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Abstract

Background: This study investigated the impact of transplanting center donor acceptance patterns on usage of extended-
criteria donors (ECDs) and posttransplant outcomes following orthotopic heart transplantation (OHT). Methods: The Scientific
Registry of Transplant Recipients was queried to identify heart donor offers and adult, isolated OHT recipients in the United
States from 1/1/2013-10/17/2018. Centers were stratified into 3 equal-size terciles based on donor heart acceptance rates
(<13.7%, 13.7%-20.2%, >20.2%). Overall survival was compared between recipients of ECDs ([?]40 years, left ventricular
ejection fraction <60%, distance [?]500 miles, hepatitis B, hepatitis C or human immunodeficiency virus, or [?]50 offers) and
recipients of traditional-criteria donors, and among transplanting terciles. Results: A total of 85,505 donor heart offers were
made to 133 centers with 15,264 (17.9%) accepted for OHT. High-acceptance programs (>20.2%) more frequently accepted
donors with LVEF <60%, HIV, HCV, and/or HBV, [?]50 offers, or distance >500 miles from the transplanting center (each
p<0.001). Posttransplant survival was comparable across all three terciles (p=0.11). One- and five-year survival were also
similar across terciles when examining recipients of all five ECD factors. Acceptance tier and increasing acceptance rate were
not found to have any impact on mortality in multivariable modeling. Of ECD factors, only age [?]40 years was found to have
increased hazards for mortality (HR 1.33, 95% CI 1.22-1.46, p<0.001). Conclusions: Of recipients of ECD hearts, outcomes are
similar across center-acceptance terciles. Educating less aggressive programs to increase donor acceptance and ECD utilization

may yield higher national rates of OHT without major impact on outcomes.

Introduction:

Cardiac transplantation remains the gold standard treatment for end stage heart failure', and despite the
growing prevalence of advanced heart failure in the United States, donor heart supply critically limits rates
of OHT?. This supply and demand mismatch is magnified by the fact that over 50% of offered donor hearts
are not accepted for transplantation®. The reduced utilization of certain donor hearts is largely tied to
the practice of rejecting organs that fall outside of strict donor selection criteria. This approach has been
adopted from literature that suggests worse outcomes among recipients of certain donor types and concerns
regarding regulatory reprimand for transplant centers with more pronounced mortality rates*. However,
donor selection is more nuanced than the strict donor guidelines suggest.

In addition to published donor selection criteria, other features must be considered when selecting an ap-
propriate donor. These include the clinical status and interactions of the donor-recipient pair, as well as the
clinical volume and available infrastructure of the transplanting center. Although each of these components
may impact the overall success of OHT with extended-criteria donor (ECD) hearts, higher transplant center
volumes have been linked to improved survival over lower volume centers despite transplanting higher-risk



recipients®®. Furthermore, higher volume OHT centers may obtain a degree of their transplant volume by
being more aggressive on the acceptance of donor hearts outside of the standard criteria. Considering the
shortage of available donor hearts and that ECD hearts may be an option to expand the available donor
pool, we investigated if the acceptance rates of ECD hearts varied among centers based on OHT volume and
if the acceptance of these organs impacted outcomes.

Materials and Methods:
Study cohort

The Scientific Registry of Transplant Recipients (SRTR) was utilized to obtain data on all adult patients
([?7]18 years) undergoing OHT in the United States between January 1, 2013 and October 17, 2018. Recipients
were followed until April 1, 2020. Patients undergoing concomitant OHT with another organ (e.g. heart-
liver, heart-lung, heart-kidney etc.) were excluded. Additionally, we excluded all recipients who underwent
OHT at centers performing less than 10 total OHTs during the study period. The following characteristics
were used to identify ECDs: donor age [?]40 years, left ventricular ejection fraction (LVEF) <60%, distance
from transplant center [?]500 miles, hepatitis B (HBV), hepatitis C (HCV) or human immunodeficiency virus
(HIV) positive, and donors with [?]50 offers prior to acceptance.

Center-level data

As mentioned, all patients undergoing OHT at centers performing fewer than 10 OHTs during the study
period were excluded, and the corresponding centers were also excluded from the analysis. Transplant centers
were stratified into three equal terciles based on OHT donor acceptance rates. Donor acceptance rates were
calculated by taking the number of donor hearts accepted and dividing by the total number of offers. Donors
were included in the analysis only if at least one solid organ was used for transplantation.

