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Abstract

Background: Previous studies have demonstrated that children in the United States who were 

of racial and ethnic minorities have inferior waitlist and post-heart transplant (HT) outcomes. 

Whether these disparities still exist in the contemporary era of increased ventricular assist device 

use remains unknown.

Methods: All children (age <18 years) in the Scientific Registry of Transplant Recipients 

database listed for HT from December 2011 to February 2019 were included and were separated 

into 5 races/ethnicities: Caucasian, African American, Hispanic, Asian, and Other. Differences 

in clinical characteristics and survival among children of different racial/ethnic groups were 

compared at listing and at HT.

Results: The waitlist cohort consisted of 2134 (52.2%) Caucasian, 840 (20.5%) African 

American, 808 (19.8%) Hispanic, 161 (3.9%) Asian, and 146 children of Other races (3.6%). 

At listing, Asian children mostly had cardiomyopathy (70.8%), whereas Caucasian children had 

congenital heart disease (58.7%). African American children were most likely to be listed as 

Status 1A and to have renal dysfunction and hypoalbuminemia at listing. African American and 

Hispanic children were most likely to be on Medicaid. After multivariable analysis, it was found 

that only African American children were at increased risk for waitlist mortality as compared to 

Caucasian children (adjusted hazard ratio = 1.25; P = 0.029). Post-HT, there were no disparities 

in early and midterm graft survival among groups, but African American children had increased 

numbers of rejection episodes compared to Caucasian and Hispanic children.

Conclusion: African American children continue to experience increased waitlist mortality and 

have increased rejection episodes post-HT. Studies exploring barriers to health care access and 

implicit bias as reasons for these disparities need to be conducted.
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Racial and ethnic disparities among adults with advanced heart failure are well recognized. 

African American adults with heart failure have higher mortality rates,1,2 are less likely 

to receive left ventricular assist devices (VADs)3 and have increased post-heart transplant 

mortality rates when compared to Caucasian patients.4,5

Pediatric studies evaluating racial and ethnic disparities in heart transplantation, however, 

are sparse.6–9 One study of waitlist outcomes among children with heart failure in the 

United States (U.S.) by Singh et al.6 found that compared to Caucasian children, African 

American children had a 60% increased risk of waitlist mortality, after adjusting for clinical 

confounders. Other pediatric studies focused on post-heart transplant outcomes in the U.S. 

have shown that African American children had increased post-heart transplant morbidity 

and mortality compared to Caucasian children.7–9 All prior pediatric studies highlighting 

racial and ethnic differences in heart transplant outcomes were conducted using data from 

national transplant registries from longer than a decade ago (before 2009). Thus, they all 

preceded the approval of the first pediatric ventricular assist device, the Berlin EXCOR 

(Berlin, Germany), by the U.S. Food and Drug Administration (FDA).10 It has been shown 

in the U.S. national transplant and VAD registries that since that time, there has been a rise 

in VAD use in children with advanced heart failure.11–15 This rise in VAD use is attributable 

to a variety of advancements in the pediatric heart failure landscape, such as the FDA 

approval of the Berlin EXCOR, increased comfort by pediatric providers in implanting adult 

devices, such as the HeartWare HVAD (Medtronic; Minneapolis, MN) and the HeartMate 

(Abbott; Abbott Park, IL) VADs, formation of the Advanced Cardiac Therapies Improving 

Outcomes Network, and improved VAD outcomes by standardization of post-VAD implant-

management practices.13–17

Given these recent advances, we wanted to evaluate racial and ethnic differences in 

waitlist and post-heart transplant outcomes for children with advanced heart failure in the 

contemporary era.

Methods

Study Population

All pediatric patients (age <18 years) listed for primary heart transplantation in the national 

Scientific Registry of Transplant Recipients (SRTR) database from December 16, 2011 (date 

of FDA approval of Berlin EXCOR), to February 28, 2019, were included in this study. 

We excluded patients listed for heart-lung transplantation (n = 43), lung transplantation (n = 

394) and retransplantation (n = 243).

SRTR Database

The SRTR data system includes data for all donors, waitlist candidates and transplant 

recipients in the U.S., as submitted by the members of the Organ Procurement and 

Transplantation Network. The Health Resources and Services Administration, U.S. 

