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Abstract

Background—An early report of recipient heart transplantation outcomes under the new US
heart allocation system introduced in late 2018 demonstrated a lower post-transplant survival rate
compared with the prior system.

Objectives—We sought to examine recipient survival under the new system using an updated
dataset.

Methods—The 2015-2019 United Network for Organ Sharing (UNOS) registry was queried for
adult heart transplant recipients, stratified by whether they were listed and transplanted before or
after October 18, 2018 when the new allocation system was implemented. The association
between allocation system and recipient mortality was analyzed using the Kaplan-Meier method
and multivariable Cox proportional hazards regression.

Results—7,119 recipients met inclusion criteria including 6,004 (84%) and 1,115 (16%) listed
and transplanted in the old and new allocation systems, respectively. This registry update included
576 new-system recipients, over double the amount previously analyzed. Recipients from the new
system were more likely to be bridged to transplant with temporary mechanical circulatory support
(MCS) devices instead of durable left ventricular assist devices (LVADs) and had longer graft
ischemic times. After adjustment, the new system was not associated with poorer survival on
Kaplan-Meier survival analysis (logrank p=0.075) or multivariable Cox Proportional Hazards
modeling (aHR 1.23, 95% CI 0.88-1.71).
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Conclusions—The short-term survival of recipients listed and transplanted under the old and
new allocation systems appears to be comparable. The allocation system change has resulted in
several changes to the clinical profiles of transplanted patients that must be closely monitored in
the coming years.
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Introduction

In October of 2018, the United States heart transplant organ allocation system was modified
by the Organ Procurement and Transplantation Network (OPTN) Thoracic Organ
Transplantation Committee to promote an allocation scheme that would direct organs to the
most critically ill waitlisted patients. A major goal was to further decrease the waitlist
mortality on the heart transplant list after the last revision in the early 2000s (1). This was
partially in response to an increasing number of recipients supported with durable
mechanical circulatory support devices that stabilized hemodynamics but allowed patients to
wait outside the hospital but with a relatively high status. (2). Given this disparate risk
among patients listed at the highest status, the prior system suffered from long waitlist times
among candidates listed at the most urgent status with a high chance of dying while awaiting
a suitable cardiac allograft (3—7). The prior system also promoted regional disparities in
access to donor allografts (1,8).

After the first wave of transplants were performed under the new allocation scheme,
Cogswell and colleagues made a valuable effort to assess the preliminary impact of the new
allocation system (9). In comparing recipient outcomes between the new and old allocation
systems using data from the United Network for Organ Sharing (UNOS) heart registry, they
found decreasing waitlist mortality but surprisingly poor post-transplant survival rates
compared with the prior system: 90- and 180-day survival of 87.6% and 77.9% in the new
system, respectively compared with 94.5% and 93.4% in the prior system (9). This apparent
doubling of 90-day and tripling of 180-day post-transplant mortality was unsettling,
although these findings rested on a relatively small sample size of new allocation system
recipients with a median follow-up time of only 22 days (IQR 12-48).

We sought to build on Cogswell and colleagues’ thoughtful analysis to determine whether
this decrease in recipient survival would persist in a larger data set ending in June 2019.
Furthermore, given the substantial differences observed in donor and recipient
characteristics between the two allocation systems found by Cogswell et al., we aimed to
examine whether the new allocation system was associated with worsened recipient survival
using a multivariable Cox Proportional Hazards regression analysis.
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Methods

Study Population

The United Network for Organ Sharing (UNOS) provided deidentified donor and recipient
transplant data from October 1987 through June 2019 with follow-up information through
September 2019. The database includes prospectively collected data for all organ transplants
performed in the US during this period. The registry was queried for all adults (age = 18)
undergoing first-time single-organ heart transplantation. As in the analysis by Cogswell et
al., patients were stratified into two primary cohorts: those that were listed and transplanted
between October 18, 2015 and prior to when the allocation system changed on October 18,
2018, and those that were listed and transplanted after this date (9). Patients listed prior to
but transplanted after the allocation system change were excluded (Figure 1).

Data analysis

Unadjusted descriptive analysis of baseline recipient and donor characteristics was
performed, stratified by allocation system. Baseline demographic and clinical characteristics
are presented as median (interquartile range) for continuous variables and percent (count) for
categorical variables, unless otherwise specified. Unadjusted comparisons between cohorts
were performed using the Wilcoxon rank sum test for continuous variables and the Pearson
/1/2 test for categorical variables. Unadjusted freedom from death or re-transplantation was
analyzed using the Kaplan-Meier method, with differences between cohorts assessed using
the log-rank test.