Statistical analysis

Continuous data are presented as mean + standard deviation for parametric data and median (interquartile
range, IQR) for non-parametric data. Categorical data are presented as number (percentage). Student’s t test,
analysis of variance (ANOVA), and Mann-Whitney U test were utilized for pairwise comparison of parametric
and non-parametric data, as indicated. Risk adjusted post-OHT mortality was evaluated using multivariable
Cox Frailty regression with random effects and transplant center as the nested variable. Statistical analyses
were performed using the SAS version 9.4 software package (SAS Institute Inc, Cary, NC).

Results
Study population and Donor Acceptance Rates

A total of 85,505 donor heart offers were made to 133 different centers, which resulted in 15,264 (17.9%)
accepted donor hearts and 15,222 (17.8%) OHTs during the study period. The average acceptance rate per
center was 19.1+10.8% (Table 1 ). The median donor acceptance rate was 16.9% [interquartile range (IQR)
12.1%-23.1%)]. The most common reasons for donor refusal were donor age in 53.9% (n=32,731) and distance
from transplanting center in 27.9% (n=16,911).

Of accepted donor hearts, 9.3% (n1=3,697) over were from donors older than 40 years, 15.4% (n=4,445) with
LVEF <60%, 3.9% (n=737) over 500 miles from the transplanting center, and 14.7% (n=604) with HIV,
HCV or HBV. Lastly, 1.6% (n=498) of donors with over 50 offers were ultimately accepted for OHT (Table
2).

Donor Acceptance Stratified by Transplant Center Volume

Transplant centers were stratified into 3 terciles by the center’s donor acceptance rate, which included low-tier
(<13.7%), mid-tier (13.7%-20.2%), and high-tier (>20.2%) (Table 3 ). Among the center terciles, mid-tier
and high-tier programs were more likely to accept ECD organs. Specifically, donors over 40-years were most
commonly accepted by mid-tier programs (41.7% vs 48.2% vs 43.8%, p<0.001). However, high-tier programs
more frequently accepted donor offers with LVEF <60% (8.9% vs 14.4% vs 26.2%, p<0.001), HIV, HCV,



and/or HBV (6.9% vs 11.4% vs 25.2%, p<0.001), donors with [?]50 offers (0.6% vs 1.4% vs 3.4%, p<0.001),
and donors >500 miles from the accepting center (1.3% vs 2.6% vs 8.7%, p<0.001). Despite higher rates of
acceptance in mid- and high-tier programs, in some categories, such as patients with LVEF <60%, low-tier
programs had a higher volume of donor offers.

OHT Outcomes Stratified by Donor Acceptance Tercile

The rates of 30-day (3.6% vs 3.9% vs3.4%, p=0.44) and 1-year (9.5% vs 8.7% vs 8.7%, p=0.29) mortality were
comparable among the three terciles (Table 4 ). The rates of post-OHT stroke, retransplantation, permanent
pacemaker placement, and cardiac reoperations were similar between the terciles. The post-transplant length
of stay (24.0 [+- 29.2] vs 22.3 [+- 24.3] vs 21.1 [+- 22.9] days, p<0.001) was longest in the lowest tercile.
Rates of renal failure requiring dialysis (12.57% vs 13.99% vs 12.38%, p=0.03) and drug treated rejection
(12.19%. vs 12.83% vs 9.89%, p<0.001) were highest in the middle tercile. The tercile-specific survival and
retransplantation rates were similar among recipients who received donor hearts with LVEF <60%, HIV,
HCV or HBV, >500 miles from the transplant center, and those with >50 offers (Supplemental Table 1
). However, recipients of older donor hearts (>40 years) had similar survival between the terciles but higher
rates of retransplantation in the highest tercile.

Associations between Mortality and Extended Risk Criteria

We compared the outcomes of the recipients receiving ECD hearts to those who received traditional-criteria
donor hearts. We noted similar long-term mortality between the recipients of donor hearts with LVEF <60%
compared to those with LVEF >60% (15.3% vs 14.8%, p=0.52), those with >50 offers compared to [?] 50
offers (15.1% vs 16.7%, p=0.32), HCV, HBV, and HIV positive versus negative donors (15.2% vs 13.2%,
p=0.18), and donors >500 compared to [?]500 miles from the transplant center (15.1% vs 16.0%, p=0.51)
(Supplemental Table 2 ). However, when compared to recipients of donors [?]40 years, recipients of donor
hearts >40 years of age had higher rates of overall post-OHT mortality (14.1% vs 18.4%, p<0.001).