Department of Health and Human Services, provides oversight of the activities of the 

Organ Procurement and Transplantation Network contractor. This study was approved by the 

Cleveland Clinic internal review board, and informed consent was waived because the data 
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obtained from routine care were completely deidentified by SRTR prior to their transmission 

to the investigators.

End-points

The primary endpoint of waitlist survival analysis was time from initial listing to a 

composite outcome of pretrans-plant death or becoming too sick for transplantation (removal 

from the waitlist due to clinical deterioration), censored at transplantation or last date of 

follow-up (May 31, 2019). This analysis was based on intent–to–treat such that deaths 

following removal from the waiting list were included in the analysis.

The primary endpoint of post-transplant survival analysis was time to graft loss (death or 

retransplantation), censored at last graft follow-up.

Statistical Analysis

The cohort was stratified by race/ethnicity into 5 groups based on data available in SRTR: 

Caucasian, African American, Hispanic, Asian, and Other. Other races included American 

Indian/Alaska Native (n = 31), Native Hawaiian/Pacific Islander (n = 17), and multiracial (n 

= 98). Children from these racial/ethnic groups were combined as Other, given the limited 

sample size in each of these 3 cohorts. Data at time of listing and time of transplantation 

were summarized with continuous variables expressed as medians (25th, 75th percentile), 

and categorical variables expressed as number of candidates and percent. For comparisons 

of waitlist and transplant characteristics by race/ethnicity, the Kruskal-Wallis test was used 

for continuous/ordinal characteristics; the Pearson χ2 test or the Fisher exact test was used 

for categorical characteristics, as appropriate. For variables in which the overall group 

comparison was statistically significant at the 0.05 level, pairwise tests were performed 

among all racial/ethnic groups with a Bonferroni multiple comparison adjustment to the 

significance criteria (α = 0.05/10 = 0.005). To assess whether racial/ethnic distribution 

changed over time, the multinomial logistic regression model of race/ethnicity was used, 

with a main effect for year of listing treated as a continuous variable.

Survival analysis was performed on imputed datasets. Multiple imputation was performed 

using the multiple imputation procedure in SAS 9.4 software (SAS Institute) to address 

missing values for variables with <5% missing data (5 imputations were performed 

separately for waitlist and post-transplant analysis cohorts). Variables imputed using 

multiple imputation for waitlist and post-transplant analyses are listed in the Supplementary 

Statistics document. No covariates at listing or transplant were missing >5% but <30% of 

the data. There were very few variables with >30% missing data. These were intensive care 

unit at listing (59.6% missing); mean pulmonary arterial pressure at listing and transplant 

(44.2% and 37.3% missing, respectively); mean pulmonary capillary wedge pressure at 

listing; and transplant (47.9% and 39.3% missing, respectively); panel reactive antibodies at 

transplant (65.5% missing); chest drain >2 weeks (68.2% missing); hospitalized for infection 

in the first 3 years (45.7% missing), hospitalized for rejection in the first 3 years (45.6% 

missing) and cardiac reoperation (66.6% missing). The variables that had >30% missing 

data were summarized in the descriptive tables but excluded from the regression analyses. 

Competing risk analysis was performed to evaluate outcomes after heart transplant listing 
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(transplant, death or removal from the waitlist due to clinical deterioration). Cumulative 

death/deterioration and transplant rates were compared among racial/ethnic groups using the 

Gray’s test. Kaplan-Meier plots were constructed for both the waitlist and the post-transplant 

time to endpoints, and the log-rank test was used to compare time-to-event curves among 

racial/ethnic groups.

Cox proportional hazards survival analysis was performed to assess the associations between 

race/ethnicity and death/deterioration at waitlist and between race/ethnicity and graft loss 

after transplant, and to estimate unadjusted and adjusted hazard ratios (aHRs) with their 95% 

confidence intervals. An automated stepwise variable selection method (significance criteria 

for entry and removal 0.1 and 0.05, respectively) performed on 1000 bootstrap samples was 

used to choose final multivariable models after excluding variables causing multicollinearity. 

The variables used in the bootstrap variable selection process for Cox proportional hazards 

models are listed in the Supplementary Statistics document. The variables with inclusion 

rates larger than 50% and consistent signs of parameter coefficients were selected for the 

final models. Race/ethnicity was not selected in the variable selection procedure for the 

post-transplant model and was, therefore, added later. All tests were 2-tailed and were 

performed at an overall significance level of 0.05. SAS 9.4 software (SAS Institute) was 

used for all analyses and plots.

