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Background: Merging United Network for Organ Sharing (UNOS) and Pediatric Health Information Sys-

tems databases has enabled a more granular analysis of pediatric heart transplant outcomes and resource

utilization. We evaluated whether transplant indication at time of transplantation was associated with mor-

tality, resource utilization, and inpatient costs during the first year after transplantation.

Methods and Results: We analyzed transplant outcomes and resource utilization from 2004 to 2015. Patients

were categorized as congenital (CHD), myocarditis, or cardiomyopathy based on UNOS-defined primary indica-

tion. CHD complexity subgroup analyses (single-ventricle, complex, and simple biventricular CHD) were also

performed. Of 2251 transplants (49% CHD, 5% myocarditis, 46% cardiomyopathy), CHD recipients were youn-

ger (2 [IQR 0�10], 6 [IQR 0�12], and 7 [IQR 1�14] years, respectively; P < .001) and less likely to have a

ventricular assist device (VAD) at transplantation (3%, 27%, and 13%, respectively; P< .001). Patients with sin-

gle-ventricle CHD had the longest time on the waitlist and were least likely to receive a VAD before transplanta-

tion. After adjusting for patient-level factors, transplant recipients with single-ventricle CHD had the greatest

mortality during transplantation admission and within 1 year (odds ratio [OR] 11.8 [95% confidence interval (CI)

5.9�23.6] and OR 6.0 [95% CI 3.6�10.2], respectively, vs cardiomyopathy). Mortality was similar between

patients with myocarditis and cardiomyopathy. Post-transplantation length of stay (LOS) was longer in transplant

recipients with CHD than myocarditis or cardiomyopathy (25 [interquartile range [IQR] 15�45] vs 21 [IQR

12�35] vs 16 [IQR 12�25] days; P < .001), related in part to longer duration of intensive care unit�level care

(ICU LOS 8 [IQR 4�20] vs 6 [IQR 4�13] vs 5 [IQR 3�8] days; P < .001). Similarly, patients with CHD had

higher median post-transplantation costs than myocarditis or cardiomyopathy ($415K [IQR $201K�503K] vs

$354K [IQR $179K�390K] vs $284K [IQR $145K�319K]; P< .001) that persisted after adjusting for patient-

level factors (adjusted cost ratio 1.4 [95% CI 1.4�1.5], CHD vs cardiomyopathy) and was primarily driven by

longer LOS. More than 50% were readmitted during the first year after transplantation, although readmission

rates were similar across transplant indications (P = .42).

Conclusions: Children with CHD, particularly single-ventricle patients, require substantially greater hospital

resource utilization and have significantly worse outcomes during the first year after heart transplantation com-

pared with other indications. Further work is aimed at identifying modifiable pre-transplantation risk factors, such

as pre-transplantation conditioning with VAD support and cardiac rehabilitation, to improve post-transplantation

outcomes and reduce resource utilization in this complex population. (J Cardiac Fail 2019;25:27�35)
ion of Pediatric Cardiology, Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania; 2Division of Pediatric Oncology, Children’s
elphia, Philadelphia, Pennsylvania and 3Healthcare Analytics Unit, Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania.
ived April 5, 2018; revised manuscript received November 9, 2018; revised manuscript accepted November 20, 2018.
s: Danielle S. Burstein, MD, Children’s Hospital of Philadelphia, 34th Street and Civic Center Boulevard, Philadelphia, PA 19104. Tel: 267-
5-590-5825. E-mail: bursteind@email.chop.edu
disclosure information.
ee front matter
Inc. All rights reserved.
0.1016/j.cardfail.2018.11.014

27

mailto:bursteind@email.chop.edu
https://doi.org/10.1016/j.cardfail.2018.11.014
https://doi.org/10.1016/j.cardfail.2018.11.014


28 Journal of Cardiac Failure Vol. 25 No. 1 January 2019
Pediatric heart transplantation is considered to be a standard primary diagnosis, severity status, and follow-up informa-
therapy for end-stage heart failure refractory to medical and

surgical therapy.1 Since its inception in 1967, heart transplant

use has continually increased with expansion to more complex

populations.2,3 A recent International Society of Heart and

Lung Transplantation report evaluated post-transplantation out-

comes among different transplant indications and found that

despite ongoing improvement in overall pediatric transplant

survival, there remains a persistent survival advantage for

dilated cardiomyopathy compared to congenital heart disease

(CHD) and retransplantation.3,4 This has been corroborated by

other studies that have shown CHD, particularly complex or

single-ventricle palliated CHD, is associated with increased

mortality primarily related to early postoperative morbidity

and mortality.5,6 These mortality data are based on data col-

lected at 30-day and 1-year time points but lack the granular

data on inpatient outcomes available from the Pediatric Health

Information Systems (PHIS) database.