Due to imbalances in baseline characteristics between the two groups, multivariable
regression was performed to determine the independent association between allocation
system and recipient survival. Adjusted post-transplant survival was modeled using
multivariable Cox Proportional Hazards regression, with covariates chosen a priori based
upon clinically relevant factors available within the dataset. In addition to old/new allocation
system, included covariates consisted of donor age and recipient age, sex, ethnicity, donor/
recipient sex mismatch, heart failure etiology, durable LVAD support, ECMO support,
temporary VAD support, IABP support, prior cardiac surgery, graft ischemic time, and
annualized heart transplant center volume. Linearity of continuous variables with the hazard
of the outcome was modeled using restricted cubic splines with 4 pre-specified knots based
upon each variable’s distribution. In the final model, continuous variables were modeled as
linear functions or piecewise linear splines for ease of interpretation, where appropriate.

In addition to multivariable regression utilizing the entire cohort, a 1:1 propensity score
matching sensitivity analysis was performed comprised of recipients transplanted in the new
allocation system and a cohort of patients with the most similar baseline characteristics from
the old system. A nearest neighbor algorithm was used that matches patients based on a
series of logistic regressions and a caliper width of 0.1 (10). Patients were matched based on
donor and recipient covariates used in the Cogswell study, as well as other potential
confounders available in the dataset. These included donor age, ethnicity, cause of death,
diabetes, and cocaine use as well as pre-transplant recipient variables including age, sex,
donor/recipient sex mismatch (female donor and male recipient), ethnicity, heart failure
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etiology, medical condition, diabetes, 1V antibiotic usage in the preceding 2 weeks, use of
IV inotropes, durable LVAD support, temporary mechanical circulatory support,
extracorporeal membrane oxygenation (ECMO) support, ventilator requirement, and graft
ischemic time. Comparisons between post-matching cohorts were performed by examining
standardized mean differences (SMD).

Two-sided p-values < 0.05 were considered statistically significant. Multivariable modeling
was performed as a complete case analysis. All statistical analyses were performed using R
version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria). This analysis was
deemed exempt by the Duke University Institutional Review Board.

Recipient and donor characteristics

In total, 7,119 recipients met inclusion criteria including 6,004 (84%) and 1,115 (16%) listed
and transplanted in the old and new allocation systems, respectively. Median follow-up time
was 376 days (IQR 207-730) overall, and 51 days (IQR 18-179) for patients listed and
transplanted in the new system. Recipient baseline demographic and clinical characteristics,
stratified by allocation system, are presented in Table 1. Recipients listed and transplanted in
the new system were less likely to have diabetes, ischemic cardiomyopathy, and be bridged
to transplant with a durable LVAD. They were more likely; however, to be supported with
temporary MCS devices including intraaortic balloon pumps (IABP), ECMO, and temporary
VADs. This trend was also observed for all candidates listed for heart transplant under the
two allocation systems, regardless of whether transplant occurred (Supplemental Table 1).
New allocation system recipients spent a significantly shorter amount of time on the waitlist
(median 15 vs 68 days, p<0.001) and graft ischemic time was longer (median 3.5 vs 3.0
hours, p<0.001) with a longer distance between donor and recipient centers (median 296 vs.
90 miles, p<0.001).

Donor characteristics stratified by allocation system are presented in Table 2. Overall, donor
characteristics were comparable between the two groups although new allocation system
donors were more likely to have a history of cocaine use and a cause of death listed as
anoxia and were less likely to have a cause of death listed as head trauma.

Unadjusted analysis of survival

On unadjusted Kaplan-Meier survival analysis of freedom from death or retransplantation,
the new allocation system was associated with a minimally decreased survival among heart
transplant recipients overall (Figure 2a, logrank p=0.009) and candidates transplanted as
urgent status 1A (old system) or 1/2/3 (new system) (Figure 2b, log rank p=0.002).
Specifically, 90- and 180-day survival was estimated as 93.0% (95% CI 91.2-94.9) and
90.6% (95% CI 88.3-92.9), respectively, under the new allocation system compared with
94.4% (95% CI 93.9-95.0) and 93.3% (95% CI 92.7-93.9) under the old system. These 90-
and 180-day survival estimates, in addition to the estimates presented in the early report by
Cogswell et al., are presented in Figure 2c.
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Adjusted analysis of survival

