (1.5)
	37 (2.1)
	44 (1.6)
	15 (1.2)
	 0.47

	Body Mass Index, mean (SD), kg/m2
	24.77 (4.8)
	24.91 (5.2)
	24.81 (4.8)
	24.57 (4.7)
	24.35 (4.7)
	 0.002

	Recipient-Donor Matching
	
	
	
	
	
	

	Blood Type Matched, No. (%)
	2,698 (86.1)
	2,553 (86.8)
	3,408 (85.3)
	5,040 (86.1)
	2,320 (85.9)
	 0.57

	Donor-Recipient BMI Ratio, mean (SD)
	1.00 (0.2)
	1.00 (0.2)
	0.99 (0.2)
	0.98 (0.2)
	1.00 (0.2)
	 0.029

	Race Matched, No. (%)
	2,147 (68.5)
	1,953 (66.4)
	2,825 (70.7)
	4,276 (73.0)
	1,945 (72.0)
	<0.001

	Cytomegalovirus Status Matched, No. (%)
	41 (61.2)
	39 (55.7)
	52 (57.1)
	89 (58.6)
	31 (52.5)
	 0.89

	HLA Matched (3 or more antigens), No. (%)
	347 (14.0)
	354 (15.0)
	548 (16.9)
	839 (17.6)
	367 (16.8)
	<0.001

	Transplant Related
	
	
	
	
	
	

	Total Waitlist Time, mean (SD), days
	177 (237)
	178 (231)
	177 (231)
	180 (240)
	170 (225)
	 0.51

	Ischemic Time, mean (SD) hours
	2.84 (1.1)
	2.72 (1.0)
	2.70 (1.0)
	2.71 (0.9)
	2.67 (1.0)
	<0.001

	Donor Hospital Distance, mean (SD), nautical miles
	135.0 (202.9)
	129.4 (190.0)
	120.6 (182.7)
	121.8 (183.7)
	126.0 (191.3)
	 0.008

	Transplanting Center Volume, mean (SD), transplants/year
	22.7 (16.1)
	22.0 (14.8)
	22.6 (15.2)
	22.7 (14.7)
	23.0 (14.6)
	 0.13


ECMO: extracorporeal membrane oxygenation
HLA: human leukocyte antigen

Table 2. Multivariable analysis of preoperative predictors for 20 year or more survival following orthotopic heart transplant

	
	Odds Ratio
	95% Confidence Interval
	P Value

	Recipient Age, increasing, years
	0.97
	0.96
	0.97
	<0.001

	Year of Transplantation, increasing, year
	1.03
	1.01
	1.05
	0.008

	Recipient BMI, increasing
	0.97
	0.96
	0.99
	<0.001

	Black Race
	0.56
	0.46
	0.68
	<0.001

	Hypertrophic Cardiomyopathy
	1.77
	1.09
	2.87
	0.020

	Ischemic Cardiomyopathy
	0.71
	0.63
	0.80
	<0.001

	Pre-Transplant Infection
	0.78
	0.61
	1.01
	0.060

	Intra-Aortic Balloon Pump
	0.77
	0.59
	1.01
	0.064

	Pre-Transplant Inotropes
	0.92
	0.815
	1.04
	0.172

	Donor Age, increasing, years
	0.98
	0.98
	0.99
	<0.001

	Ischemic Time, increasing, hours
	0.90
	0.85
	0.96
	<0.001


Table 3. Cause of death following heart transplantation stratified by length of survival

	
	0 to 1 years
	1 to 5 years
	5 to 10 years
	10 to 20 years
	greater than 20 years
	p-value

	
	N=3,136
	N=2,943
	N=3,993
	N=5,856
	N=2,703
	

	Graft Failure
	1,025 (32.8)
	473 (16.4)
	246 (6.8)
	255 (5.3)
	42 (4.2)
	<0.001

	Infection
	767 (24.6)
	325 (11.3)
	334 (9.3)
	404 (8.5)
	99 (9.9)
	

	Cardiovascular
	409 (13.1)
	716 (24.8)
	751 (20.8)
	744 (15.6)
	149 (14.9)
	

	Pulmonary
	128 (4.1)
	102 (3.5)
	149 (4.1)
	248 (5.2)
	66 (6.6)
	

	Cerebrovascular
	129 (4.1)
	79 (2.7)
	113 (3.1)
	164 (3.4)
	46 (4.6)
	

	Hemorrhage
	113 (3.6)
	26 (0.9)
	26 (0.7)
	48 (1.0)
	9 (0.9)
	

	Malignancy
	92 (2.9)
	463 (16.1)
	669 (18.5)
	824 (17.2)
	134 (13.4)
	

	Other Organ Failure
	251 (8.0)
	245 (8.5)
	453 (12.5)
	741 (15.5)
	154 (15.4)
	

	Suicide/Trauma
	12 (0.4)
	42 (1.5)
	46 (1.3)
	44 (0.9)
	5 (0.5)
	

	Other
	197 (6.3)
	412 (14.3)
	823 (22.8)
	1,306 (27.3)
	294 (29.5)
	


FIGURE LEGEND

Figure 1. Overall survival for study cohort following orthotopic heart transplantation

Figure 2. Overall survival following orthotopic heart transplantation stratified by a) black and white race and b) heart failure etiology

Figure 3. Overall survival following orthotopic heart transplantation stratified by number of negative risk factors 
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