Furthermore, multi-institutional data comparing inpatient

resource utilization in pediatric heart transplantation are

limited. Some data have been reported on single-center

resource utilization, but large multi-institutional reporting

has been limited primarily to outcomes, including mortality

and graft failure. Recently, a novel data set has been devel-

oped that merged the United Network of Organ Sharing

(UNOS) database, which includes extensive individual

recipient and donor transplant data, with the PHIS database,

an administrative hospital database that includes detailed

information on pre-transplantation characteristics as well as

in-hospital outcomes, resource utilization, and costs.7 This

merged database contains data on more than 2,200 pediatric

heart transplantations and provides an opportunity to evalu-

ate outcomes, including those related to index hospitaliza-

tion and pre-transplantation recipient characteristics across

multiple institutions which is not otherwise possible with

either database alone. Because the greatest mortality risk

occurs during the first year after transplantation, this time

period was chosen for the purposes of the present analysis.3

The purpose of the present study was to evaluate whether

transplant indication at time of transplantation was associ-

ated with mortality, resource utilization, and inpatient costs

during the first year after transplantation. We hypothesized

that CHD has poorer outcomes despite increased resource

utilization and costs owing to greater acuity compared with

other transplant indications, specifically cardiomyopathy

and myocarditis.

Methods

Data Source

Data were obtained from a merged UNOS-PHIS cohort

of pediatric transplant recipients at participating centers

from 2004 to 2015. UNOS is a nonprofit organization that

collects data on every organ transplantation since 1987 in

the United States. Information collected in UNOS includes

detailed pre- and post-transplantation demographic and

clinical information for donors and recipients, such as
tion regarding mortality. PHIS is an administrative database

that contains inpatient, emergency department, ambulatory

surgery, and observation data from 43 not-for-profit ter-

tiary-care pediatric hospitals in the United States.8 Partici-

pating PHIS hospitals provide data including

demographics, diagnoses, medications, supportive care,

procedures, and charges. Based on our probabilistic merge

based on center, date of birth, recipient sex, and transplant

date, more than 90% of eligible patients from UNOS were

successfully matched in PHIS, as previously described by

our group.7 Despite the robustness of the UNOS data set,

specific elements regarding CHD diagnoses as well as

patient-level information regarding post-transplantation

outcomes, resource utilization, and treatment costs are not

captured, but they are available through daily-level PHIS

data. The data sources for our study variables are presented

in Supplemental Table S1. Regarding missing data in our

merged data set, we provided percentage of nonmissingness

for each variable used in the study, as presented in Supple-

mental Table S1, which ranged from 91.5% to 100%.
Study Cohort and End Points

Patients were included if they underwent their first trans-

plant from January 1, 2004, and March 31, 2015, and were

aged 21 years or younger at the time of transplantation.

Patients were categorized as congenital (CHD), myocardi-

tis, or cardiomyopathy based on the UNOS-defined primary

indication for first transplant. Retransplantation as an index

event was excluded from the analysis. CHD was further

divided into subgroups (simple biventricular CHD, complex

biventricular CHD, or single-ventricle disease) based on

CHD complexity and International Classification of Dis-

ease, 9th Edition, Clinical Modification (ICD-9-CM), diag-

nostic codes from PHIS (Supplemental Table S2).

Primary outcomes included mortality, inpatient resource

utilization, and cost. Transplantion admission mortality was

based on PHIS data and 30-day and 1-year mortality were

derived from UNOS. Secondary outcomes included read-

mission within 1-year after transplantation collected from

PHIS as well as retransplantation within 1-year after trans-

plantation collected from UNOS. Post-transplantation

resource utilization data was collected from PHIS, includ-

ing transplantation admission and intensive care unit (ICU)

length of stay (LOS; with day 0 being the day of transplan-

tation), cumulative LOS within 1 year (including readmis-

sions), duration of inotropic support and mechanical

ventilation, use of extracorporeal membrane oxygenation

(ECMO), and quantity of inpatient cardiac imaging studies

within 1 year after transplantation. ICU was defined by the

occurrence of specific ICD-9-CM procedure codes or clini-

cal resources considered to be a marker of ICU care rather

than by physical location.9 Inpatient costs were estimated

from PHIS-adjusted charges multiplied by the cost-to-charge

ratio for each hospital, then further inflated to 2016 US dollars

with the use of the Consumer Price Index. Both total cost
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during 1-year after transplantation and cost per hospital day

were estimated.