Multivariable adjusted Cox Proportional Hazards regression was performed to determine the
independent association between allocation system and recipient survival (Table 3). After
adjustment, the new allocation system was not associated with significantly worse recipient
survival compared with the older allocation system (aHR 1.18, 95% CI 0.90-1.55).
Identified factors independently associated with lower survival included increasing donor
age (aHR 1.09 per 5 years, 95% CI 1.05-1.12), increasing recipient age (aHR 1.05 per 5
years, 95% CI 1.01-1.08), pre-transplant ECMO support (aHR 2.97, 95% CI 2.06-4.28),
prior cardiac surgery (aHR 1.29, 95% CI 1.10-1.51), increasing graft ischemic time (aHR
1.20 per hour, 95% CI 1.12-1.28), and increasing annualized center volume above 25 (aHR
1.19 per 5 transplants, 95% CI 1.09-1.30). Factors associated with improved recipient
survival included non-ischemic dilated cardiomyopathy (vs ischemic; aHR 0.92, 95% ClI
0.69-0.98) and increasing annualized center volume below 25 (aHR 0.87, 95% CI 0.82—
0.93).

A propensity score matching sensitivity analysis was performed to identify a subgroup of
recipients transplanted under the old allocation system with similar baseline demographic
and clinical characteristics as those transplanted under the new system. Using 1:1 matching
identified 1,079 recipients transplanted under each allocation system with similar baseline
recipient and donor characteristics (Supplemental Tables 2 & 3). Kaplan-Meier survival
analysis estimated similar survival between propensity score matched groups (Figure 2d,
logrank p=0.08).

Discussion

Comparable recipient survival across allocation systems

In this retrospective analysis of the UNOS heart transplant registry, we compared the
survival of recipients who underwent transplantation in the final years of the old allocation
system to recipients listed and transplanted in the first 8 months of the new allocation
system. In addition, as a result of significant imbalances in patient baseline characteristics
between the two eras, we performed a propensity score matched analysis with a group of
recipients listed and transplanted before and after the allocation system change with similar
characteristics. On unadjusted analysis, we demonstrated slightly worsened recipient
survival under the new allocation system, however the difference in survival estimates
between the old and new systems was smaller than the rates presented in the earlier report by
Cogswell and colleagues (9). Furthermore, after matching was performed, there was no
difference in recipient survival observed between the old and new allocation systems on
Kaplan-Meier survival analysis or multivariable Cox Proportional Hazards regression.

There are several factors that likely account for the difference in estimated recipient survival
estimates under the new allocation system presented in the current report and the prior report
by Cogswell and colleagues. First, the additional 3 months of transplant data in the current
report permitted an analysis of an additional 576 recipients transplanted in the new system,
which is more than double the population size of the prior study with a longer follow-up
time. The greater precision is reflected by the significantly narrower confidence intervals
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associated with the survival estimates presented in this updated analysis. Second, the design
of the UNOS Registry, namely the ascertainment of recipient death through linkage with the
Social Security Death Master File, may have introduced a degree of event ascertainment bias
among recipients very recently transplanted: recipients who were still living at the time of
the most recent database harvest may not have had adequate time to follow up (11). This is
reflected by the median 55-day follow up of censored patients in the present analysis
compared with 23 days in the earlier cohort. Lastly, the Cogswell analysis likely overlooked
the non-informative censoring assumption of the Kaplan-Meier estimator and did not
include ECMO use as an adjustment variable in their final model, likely due to being
underpowered, which may have influenced the results (12).

MCS bridging practices

Although the allocation system change itself does not appear to be associated with worse
than expected post-transplant recipient mortality, it has clearly impacted the clinical profile
of patients receiving donor allografts. Compared with recipients transplanted under the prior
system, new allocation system recipients were approximately four times more likely to have
been supported with temporary MCS devices including IABP, ECMO, and temporary VADs
and fewer recipients were bridged to transplant with a durable LVAD. While this change is
likely being driven primarily by the prioritization of these sicker patients in the new
allocation system, and may reflect other trends in planning LVAD therapy as destination or
bridge therapy, it is conceivable that some programs are modifying their practices in favor of
temporary mechanical support in an effort to elevate candidate status and reduce wait time.
Indeed, when examining candidates listed for transplant regardless of subsequent
transplantation, rates of temporary MCS use have approximately doubled in the era of the
new allocation system (Supplemental Table 1). Due to the lower status assigned to patients
supported with durable LVAD, some degree of practice modification was expected.
However, at the individual program level these practices should be closely monitored to
ensure that a deviation toward use of temporary MCS is balanced with the well-established
risk of post-transplant mortality when using such devices (13,14). Indeed, the multivariable
adjusted analyses suggest that if a significant change in bridging practice was not instituted
in the new allocation scheme then post-transplant outcomes remain comparable (15).