Results

Waitlist Cohort

A total of 4089 pediatric patients listed for heart transplantation were included in our 

analysis. Of these, 2134 (52.2%) were Caucasian, 840 (20.5%) African American, 808 

(19.8%) Hispanic, 161 (3.9%) Asian, and 146 Other (3.6%). From 2012 to 2018, the relative 

percentage of children from various races and ethnicities listed for heart transplantation 

remained the same, except in 2014, 2015 and 2017, when there were more Hispanic than 

African American children (Fig. 1).

Differences in Characteristics Among Children of Differing Races/Ethnicities at Listing

The majority of children listed for heart transplantation were male and were listed for 

urgent transplantation (Status 1A) while in the intensive care unit. Few had an implantable 

cardioverter defibrillator or required extracorporeal membrane oxygenation support. Asian 

children were most likely to have cardiomyopathy (70.8%), whereas Caucasian children 

were most likely to have congenital heart disease (58.7%). African American children 

were most likely to be listed as Status 1A (70.1%), to have renal dysfunction (estimated 

glomerular filtration rate <90 mL/min/1.73m2) (52.7%) and to have hypoalbuminemia 

(albumin ≤3.5g/dL) (52.7%) at listing. African American and Hispanic children were most 

likely to be on Medicaid at listing (64.4% and 63.7%, respectively) (P < 0.05 for all) (Table 

1).

Differences in Heart Transplant Waitlist Outcomes by Race/Ethnicity

There was no significant difference in waitlist survival among children of any race/ethnicity 

in unadjusted analysis (P = 0.10) (Fig. 2). However, after adjusting for confounding clinical 
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risk factors, only African American children were at increased risk of heart transplant 

waitlist mortality compared to Caucasian children (aHR = 1.25, 95% CI 1.02 to 1.53; P = 

0.029) (Table 2).

Racial/Ethnic Differences in Competing Outcomes

There were no significant differences in rates of transplantation between children of different 

races/ethnicities (P = 0.054), (Fig. S1). There were also no differences in unadjusted rates of 

waitlist death or delisting due to clinical deterioration among children of any race/ethnicity 

(P = 0.12) (Fig. S2).

Differences in Characteristics Among Children of Different Races/Ethnicities at Transplant

A total of 2865 children in the waitlisted cohort underwent heart transplantation. Of these, 

563 were African American, 1509 Caucasian, 570 Hispanic, 125 Asian, and 98 children 

of Other races. African American children were most likely to be listed as Status 1A 

(72.8%), to be in the intensive care unit (65.7%) and to have hypoalbuminemia (52.0%). 

Intravenous inotrope use at time of transplantation was more common in African American 

and Caucasian children than in Hispanic children (65.5% vs 65.8% vs 56.7%) (P < 0.05 

for all). Renal dysfunction and liver dysfunction (bilirubin ≥2 mg/dL) was similar in all 

racial/ethnic groups. (Table S1).

Differences in Donor Characteristics by Race/Ethnicity

African American children were more likely to have higher donor-recipient age differences 

than Asian and Caucasian children (P < 0.05). There was no difference in causes of donors’ 

death, use of Centers for Disease Control and Prevention increased-risk donors or donor left 

ventricular ejection fraction in any groups (P > 0.05) (Table S2)

Differences in Post-Heart Transplant Mortality and Morbidity

There were no significant racial/ethnic differences in post-heart transplant survival in 

unadjusted analysis (P = 0.41) (Fig. 3). On multivariable adjusted analysis, there was 

no significant difference in post-heart transplant survival for African American children 

compared to Caucasian children (aHR = 1.12, 95% CI 0.86 to 1.47; P = 0.39), (Table 

3). There were no significant racial/ethnic differences noted in early post-transplant 

morbidity, such as post-transplant stroke, dialysis, permanent pacemaker placement, cardiac 

reoperation, acute rejection episodes prior to discharge, or length of stay in transplanted 

children (P > 0.05 for all). However, in the first 3 years post-heart transplant, African 

American children were more likely to have acute rejection episodes than were Caucasian 

and Hispanic children (36.6% vs 27.5% vs 24.5%) and to be hospitalized for rejection 

(31.2% vs 21.5% vs 20.3%) (P < 0.05 for both) (Table 4).