Covariates Definition

Covariate data on pre-transplantation donor and recipient

characteristics as well as participating transplant center char-

acteristics were collected from UNOS. Creatinine levels at

time of transplantation were summarized only for those not

requiring dialysis. Obesity or underweight status were defined

by body mass index with the use of the Centers for Disease

Control and Prevention 2000 growth chart for patients

2�20 years old and World Health Organization 2006 criteria

for patients <2 years old.10 ICU support score was defined as

the sum of the number of the ICU level interventions given,

including use of ECMO, mechanical ventilation, or inotropic

support, at transplantation. For example, a patient on ECMO

at time of transplantation would have an ICU support score of

2, including 1 point for ECMO support and 1 point for

mechanical ventilation, with 1 additional point if inotropic

support was also present.

Statistical Methods

Descriptive statistics including median and interquartile

range (IQR) for continuous variables and proportions for

categoric variables were reported. Clinical outcomes,

resource utilizations, and costs were compared across indi-

cations as well as CHD complexity with the use of

chi-square tests (for binary outcomes, such as mortality) or

Wilcoxon tests (for continuous outcomes, such as cost).

For selected outcomes, regression models (logistic regres-

sion for mortality and any readmission within 1 year, and

general linear model with gamma distribution for LOS and

cost) were constructed to estimate both unadjusted and

adjusted associations with the indication groups (using car-

diomyopathy as the reference group). Because of potential

confounding effect of pre-transplantation patient-level fac-

tors on outcomes, we considered adjustment for confound-

ers with the use of multivariable regression analyses. First,

a conceptual model was used to elicit potential confounders

among a variety of recipient and donor pre-transplantation

demographics (Supplemental Fig. S1). Second, each poten-

tial confounder identified from the conceptual model was

further evaluated regarding its associations with the expo-

sure (indication groups) and each outcome (mortality, read-

mission, etc). Third, the variables that demonstrated

significant associations with both exposure and outcome

were included in the final multivariable regression models.

All of the analyses were performed in SAS 9.3, and a

2-sided P value of <.05 was considered to be statistically

significant.

Results

Patient and Center Characteristics

A total of 2251 pediatric heart transplantations (49%

CHD, 5% myocarditis, 46% cardiomyopathy) from 26 US
centers were included in the analysis. Among recipients

with CHD, 22% had single-ventricle disease and 55%

simple biventricular CHD. The majority (86%) of trans-

plantations occurred in medium- to high-volume centers,

defined as >10 transplants per year, owing to center vol-

ume homogeneity among participating PHIS institutions.

Pre-transplantation characteristics of the recipients and

donors are presented in Table 1 and Supplemental Table

S3. Overall, patients with CHD, myocarditis, and cardio-

myopathy were transplanted at similar rates in the earlier

(2004�2009) and later (2010�2015) eras, although

among patients with CHD, those with single-ventricle

and simple biventricular diseases received transplants

more often in the later era. Recipients with CHD, particu-

larly simple biventricular CHD, were younger compared

with other indications.

The waitlist time was significantly longer for patients

with CHD compared with cardiomyopathy or myocarditis,

and that was largely due to patients with single-ventricle

disease. Myocarditis was more likely to require mechanical

ventilation and inotropic support at the time of transplanta-

tion. Mechanical circulatory support (MCS) at time of

transplantation was used in 15% of the cohort, with 9% sup-

ported by ventricular assist devices (VAD) and 6% by

ECMO. VADs were used significantly less often in CHD

compared with other indications, particularly in single-ven-

tricle disease and simple biventricular CHD, likely owing

to young age.

Post-transplantation Clinical Outcomes

Outcomes and resource utilization by transplant indica-

tion are described in Table 2 and by CHD complexity sub-

group in Supplemental Table S4. For selected outcomes,

regression models (both unadjusted and adjusted) were con-

structed; the results are presented in Table 3. Mortality dur-

ing transplantation admission, at 30 days, and at 1 year was

significantly greater in CHD but not myocarditis compared

with cardiomyopathy. Among CHD recipients, after adjust-

ing for patient-level factors, single-ventricle disease had the

highest mortality after transplantation. Of those that died

during the first year after transplantation, patients with

CHD had greater mortality during the transplantation

admission and those with cardiomyopathy were more likely

to die after transplantation hospitalization discharge. Use of

ECMO within the first year after heart transplantation was

greater in patients with CHD and myocarditis compared

with cardiomyopathy, and it was used most often in single-

ventricle disease transplant recipients. However, there

were no significant differences in re-transplantation rates

during the first year after transplantation among transplant

indications.