Graft ischemic time

In addition to a change in MCS bridging practices, it is clear that the new allocation system
has had an impact on graft ischemic times, which have increased significantly compared
with the prior system. This is likely related in part to increased distances between donor and
recipient centers, which increased from a median of 90 miles in the old system to almost 300
miles, consistent with overt goals of the new system to promote sharing over greater
distances. From an allocation prospective the broader regional sharing of organs based on
recipient need is an important priority. However, given the known association between
ischemic time and recipient mortality (aHR 1.19 per hour in this study), it will be important
to ensure that these increased ischemic times do not impact post-transplant mortality to an
unacceptable degree (16,17). Furthermore, an examination of the economic impact of
broader sharing will be necessary with regard to costs associated with transportation of
organs across greater distances. In addition, the expanding use of ex vivo perfusion systems
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may represent a way for centers to mitigate the risk of longer ischemic times under the new
system, however very few centers have thus far adopted this technology (18). As mentioned,
monitoring the program-specific median ischemic time in an era of expanded regional organ
sharing is an important method of quality assurance to provide the most beneficial outcomes
to heart transplant recipients.

There are several limitations associated with this analysis worth noting. First, as a
retrospective analysis of registry data, the quality of the data as well as the availability of
necessary predictor variables can be an issue. Our multivariable data suggests that recipient
survival improves with increasing annualized transplant center volume until a threshold of
approximately 25 annually, after which it begins to decline. These findings may be a result
of unmeasured confounders, where recipients transplanted at higher volume centers have
higher baseline risk profiles than documented in the UNOS registry. Second, while this
analysis included greater than double the number of recipients transplanted under the new
allocation system as the earlier report, it is still a relatively small sample size with less than a
year of follow-up. Thus, we cannot make any conclusions about the impact of the new
allocation system on longer-term survival. It will take several years of data reporting to fully
understand its clinical implications. Lastly, registry data cannot provide robust insight
regarding clinical decision-making surrounding bridging candidates to transplant with
various forms of mechanical circulatory support. Thus, while we can make inferences about
the impact of the new allocation system on decision making in a broad sense, we can only
indirectly analyze the management of heart failure within individual transplant programs. As
a result, our analysis is likely limited by bias from unmeasured confounders.

Conclusions

In conclusion, by examining short-term outcomes of over 1,000 adults listed and undergoing
heart transplantation in the new allocation system since October 2018, we found that the
short-term post-transplant survival of this group is comparable to that of recipients who were
transplanted in the final years of the old allocation system. Initial data on long-term
outcomes and more data on 90-day and 180-day outcomes will continue to inform the
evaluation of the new system. The new system has already resulted in several important
changes to the clinical profile of transplanted patients, including increased temporary MCS
support and decreased durable L\VAD support as well as increased ischemic times, that
should be closely monitored over the coming years. Furthermore, the impact of the new
allocation system on waitlist outcomes should be examined as more data become available.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives
Competencies in Medical Knowledge

The modification to the US heart transplant allocation system implemented in 2018 has
resulted in substantial changes to the clinical profile of transplanted patients, including an
increased use of temporary MCS and decreased use of durable L\VADs as well as
increased ischemic times. Despite an early report of significantly worsened recipient
mortality under the new allocation system, an analysis of the updated UNOS registry
suggests that the short-term post-transplant survival of this group is comparable to that of
recipients who were transplanted in the final years of the old allocation system.