Discussion

There are 3 important findings in our contemporary analysis of pediatric candidates 

listed for heart transplantation in the U.S. First, African American children listed for 

heart transplantation in the current era have higher severity of illness at listing and at 

transplantation. Second, in the current era of rising VAD use in children with advanced 
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heart failure, African American children continue to experience higher waitlist mortality 

than Caucasian children. Finally, although early and midterm post-heart transplant survival 

is similar in children of varying races and ethnicities, African American children continue to 

experience higher numbers of rejection episodes than Caucasian children.

In our study, African American children were in more advanced heart failure at listing and 

at transplant. Structural racism is recognized to be an important driver of health disparities 

in adult cardiovascular disease.18,19 Adult studies have noted that implicit physician bias 

exists when treating African American patients with heart failure. They are less likely to be 

evaluated by a cardiologist when admitted with heart failure,20 to receive a left VAD3 or to 

be listed for heart transplantation.21 Studying racial/ethnic disparities in the timely diagnosis 

and management of children with heart failure is important. Also, evaluating implicit 

physician bias among pediatric providers caring for children with advanced heart failure, 

especially heart transplant listing practices and use of advanced heart failure therapies, is 

vital. It is also important to recognize barriers to health care access for children of racial/

ethnic minorities. In our study, African American and Hispanic children were most likely 

to be on Medicaid. Perceived discrimination is a known barrier to health care access,22 

especially among people from racial/ethnic minorities and lower socioeconomic status, and 

efforts should be made to understand whether this concern affects access to care for children 

of racial/ethnic minorities with advanced heart failure.

A previous study evaluated waitlist outcomes for children from the same national transplant 

database (study period: 1999–2006).6 The authors found that compared to Caucasian 

children, the risk for waitlist mortality was increased by 60% for African American, 50% for 

Hispanic, 100% for Asian, and 130% for children of Other races. We found that currently, 

African American children continue to be at increased risk for waitlist mortality compared 

to Caucasian children, but such disparities are not noted among children of other races/

ethnicities. These differences in survival persisted despite adjusting for clinical variables 

captured by SRTR. It is known that children with heart failure who have hyponatremia, 

elevated natriuretic peptides and lower left ventricular ejection fraction are more likely 

to die.23–25 Unfortunately, the SRTR does not have detailed information concerning these 

clinical variables that are known to affect outcomes in children with advanced heart failure. 

We speculate that differences in these important parameters that are not captured may 

account for some of the disparities noted in waitlist outcomes, and they need to be evaluated 

in future studies. Also, the progression of heart failure during the waitlist period may differ 

by race/ethnicity, and evaluating these factors may explain the reason for inferior survival 

rates among African American children currently.

Prior pediatric studies evaluating post-heart transplant outcomes have found that African 

American children have a 67% increased risk of graft failure8 compared to children of 

other races/ethnicities and a 120% increased risk of long-term death or retransplantation 

compared to Caucasian children.7 We did not find any differences in early or midterm graft 

survival in children of different races/ethnicities undergoing heart transplantation currently. 

We surmise that this is because at time of transplantation, there were no racial/ethnic 

differences in known post-transplant mortality risk factors, such as liver dysfunction, ECMO 

use or pro-longed ischemic times. Moreover, the proportion of African American children 
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with congenital heart disease was lower and those supported by VADs higher among African 

American children undergoing heart transplantation; this may explain the lack of differences 

in post-heart transplant survival compared to Caucasian children. Whether the lack of racial/

ethnic differences in graft survival pan out long-term for children currently undergoing 

transplantation remains to be seen. We did note that African American children continue 

to experience increased episodes of rejection. It has been shown, in other pediatric studies 

using similar and other national transplant databases, that African American children are 

at increased risk for rejection, hemodynamic compromising rejection and cardiac allograft 

vasculopathy.26–28

Study Limitations

Although our cohort included all children listed in the national heart transplant database, 

our study was subject to limitations, such as variables included in the database, accuracy 

of data, and human error upon entry of data. For instance, the racial/ethnic profiles used 

may be misclassified by the reporting center, thus wrongly adjudicating the true racial/ethnic 

profile of a child listed for heart transplantation, and this could have affected our results. 