Resource Utilization and Inpatient Costs

Post-transplantation LOS was longer for CHD, regardless

of CHD complexity, compared with cardiomyopathy, and

myocarditis had LOS similar to cardiomyopathy (Tables 2



Table 1. Pre-transplantation Patient Factors

Factor
CHD

(n = 1106)
Myocarditis
(n = 106)

Cardiomyopathy
(n = 1039) P Value

Male 650 (59%) 52 (49%) 537 (52%) .002
Nonwhite 401 (36%) 58 (55%) 523 (50%) <.001
Non-Hispanic 927 (84%) 90 (85%) 832 (81%) .058
Insurance <.001
Private 548 (50%) 53 (50%) 512 (49%)
Public 547 (49%) 42 (40%) 484 (47%)
Other 10 (1%) 11 (10%) 42 (4%)

Transplantation era .973
2004�2009 520 (47%) 49 (46%) 484 (47%)
2010�2015 586 (53%) 57 (54%) 555 (53%)

Age at transplantation, y 2 (0�10) 6 (0�12) 7 (1�14) <.001
Age at transplantation <.001
<1 y 447 (40%) 27 (25%) 232 (22%)
1�12 y 448 (41%) 53 (50%) 486 (47%)
>12 y 221 (19%) 26 (25%) 321 (31%)

Weight at transplantation, kg 11 (6�28) 19 (9�48) 23 (9�50) <.001
Body mass index at transplantation .034
Normal 624 (57%) 61 (57%) 599 (58%)
Obese 110 (10%) 13 (12%) 125 (12%)
Overweight 91 (8%) 14 (13%) 109 (11%)
Underweight 262 (24%) 18 (17%) 196 (19%)

Donor-recipient weight ratio .006
<0.8 610 (55%) 47 (44%) 507 (48%)
0.8�1.5 491 (44%) 58 (55%) 528 (51%)
>1.6 1 (0.1%) 1 (1%) 3 (0.3%)

Status at transplantation <.001
1a 904 (82%) 103 (97%) 893 (86%)
1b 150 (14%) 3 (3%) 94 (9%)
2 52 (4%) 0 (0%) 52 (5%)

Waitlist time, d 51 (18�111) 24 (10�59) 41 (16�97) <.001
Time at status 1a, d 26 (5�64) 22 (8�49) 22 (6�58) .747
Ratio of time at status 1a to total waitlist time 1 (0.4�1) 1 (1�1) 1 (0.6�1) <.001
ECMO at time of transplantation 87 (8%) 11 (10%) 36 (3%) <.001
VAD at time of transplantation 36 (3%) 29 (27%) 133 (13%) <.001
Mechanical ventilation at time of transplantation 229 (21%) 30 (28%) 136 (13%) <.001
Inotropic support at time of transplantation 544 (49%) 61 (58%) 518 (50%) .259
Pulmonary hypertension treatment at time of transplantation 9 (0.8%) 1 (0.9%) 3 (0.3%) .128
Total bilirubin at time of transplantation 0.7 (0.4�1.3) 0.6 (0.4�1.1) 0.6 (0.3�1.1) .003
Creatinine at time of transplantation 0.4 (0.3�0.6) 0.4 (0.3�0.7) 0.5 (0.3�0.7) <.001
Any dialysis from admission to transplantation 60 (5%) 16 (15%) 41 (4%) <.001
Donor CMV positive 580 (51%) 59 (56%) 565 (54%) .180
With recipient CMV negative 343 (33%) 28 (27%) 313 (31%)

Recipient CMV positive 358 (34%) 58 (56%) 419 (42%) <.001
ICU support score at time of transplantation <.001
0 489 (44%) 38 (35%) 480 (46%)
1 422 (38%) 40 (37%) 443 (43%)
2 147 (13%) 22 (21%) 101 (10%)
3 48 (4%) 6 (6%) 15 (1%)

CHD, congenital heart disease; ECMO, extracorporeal membrane oxygenation; VAD, ventricular assist device; CMV, cytomegalovirus; ICU, intensive
care unit. Values are presented as n (%) or median (interquartile range).
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and 4; Supplemental Table S4). This difference in LOS per-

sisted after adjusting for pre-transplantation characteristics

and was driven by longer need for ICU-level care in CHD

transplantations, including longer duration of mechanical

ventilation and inotropic support. Among CHD subgroups

after adjusting for pre-transplantation patient-level

factors, single-ventricle CHD had longer duration of

ICU-level care. When evaluating the frequency of post-

transplantation imaging, echocardiography and chest

x-rays were performed significantly more often in CHD

recipients. Notably, the number of readmissions within

the first year after transplant was similar among all

transplant indications.
Total inpatient costs during the first year after transplanta-

tion were significantly greater for patients with CHD com-

pared with myocarditis or cardiomyopathy (Fig. 1; Tables

3�5). However, daily inpatient costs were not significantly

different across indications, suggesting that differences in

overall post-transplantation hospital costs were primarily

driven by hospital LOS. The highest cost categories across

all transplant indications were clinical service and room/

board charges. As presented in Table 3, after adjusting for

pre-transplantation patient characteristics, all CHD recipients

regardless of CHD complexity had greater hospital costs

after transplantation compared with cardiomyopathy (cost

ratio 1.4, 95% confidence interval [CI] 1.4�1.5), and costs



Table 2. Outcomes and Resource Utilizations by Indication Group

Variable
CHD

(n = 1106)
Myocarditis
(n = 106)