Translational Outlook

Recipient outcomes, waitlist mortality, graft ischemic times, and MCS bridging practices
must be closely monitored over the coming years as additional data from the new heart
transplant allocation system becomes available.
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Patients > 18 years of age undergoing first-time isolated heart
transplant, listed and transplanted from 10/17/15 - 6/30/19
7,790

Patients listed before allocation system
change (10/18/18) but transplanted after
671

|

A 4

Study population - 7,119

Unmatched patients
4,961

v

v

Matched population for sensitivity
analysis — 2,158

Figure 1. Study inclusion and exclusion criteria
After application of inclusion and exclusion criteria, 7,119 heart transplant recipients and

their associated donors were analyzed. A propensity-matched sensitivity analysis was
performed, which included 2,158 recipients.
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Figure 2. Unadjusted Kaplan-Meier analysis of freedom from death or re-transplantation
Unadjusted Kaplan-Meier analysis of freedom from death or re-transplantation of (A) all

recipients, and (B) those listed as most urgent (status 1A in old system or 1/2/3 in new
system) stratified by organ allocation system. Panel (C) presents survival estimates at 90-
and 180-days based upon the current report as well as the *early report by Cogswell et al.
Panel (D) presents Kaplan-Meier analysis of propensity score matched cohort stratified by

organ allocation system. P-values calculated using log-rank statistic.
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Central Illustration. Post-heart transplant recipient survival estimates
Post-heart transplant recipient survival estimates at 90- and 180-days under old and new US

heart allocation systems based upon the current updated report as well as the *early report
by Cogswell et al.
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Demographic and clinical characteristics of heart transplant recipients stratified by allocation system pre- and

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

post-October 2018.

Allocation System
Variable old New p-value
(n=6,004) (n=1,115)
Male sex 4,319 (71.9%) | 776 (69.6%) 0.120
Sex mismatch 852 (14.2%) 133 (11.9%) 0.050
Age (median years, IQR) 57 (47-64) 56 (45-63) 0.047
BMI (median kg/m2, IQR) 27.2(23.840.0) | 26.3(22.9-30.6) | <0.001
Ethnicity 0.320
White 3,859 (64.3%) | 730 (65.5%)
Black 1,314 (21.9%) | 218 (19.6%)
Hispanic 540 (9.0%) 110 (9.9%)
Other 291 (4.8%) 57 (5.1%)
Recipient history
Diabetes 1,691 (28.2%) | 274 (24.7%) 0.018
Malignancy 570 (9.5%) 95 (8.5%) 0.332
Cerebrovascular disease 366 (6.1%) 72 (6.5%) 0.694
Heart failure etiology 0.003
Ischemic 1,694 (28.2%) | 268 (24.0%)
Non-ischemic dilated 3,319 (55.3%) 629 (56.4%)
Other 991 (16.5%) 218 (19.6%)
Recipient creatinine (median mg/dL, IQR) 1.2 (0.9-1.4) 1.1(0.9-1.4) <0.001
Recipient bilirubin (median mg/dL, IQR) 0.7 (0.4-1.0) 0.7 (0.5-1.1) 0.007
Pre-transplant status <0.001
Intensive care unit 1,863 (31.0%) 676 (61.7%)
Hospitalized (non-1CU) 964 (16.1%) 146 (13.3%)
Not hospitalized 3,177 (52.9%) 273 (24.9%)
Medical therapy
IV antibiotics in two weeks before transplant 500 (8.3%) 116 (10.4%) 0.027
IV inotropes prior to transplant 2,311 (38.5%) 465 (41.7%) 0.047
Ventilator support prior to transplant 53 (0.9%) 39 (3.5%) <0.001
Durable LVAD support prior to transplant 2,511 (41.8%) 236 (21.2%) <0.001
Temporary MCS prior to transplant 809 (13.5%) 496 (44.5%) <0.001
IABP 518 (8.6%) 368 (33.0%) <0.001
ECMO 91 (1.5%) 72 (6.5%) <0.001
Temporary VAD 115 (1.9%) 66 (5.9%) <0.001
ABO blood type 0.221
A 2,509 (41.8%) | 457 (41.0%)
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Allocation System
Variable old New p-value
(n=6,004) (n=1,115)

B 936 (15.6%) 194 (17.4%)

AB 379 (6.3%) 81 (7.3%)

0 2,180 (36.3%) | 383 (34.3%)
Days on waitlist (median days, IQR) 68 (22-178) 15 (6-44) <0.001
Waitlist status at transplant -

Old 1A 4,124 (68.7%) | -

Old 1B 1,708 (28.4%) | -

old 2 172 (2.9%) -

New 1 - 110 (9.9%)

New 2 - 564 (50.6%)

New 3 - 251 (22.5%)