Another limitation is the heterogeneity of different races/ethnicities, making generalizations 

inaccurate. For instance, Asian children represent children with descent from South Asia 

(Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka) as well 

as East Asia (China, Japan, North Korea, South Korea, Outer Mongolia, and Taiwan). 

Hispanic children include people from Spanish-speaking areas such as Cuba, Puerto 

Rico and Mexico. Given the diversity within these racial/ethnic groups, any racial/ethnic 

disparities in health care outcomes are unlikely to be genetic and will be of concern for both 

children and adults. It is known that African American children have a higher rates of post-

transplant hemodynamic-compromising rejection and cardiac allograft vasculopathy,26,27 but 

we were unable to evaluate this in our study because these outcomes are not captured in 

great detail in the SRTR database.

In conclusion, in a contemporary cohort of pediatric patients listed for heart transplantation, 

African American children continue to be at increased risk for waitlist mortality compared 

to Caucasian children. Post-transplant early and midterm graft survival are similar for 

children of all races/ethnicities; however, African American children continue to experience 

increased rejection episodes post-heart transplant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Race/ethnicity distribution of children listed for heart transplantation in the current era.
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Fig. 2. 
Differences in waitlist survival between children of different races/ethnicities in the current 

era.
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Fig. 3. 
Differences in post-heart transplant survival in children of different races/ethnicities in the 

current era.
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Table 2.

Multivariable Risk Factors of Waitlist Mortality in the Current Era

Risk factors HR 95% CI p value

Race (reference: Caucasians)

African American 1.25 1.02–1.53 0.029

Hispanic 1.07 0.86–1.33 0.53

Asian 0.82 0.48–1.38 0.45

Other 1.17 0.75–1.81 0.49

Age (reference: 11–17 years)

<1 1.77 1.33–2.35 <0.001

1–10 1.46 1.10–1.93 0.009

Female 1.22 1.04–1.43 0.017

Diagnosis (reference: CMP)

CHD 1.89 1.57–2.28 <0.001

Other 0.99 0.46–2.12 0.98

Status 1A 1.82 1.45–2.30 <0.001

Ventilator 1.73 1.43–2.09 <0.001

ECMO 2.13 1.69–2.69 <0.001

eGFR (reference : eGFR ≥ 90 mL/min/1.73 m2)

60-<90 1.27 1.03–1.57 0.023

30-<60 1.94 1.55–2.42 <0.001

<30 2.35 1.66–3.32 <0.001

Dialysis 1.54 1.04–2.27 0.031

Albumin ≤3.5 g/dL 1.35 1.12–1.63 0.002

BMI (10 kg/m2 increase) 1.00 1.00–1.01 <0.001

Boldface P values: statistically significant (P < 0.05).

BMI, body mass index; CHD, congenital heart disease; CMP, cardiomyopathy; ECMO, extracorporeal membrane oxygenation; eGFR, estimated 
glomerular filtration rate.
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Table 3.

Multivariable Risk Factors of Post-transplant Graft Loss in the Current Era

Risk factors HR 95% CI p-value

Race (reference: Caucasians)

African American 1.12 0.86–1.47 0.39

Hispanic 0.87 0.65–1.16 0.33

Asian 1.09 0.60–1.96 0.78

Other 1.12 0.67–1.88 0.66

Diagnosis (reference: CMP)

CHD 2.07 1.65–2.59 <0.001

Other 1.01 0.37–2.73 0.99

Bilirubin ≥2 mg/dL 1.71 1.32–2.21 <0.001

Albumin ≤3.5 g/dL 1.27 1.03–1.58 0.029

ECMO 1.53 1.09–2.14 0.015

Infection requiring IV drug therapy within 2 weeks prior to transplant 1.47 1.16–1.87 0.001

Medicaid 1.36 1.10–1.69 0.005

Male donor 1.33 1.07–1.65 0.010

Ischemic time >3.5 hours 1.37 1.10–1.70 0.004

Boldface P values are statistically significant at P < 0.05.

CMP, cardiomyopathy; CHD, congenital heart disease; ECMO, extracorporeal membrane oxygenation; IV, intravenous.
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