Cardiomyopathy
(n = 1039) P Value

Transplantation admission mortality 113 (10%) 5 (5%) 15 (1%) <.001
30-day mortality 59 (5%) 3 (3%) 11 (1%) <.001
1-year mortality 156 (14%) 8 (8%) 35 (3%) <.001
Retransplantation within 1 year 4 (0.4%) 1 (0.9%) 4 (0.4%) .660
Transplantation admission hospital LOS, d 25 (15�45) 21 (12�35) 16 (12�25) <.001
Transplantation admission ICU LOS, d 8 (4�19) 6 (4�13) 5 (3�8) <.001
Total ICU LOS within 1 year after transplantation, d 9 (5�22) 6 (4�15) 5 (3�8) <.001
Total hospital LOS within 1 year after transplantation, d 34 (20�57) 28 (16�49) 22 (15�36) <.001
Inotropic support after transplantation, d 7 (5�14) 6 (4�10) 5 (3�8) <.001
Mechanical ventilation after transplantation, d 7 (3�19) 4 (2�12) 3 (2�6) <.001
Need for ECMO within 1 year after transplantation 165 (15%) 16 (15%) 62 (6%) <.001
Any readmission within 1 year after transplantation 641 (58%) 58 (55%) 574 (55%) .417
No. of readmissions within 1 year after transplantation 1 (0�2) 1 (0�2) 1 (0�2) .145
No. of inpatient imaging studies within 1 year after transplantation
Echocardiography 8 (4�14);

(range 0�92)
6 (2�9);

(range 0�57)
6 (3�10);

(range 0�67)
<.001

Chest x-ray 14 (8�28);
(range 0�204)

11 (6�21);
(range 0�147)

8 (6�14);
(range 0�67)

<.001

Values are presented as n (%) or median (interquartile range). LOS, length of stay; other abbreviations as in Table 1.
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were similar between myocarditis and cardiomyopathy (cost

ratio 1.1, 95% CI 1.0�1.3).
Discussion

This merged UNOS-PHIS data set has enabled a compre-

hensive evaluation of both pre-transplantation characteris-

tics and post-transplantation outcomes and resource

utilization among heart transplant indications in more than

2,200 pediatric heart transplantations in 26 US centers over

the past decade. As hypothesized, CHD has greater resource

utilization and inpatient costs despite poorer outcomes com-

pared with other transplant indications, even after adjusting

for pre-transplantation patient-level factors. Among

patients with CHD undergoing transplantation, mortality

was similar despite CHD disease complexity, but resource

utilization was greater for single-ventricle and simple

biventricular disease, largely owing to younger age and

comorbidities.

Previous literature has reported using merged data sets to

perform more refined analysis of clinical outcomes and

resource utilization in multiple contexts. Pasquali et al

linked the Society of Thoracic Surgeons and PHIS data-

bases to evaluate the quality-cost relationship in congenital

heart surgery.11 McHugh et al linked the Pediatric Heart

Network Single-Ventricle Reconstruction trial clinical data-

base and the Children’s Hospital Association Inpatient

Essentials database to evaluate center variation in cost of

Norwood procedures.12 And PHIS has been linked to the

Children’s Oncology Group to evaluate resource utilization

and cost in pediatric oncology care.13 Recently, Godown et

al reported a linked data set between PHIS and the Scien-

tific Registry of Transplant Recipients database, which

derives data from UNOS, to evaluate care in pediatric heart

transplantation.14 Our study builds on this concept by inde-

pendently merging the PHIS-UNOS cohort with detailed
pre- and post-transplantation patient-level data incorporated

to provide a more granular analysis of post-transplantation

care among different transplant indications, including trans-

plantation admission outcomes and ICU-level resource uti-

lization.

Previous registry analyses have focused on comparing

outcomes between patients with CHD and cardiomyopathy,

whereas the present analysis identified myocarditis and

CHD complexity subgroups, including single-ventricle dis-

ease, as separate populations through use of diagnostic

codes from PHIS. These subgroups were chosen based on

the unique clinical risk profiles associated with these trans-

plant indication groups which may affect outcomes and

resource utilization and thus warranting further investiga-

tion.15 In our population, there was a 12-fold increase in

risk of hospital mortality in single-ventricle compared with

cardiomyopathy patients. A study using the UNOS database

to evaluate graft survival over 20 years identified adoles-

cents with myocarditis as having worse graft survival com-

pared with other myocarditis age groups, whereas CHD had

similar graft survivals regardless of age, suggesting that

there may be disease-specific factors related to myocarditis

that affect outcomes.16 In the present population, although

the use of technologies such as ECMO and mechanical ven-

tilation before transplantation was higher in recipients with

myocarditis than with cardiomyopathy, 1-year post-trans-

plantation outcomes were quite similar.