Recipient Characteristics Stratified by Center Tercile

Recipients in low-tier centers were younger at listing (55 years [IQR 44-62] vs 56 years [IQR 46-63] vs 56
years [IQR 47-63], p<0.001) (Supplemental Table 3). Furthermore, low-tier recipients were more likely
to be black race (26.6% vs 21.9% vs 20.8%, p<0.001), to have less education than a college degree (52.3% vs
54.5% vs 60.9%, p<0.001), to be bridged to transplant with an LVAD (54.1% vs 52.0% vs 35.7%, p<0.001),
and to have the lowest serum bilirubin levels (0.60 mg/dL [IQR 0.4-1.0] vs 0.7 mg/dL [IQR 0.4-1.0] vs 0.7
mg/dL [IQR 0.5-1.1], p<0.001). In the high-tier programs, recipients were more commonly blood type O
(37.8% vs 37.8% vs 41.2%, p<0.001), have allograft failure requiring retransplantation (2.8% vs 3.1% vs
3.8%, p=0.017), and to be status 1A at the time of OHT (28.7% vs 26.4% vs 29.7%, p<0.001).

Donor Characteristics Stratified by Center Acceptance Tercile

Of donor hearts accepted and transplanted each tercile, high-tier centers more commonly utilized hearts
from female donors (28.6% vs 29.9% vs 31.1%, p=0.03) (Supplemental Table 4 ). High-tier centers were
also more likely to accept higher-risk donors including HCV, HBV, and HIV positive donors (2.8% vs 3.2%
vs 5.0%, p<0.001), donors >500 miles from the transplant center (2.6% vs 3.7% vs 6.5%, p<0.001), and
donors older than 40 years (22.1% vs 23.3% vs 25.8%, p<0.001). The rates of acceptance for donor hearts
with LVEF <60% was similar across the terciles (p=0.28).

Multivariable Cox Regression for Mortality

Cox Frailty modeling was conducted to investigate associations between center acceptance rates and ECD
risk factors on overall mortality. In a multivariable model, higher tier centers with greater donor acceptance
rates were not found to have significant impacts on mortality (mid-tier HR 0.91; 95% CI 0.8-1.1; p=0.30
and high-tier HR 0.9; 95% CI 0.79-1.1; p=0.24) (Supplemental Table 5 ). With the exception of donor
age >40 years, all ECD risk factors were not associated with hazards for mortality in univariate analysis
(all, p>0.05), and were not included in the multivariable model. Recipients of donor hearts older than



40 years had a 33% (HR 1.33, 95% CI 1.22-1.46, p<0.001) increased hazard for posttransplant mortality.
Other risk factors for posttransplant mortality included recipient creatinine >1.5 mg/dL (HR 1.23; 95%
CI 1.1-1.4; p<0.001), graft ischemic time >180 minutes (HR 1.2; 95% CT 1.1, 1.3; p=0.001), and pre-OHT
extracorporeal membrane oxygenator support (HR 2.3; 95% CI 1.6, 3.1, p<0.001).

In a univariate analysis, donor acceptance tier was not associated with mortality across most ECD risk
factors (over 50 offers, over 500 miles from the transplant center, and HCV, HBV or HIV positive) (all,
p>0.05) (Supplemental Table 6 ). In donors with LVEF <60%, high-tier was associated with decreased
hazards for mortality (HR 0.79; 95% CI 0.63-0.00, p=0.039).

Estimated Longitudinal Survival

Long-term Kaplan Meier survival rates among low-, mid-, and high-acceptance terciles were comparable at
1-year and 5-years (Figure 1la ).