New 4 - 145 (13.0%)

New 5 - -

New 6 - 36 (3.2%)
Graft ischemic time (median hours, IQR) 3.0(2.3-3.7) 3.5(2.8-4.0) <0.001
Ex vivo perfusion 56 (0.9%) 9 (0.8%) 0.816
Distance from donor hospital to transplant center (median miles, IQR) | 90 (14-284) 296 (99-492) <0.001
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IQR, interquartile range; BMI, body mass index; ICU, intensive care unit; IV, intravenous; LVAD, left ventricular assist device; MCS, mechanical

circulatory support; IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane oxygenation; VAD, ventricular assist device
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Table 2.
Characteristics of donors stratified by donation before or after introduction of a new allocation system in
October 2018.
Allocation System
Variable Old New p-value
(n=6,004) (n=1,115)
Male gender 4,059 (67.6%) 769 (69.0%) 0.390
Donor age (median years, IQR) 31 (23-40) 32 (24-41) 0.030
Donor BMI (median kg/m2, IQR) 26.4(23.2-30.7) | 26.6 (23.6-30.6) | 0.241
Donor ethnicity 0.634
White 3,862 (64.3%) 710 (63.7%)
Black 982 (16.4%) 173 (15.5%)
Hispanic 957 (15.9%) 194 (17.4%)
Other 203 (3.4%) 38 (3.4%)
Donor history
Cigarette use 674 (11.2%) 115 (10.3%) 0.402
Cocaine use 1,509 (25.1%) 324 (29.1%) 0.007
Alcohol abuse 1,045 (17.4%) 201 (18.0%) 0.646
Diabetes 224 (3.7%) 36 (3.2%) 0.463
Hypertension 975 (16.2%) 176 (15.8%) 0.738
Cancer 88 (1.5%) 17 (1.5%) 0.988
Donor creatinine (median mg/dL, IQR) | 1.0 (0.8-1.5) 1.0 (0.8-1.6) 0.025
Donor bilirubin (median mg/dL, IQR) 0.7 (0.5-1.2) 0.7 (0.5-1.1) 1.000
Donor cause of death 0.008
Anoxia 2,265 (37.7%) 459 (41.2%)
Cerebrovascular/stroke 925 (15.4%) 174 (15.6%)
Head trauma 2,655 (44.2%) 440 (39.5%)
CNS tumor 30 (0.5%) 5(0.4%)
Other 127 (2.1%) 37 (3.3%)
ABO blood type 0.233
A 2,296 (38.2%) 400 (35.9%)
B 678 (11.3%) 129 (11.6%)
AB 149 (2.5%) 37 (3.3%)
o] 2,881 (48.0%) 549 (49.2%)

IQR, interquartile range; CNS, central nervous system
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Multivariable Cox Proportional Hazards model of freedom from post-heart transplant death or re-

transplantation

Table 3.

95% Confidence Interval

Predictor Hazard Ratio | Lower Upper p-value
New allocation system 1.18 0.90 1.55 0.228
Donor age (per 5 years) 1.09 1.05 1.12 <0.001
Recipient age (per 5 years) 1.05 1.01 1.08 0.004
Recipient male sex 0.93 0.78 1.10 0.379
Recipient ethnicity (reference: White)

Black 1.03 0.85 1.24 0.766

Hispanic 1.18 0.92 1.52 0.181

Other 0.91 0.64 1.30 0.616
Donor/recipient sex mismatch 1.09 0.88 1.34 0.432
Recipient heart failure etiology (reference: ischemic)

Non-ischemic dilated 0.92 0.69 0.98 0.026

Other 0.92 0.74 1.16 0.494
Recipient durable LVAD support 112 0.95 1.34 0.186
Recipient ECMO support 2.97 2.06 4.28 <0.001
Recipient temporary VAD support 1.10 0.71 1.73 0.667
Recipient IABP support 1.07 0.83 1.38 0.616
Recipient prior cardiac surgery 1.29 1.10 151 0.002
Graft ischemic time (per hour) 1.20 1.12 1.28 <0.001
Transplant center annualized volume

<25 (per 5 transplants) 0.87 0.82 0.93 <0.001

>25 (per 5 transplants) 1.19 1.09 1.30 <0.001
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LVAD, left ventricular assist device; ECMO, extracorporeal membrane oxygenation; VAD, ventricular assist device; IABP, intraaortic balloon

pump
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