Additional analyses of pre-transplantation patient-level

factors, particularly among the CHD subgroups, highlighted

important differences that may influence post-transplantation

outcomes. Specifically, rates of transplantation for single-

ventricle disease have increased over the past decade.

However, single-ventricle CHD has significantly longer

waitlist times compared with other transplant indications.

Although 9% of the cohort were supported with VADs at

the time of transplantation, VADs were rarely used in CHD,



Table 3. Univariate and Multivariable Regression Models by Transplant Indication

Indication
Univariate Multivariate

Unadjusted OR (95% CI) Unadjusted P Value Adjusted OR (95% CI) Adjusted P Value

Transplant-admission mortality
All CHD 7.7 (4.5�13.4) <.001 6.8 (3.8�12.1) <.001
Single-ventricle 10.7 (5.6�20.3) <.001 11.6 (5.8�23.2) <.001
Complex BV 7.1 (3.7�14.0) <.001 7.1 (3.6�14.2) <.001
Simple BV 7.8 (4.4�14.0) <.001 6.0 (3.2�11.1) <.001

Myocarditis 3.4 (1.2�9.4) .021 2.6 (0.9�7.6) .090
Cardiomyopathy Reference � Reference �

30-day mortality
All CHD 5.3 (2.8�10.1) <.001 5.2 (2.6�10.5) <.001
Single-ventricle 6.5 (2.9�14.6) <.001 6.6 (2.8�15.4) <.001
Complex BV 6.4 (3.0�13.8) <.001 6.8 (3.0�15.4) <.001
Simple BV 4.6 (2.3�9.4) <.001 4.0 (1.9�8.7) <.001

Myocarditis 2.7 (0.7�9.9) .129 2.1 (0.5�8.3) .258
Cardiomyopathy Reference � Reference �

1-year mortality
All CHD 4.7 (3.2�6.9) <.001 4.3 (2.9�6.3) <.001

Single-ventricle 5.8 (3.5�9.5) <.001 6.0 (3.6�10.0) <.001
Complex BV 4.1 (3.2�8.2) <.001 5.1 (3.1�8.3) <.001
Simple BV 4.6 (3.0�6.9) <.001 3.7 (2.4�5.7) <.001

Myocarditis 2.3 (1.1�5.2) .036 1.9 (0.8�4.3) .139
Cardiomyopathy Reference � Reference �

Any readmission within 1 year
All CHD 1.1 (0.9�1.3) .205 1.0 (0.9�1.2) .754
Single-ventricle 0.9 (0.7�1.3) .687 0.9 (0.7�1.2) .419
Complex BV 1.2 (0.9�1.5) .242 1.1 (0.8�1.4) .603
Simple BV 1.2 (0.9�1.4) .129 1.1 (0.9�1.3) .520

Myocarditis 1.0 (0.5�1.5) .917 1.1 (0.7�1.7) .644
Cardiomyopathy Reference � Reference �

Unadjusted Mean Ratio (95% CI) Unadjusted P Value Adjusted Mean Ratio (95% CI) Adjusted P Value
Transplant-admission hospital LOS
All CHD 1.6 (1.5�1.7) <.001 1.5 (1.4�1.6) <.001
Single-ventricle 1.6 (1.4�1.7) <.001 1.6 (1.5�1.8) <.001
Complex BV 1.5 (1.4�1.7) <.001 1.5 (1.3�1.6) <.001
Simple BV 1.7 (1.6�1.8) <.001 1.5 (1.4�1.6) <.001

Myocarditis 1.4 (1.2�1.6) <.001 1.1 (1.0�1.3) .141
Cardiomyopathy Reference � Reference �

Transplant-admission ICU LOS
All CHD 2.3 (2.1�2.4) <.001 2.1 (1.9�2.3) <.001
Single-ventricle 2.3 (2.0�2.6) <.001 2.5 (2.2�2.9) <.001
Complex BV 2.1 (1.8�2.4) <.001 2.0 (1.7�2.3) <.001
Simple BV 2.4 (2.1�2.6) <.001 2.0 (1.8�2.2) <.001

Myocarditis 1.6 (1.4�2.1) .015 1.2 (1.0�1.4) .138
Cardiomyopathy Reference � Reference �

Total hospital costs
All CHD 1.4 (1.2�1.5) <.001 1.4 (1.4�1.5) <.001
Single-ventricle 1.5 (1.3�1.6) <.001 1.5 (1.4�1.7) <.001
Complex BV 1.4 (1.3�1.5) <.001 1.4 (1.3�1.5) <.001
Simple BV 1.5 (1.4�1.7) <.001 1.5 (1.3�1.6) <.001