Of OHT recipients of whom accepted donors were >40 years old, 1-year (89.4% vs 88.3% vs 88.7%) and 5-
year (76.3% vs 74.8% vs 75.9%) posttransplant survival were comparable across acceptance terciles (p=0.89)
(Figure 1b ). For recipients of donors with LVEF <60%, survival at 1-year (99.8% vs 90.9% vs 91.6%)
and 5-years (78.4% vs 80.1% vs 80.9%) was similar across terciles (p=0.12) (Figure 2a ). Recipients who
were transplanted with donors from >500 miles from their transplant center also had comparable survival
at l-year (92.7% vs 91.6% vs 89.3%) and 5-years (78.5% vs 77.8% vs 77.7%) regardless of center volume
tercile (p=0.89) (Figure 2b ). Furthermore, posttransplant survival from donors with >50 offers were also
similar at 1-year (92.6% vs 95.2% vs 89.5%) and 5-years (77.3% vs 80.3% vs 76.9%) among the three terciles
(p=0.34) (Figure 3a ). Finally, recipients who were transplanted with HBV, HCV or HIV positive donor
hearts also had comparable survival between the acceptance-based center terciles at 1-year (85.0% vs 91.6%
vs 91.0%) and 5-years (69.7% vs 72.4% vs 78.2%) post-OHT (p=0.24) (Figure 3b ).

Discussion

Waitlisted candidates often face certain disparities when seeking a donor heart for transplantation, both in
organ availability and posttransplant outcomes. The etiology of these disparities is multifactorial, including
blood type?, race and socioeconomic factors'?, and even geographic features''. These disparities are likely
driven and compounded by the relative scarcity of available organs for transplantation, as 3,500 OHT's were
performed in the United States in 2019'2 but an additional 3,500 remain waitlisted!3. Furthermore, it is
reasonable to suspect that a candidate’s access to donor organs is also affected by their transplanting center’s
aggressiveness and likelihood to accept both traditional donors and ECDs. The transplanting provider team
may face an interesting compromise during this selection process, balancing the pressure of selecting the
“best” possible donor for each recipient, but also ensuring as many candidates are given the opportunity to
receive a transplant.

The shortage of available donor organs has led to an increase in transplantation of donor organs outside of
the standard criteria for organ donation (i.e. ECDs) with acceptable outcomes noted in the lung, kidney
and liver transplant populations'4 6. However, despite progress in other areas of organ transplantation,
the outcomes following the utilization of ECDs in OHT have not been well described!”. There is wide
variability in organ acceptance practices at OHT centers across the United States and this has been shown
to impact waitlist survival with candidates listed at centers with lower acceptance rates having higher waitlist
mortality'®. This variability demonstrates that the acceptability of certain organs is not well established,
and while one center may accept the organ for OHT, another may reject, further reducing the potential
donor pool. In fact, over 50% of donor hearts offered in the United States are rejected for OHT'®. Donor
hearts with unclear acceptability patterns tend to be outside of the traditionally accepted donor criteria
but may still be potentially suitable for transplantation®. Furthermore, considering that centers with more
aggressive donor acceptance rates have been shown to have superior post-OHT outcomes when compared to
centers with lower volumes??, uncertainty exists as to if there is a volume-relationship between the use of
ECDs in OHT and if an association exists between ECD recipient’s outcomes. This study aims to address
these remaining questions.



This analysis highlights several interesting findings. First and less surprising, aggressive transplanting centers
are more frequently utilizing donors with extended-criteria features. However, long-term results for these
centers does not seem to be negatively impacted in comparison to centers with less frequent ECD usage.
Second, in candidates who receive donation from a donor with extended-criteria features, long-term outcomes
do not appear to be influenced by the aggressiveness and relative volume of the transplanting center. Lastly,
in comparison to recipients of traditional criteria organs, recipients of ECD organs did not demonstrate any
differences in overall survival in four of the five extended-criteria factors. Only donor age >40 years was
found to have increased hazards for posttransplant mortality.

Study Implications

This study demonstrates that there is wide variability in the acceptance of extended criteria donors among
low-, mid-, and high-tier centers, yet the survival rates of recipients of ECD hearts are comparable regardless
of center volume/aggressiveness. These findings suggest that widespread adoption of higher ECD utilization
practices may increase donor heart availability in the United States without an adverse impact on posttrans-
plant outcomes. When evaluating donors with extended-criteria features, donor age appears to be the only
factor with potential impact on long-term outcomes.