Myocarditis 1.3 (1.1�1.4) <.001 1.1 (1.0�1.3) .116
Cardiomyopathy Reference � Reference �

Daily hospital costs
All CHD 1.1 (1.0�1.2) .113 1.0 (1.0�1.1) .242
Single-ventricle 1.2 (1.1�1.3) .002 1.1 (1.0�1.3) .011
Complex BV 1.1 (1.0�1.2) .098 1.1 (1.0�1.2) .038
Simple BV 0.9 (0.9�1.0) .127 1.0 (0.9�1.1) .616

Myocarditis 1.1 (1.0�1.3) .058 1.2 (1.0�1.4) .024
Cardiomyopathy Reference � Reference �

BV, biventricular; other abbreviations as in Tables 1 and 2.
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particularly in single-ventricle disease and infants with sim-

ple biventricular CHD. These differences in waitlist time and

MCS support as bridge to transplant among transplant indica-

tions highlight important variation in pre-transplantation

management that may provide opportunities to identify mod-

ifiable risk factors in pediatric heart transplant recipients.

Specifically, pre-transplantation interventions, including
increased VAD utilization and cardiac rehabilitation in recip-

ients with CHD, could potentially improve post-transplanta-

tion outcomes and reduce resource utilization and costs by

reducing end-organ injury and improve musculoskeletal con-

ditioning during the waitlist period. For example, improved

musculoskeletal conditioning may decrease duration of

mechanical ventilation and time to ambulation and ultimately



Table 4. Total Costs During First Year After Transplantation by Indication, US$ (2016), Median (Interquartile Range)

Cost CHD Myocarditis Cardiomyopathy P Value

Total 415,465 (201,634�503,798) 354,088 (179,521�390,315) 284,944 (145,787- 318,474) <.001
Clinical 168,727 (66,554�220,034) 118,163 (66,214�208,384) 149,205 (50,299�178,945) <.001
Imaging 12,333 (3585�15,116) 8500 (2316�10,373) 6607 (2019�8216) <.001
Laboratory 37,661 (14,529�43,138) 27,231 (10,774- 32,497) 19,120 (9314�21,878) <.001
Room and board 123,425 (46,650�141,275) 91,264 (34,856- 109,341) 71,199 (35,936�80,674) <.001
Pharmacy 54,978 (15,254�62,369) 34,322 (11,671�40,306) 27,399 (10,423�30,443) <.001
Supply 18,341 (4638�20,679) 11,147 (3316�13,980) 11,414 (2535�12,105) <.001

CHD, congenital heart disease.

Congenital
$415,465

Myocardi�s
$345,088

Cardiomyopathy
$284,944

Fig. 1. Total inpatient costs during 1 year after transplantation. The diameters of the indication-specific pie graphs are proportional to the
total inpatient costs.
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post-transplantation LOS, which is the main driver of

increasing hospital costs. Thus, such interventions warrant

further investigation within the pediatric population.

Based on the inpatient data collected from the PHIS data-

base that supplemented the UNOS data in our merged

cohort, more detailed mortality analysis was performed at

several time points. UNOS has previously reported 30-day

and 1-year mortality rates, but multicenter data on out-

comes besides these 2 time points have been scarce.

Through the use of this UNOS-PHIS merged data set, we

were able to evaluate multicenter inpatient outcomes

throughout the first year after transplantation. Specifically,

this study compared inpatient mortality during the trans-

plantation admission across transplant indications and

across 26 US centers. Consistent with previous reports,

CHD had the highest mortality at 30 days and 1 year as

well as during the transplantation hospitalization.
Table 5. Cost per Inpatient Day During 1 Year After Trans

Cost CHD Myoc

Total 8747 (6063�12,966) 8236 (591
Clinical 3257 (1548�6867) 3508 (180
Imaging 225 (129�337) 177 (94�
Laboratory 721 (498�1025) 662 (483
Room and board 2449 (1931�3058) 2344 (183
Pharmacy 908 (577�1458) 910 (583
Supply 313 (134�578) 298 (120

CHD, congenital heart disease.
Interestingly, of those that died within the first year after

transplantation, those with CHD and myocarditis were

more likely to die during the transplantation admission

whereas those with cardiomyopathy were more likely to die

after discharge. Furthermore, we were able to perform more

granular analyses of CHD disease complexity and found

that CHD had greater post-transplantation mortality

regardless of disease complexity compared with other

indications. These data provide important information

for practicing providers when counseling families about

post-transplantation outcomes by quantifying the trans-

plantation admission mortality risk in relation to overall

1-year mortality.

In addition to higher mortality, CHD had greater resource

utilization after transplantation. The post-transplantation

LOS was longer for patients with CHD, and post-transplan-

tation LOS was similar for those with cardiomyopathy and
plantation, US$ (2016), Median (Interquartile Range)

arditis Cardiomyopathy P Value

7�15,415) 8853 (6201�14,181) .626
6�9793) 3993 (1843�8812) .002
299) 188 (109�291) <.001
�940) 634 (449�849) <.001
4�2980) 2329 (1867�2854) <.001
�1235) 774 (511�1203) <.001
�556) 274 (109�535) .024
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myocarditis. This was driven in part by longer duration of

ICU-level care, including longer inotropic support and

mechanical ventilation after transplantation among single-

ventricle disease and young simple biventricular heart dis-

ease recipients. In addition, CHD recipients had more tho-

racic imaging, including echocardiography and chest x-

rays, during the post-transplantation period compared with

other indications. The increased resource utilization after

transplantation for patients with CHD compared with myo-

carditis and cardiomyopathy is likely multifactorial and

related to significant comorbidities and deconditioning in

CHD recipients before transplantation, as well as anatomic

variations in some CHD-related systemic and pulmonary

venous connections that may affect the transplantation sur-

gery itself.

Interestingly, despite the association between pre-trans-

plantation indication and post-transplantation LOS, underly-

ing disease was not associated with readmission rates within

the first year after transplantation. More than 50% of trans-

plant recipients were readmitted an average of 1 time within

the first year after transplantation, regardless of underlying

disease. A previous single-center report found that rehospi-

talization in children after transplant was common, with an

average of 2 readmissions within the first year, which is

greater than our cohort and may indicate that there is center

variation in post-transplantation outpatient management

across US institutions.17 However, that study evaluated all

transplants without differentiating among pre-transplantation

indications. Further study is needed to determine whether

post-transplantation practice patterns, such as transplantation

admission LOS, were associated with rates of readmission.

The present study also provides insight into understanding

the cost for post-transplantation care in this complex popula-

tion. Even after adjusting for pre-transplantation patient-level

factors, including age and severity of illness, transplantation

for CHD regardless of disease complexity was associated

with greater post-transplantation hospital costs compared

with cardiomyopathy. Although there were differences in

post-transplantation resource utilization across transplant indi-

cations, including frequency of cardiac imaging and duration

of ICU-level care including mechanical ventilation and medi-

cation use, the primary driver of increased post-transplanta-

tion costs in CHD recipients was post-transplantation LOS.

The association between LOS and hospital costs has been

reported in congenital heart surgery and heart transplantation

but has not evaluated among different indications for pediat-

ric heart transplantation.18�20 Further analyses are needed to

evaluate the drivers of this increased LOS after transplanta-

tion to try to identify ways to improve outcomes and reduce

hospital resource utilization and costs.20 Evaluation of cen-

ter variation in post-transplantation care among different

transplant indications may provide insight into optimal man-

agement and high-value care delivery in this resource-

intense population; it has been helpful in in identifying

ways to deliver high-value care in congenital heart dis-

ease.12,21 Future analyses of our data set will focus on better

understanding how individual pre-transplantation patient-
and center-level factors influence post-transplantation

resource utilization and costs with the ultimate goal being

the development of a risk model for post-transplantation

outcomes, resource utilization, and costs. This risk model

development will potentially be an important next step to

help improve care for this complex population.

Study Limitations

This study has several limitations. It is a retrospective

observational analysis from a large multicenter cohort.

Although patient-level factors were adjusted for in our anal-

yses, there may be factors that were not captured and thus

could not be included in our analysis. We identified that

most transplantations in our cohort occurred at moderate- to

large-volume transplant centers based on the represented

centers participating in PHIS. We think that our findings

are valid for centers of similar volume but may have limita-

tions regarding their generalizability to smaller centers. The

26 merged centers in our UNOS-PHIS cohort account for

»85% of free-standing children’s hospitals, so these data

reflect a multicenter practice experience from a significant

portion of academic US centers. Finally, the PHIS database,

which is an administrative database, relies on the input of

accurate information regarding diagnostic coding. To

address this potential limitation, PHIS data quality and reli-

ability metrics are assured through a joint effort between

the Children’s Hospital Association and participating hospi-

tals, with data subject to a number of reliability and validity

checks before being included in the database.

Conclusion

Children with CHD, particularly single-ventricle disease,

have poorer outcomes despite increased resource utilization

and costs during the first year after transplantation com-

pared with children with cardiomyopathy and myocarditis.

Data from this merged database—UNOS combined with

PHIS, an administrative hospital database—have enabled

more granular pre- and post-transplantation analysis of

patient- and center-level factors in children. Further work is

aimed at identifying modifiable pre-transplantation risk fac-

tors, such as pre-transplantation conditioning with VAD

support and cardiac rehabilitation, to improve post-trans-

plantation outcomes and reduce resource utilization in this

complex population.
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