The donor selection process is admittedly variable and subjective to a multitude of factors. Centers often
reflect on their recent outcomes and adjust aggressiveness in donor acceptance accordingly. For example, a
center with several recent posttransplant deaths may become more conservative in selecting donors. This
sometimes can make associations difficult to ascertain between center aggressiveness, transplant volume, and
outcomes, as it can become unclear which factor contributed to the other. Nonetheless, there is a general
understanding amongst physicians involved in OHT that considerable variability exists not only between
programs but amongst providers in the same institution. Donor characteristics that may lead one center or
provider to decline an offer are considered negligible by others. Further complicating this issue is the status
of the recipient. Recipients who are declining clinically may have less time to wait for a suitable donor,
thus making the center more aggressive in their donor acceptance behavior. The current analysis cannot
account for all of these potential influencing factors but does ultimately suggest that centers who have higher
donor acceptance rates and greater ECD utilization do not seem to be adversely impacted with regards to
posttransplant outcomes of their recipients. A better in-depth understanding of donor selection criteria and
practice by these centers with potential education of less aggressive programs may yield higher rates of OHT
nationally without a detrimental impact on outcomes.

Limitations

This study was prone to limitations. First, this was a retrospective and non-randomized review of donor
heart offers and acceptances. As such, its study design may be subject to selection bias. It is possible that
some transplanting centers may receive disproportionately higher or lower quality heart offers, which may
affect center acceptance rates and outcomes of this study. While there is no quantitative metric of overall
quality of a heart offer, we did attempt to eliminate donor offers that were likely of poor quality as evidenced
by receiving no acceptances of any solid organs from that donor. Furthermore, on multivariable analysis,
we adjusted for possible confounding donor and recipient risk factors that may influence posttransplant
survival. It is possible that additional unmeasured variables may have influenced these results. Lastly, to
prevent possible bias from including highly inexperienced centers, we removed all centers that performed less
than 10 transplants within the 5-year study period.

Conclusions

In this study of 85,505 donor heart offers across the United States to 133 different centers, 15,264 (17.9%)
resulted in acceptance for OHT. Centers range considerably with regards to donor heart acceptance rates.
In centers with higher acceptance rates, there was a higher utilization of ECDs, yet one- and five-year
posttransplant survival were comparable to less aggressive transplanting centers. Additionally, of the five
ECD factors, only donor age >40 years was associated with higher risk for posttransplant mortality. This
data suggests that transplanting centers, regardless of aggressiveness and clinical volume, can safely utilize



ECDs with the other four risk factors (LVEF <60%, >500-mile distance, >50 previous offers, and HIV, HCV,
or HBV positive) and achieve comparable posttransplant outcomes. Expansion of these donor criteria may
help alleviate the relative organ shortage in the wake of an increasing heart failure population. Furthermore, a
more in-depth understanding of donor acceptance practices in more aggressive centers with possible education
and transfer of these practices to less aggressive centers may yield more OHT's nationally without an adverse
impact on outcomes.
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Table 1. Total number of cardiac donor offers, acceptances, and refusals by year.

2013 2014 2015 2016 2017 2018

Total

Number 116 123 118 120 118 119
of trans-

planting

centers

Total 14,327 15,821 12,738 13,634 14,422 14,563
offers

among

centers

Total 2,142 2,258 2,351 2,755 2,820 2,938
offers

accepted

among

centers

Average 16.65% 16.38% 20.05% 21.65% 23.23% 22.2%
center (11.66) (14.06) (13.89) (14.84) (19.36) (13.14)
acceptance

rate, %(SD)

133

85,505

15,264

19.05%
(10.83)



2013 2014 2015 2016 2017 2018 Total
Median 13.65% 12.80% 17.62% 19.37% 19.21% 19.56% 16.85%
center (9.40-21.21)  (8.69-21.72)  (11.42- (12.61- (12.07- (14.28- (12.06-
acceptance 26.32) 28.81) 26.66) 26.87) 23.08)
rate, %
(IQR)
Number of 10,746 11,636 8,987 9,408 10,066 9,860 60,703
offers
refused
Offers 6,064 6437 4760 4936 5413 5121 32731
Refused (56.43%) (55.32%) (52.96%) 52.46%) (53.77%) (51.93%) (53.92%)
because of
donor age
IQR, interquartile range; SD, standard deviation
Table 2. Donor offers accepted by different donor characteristics
Total Offers Accepted Offers

Age over 40 years 39,955 3,697 (9.25%)

LVEF <60% 28,798 4,445 (15.44%)

Distance over 500 miles 18,959 737 (3.89%)

HIV, HBC, or HCV positive 4,124 604 (14.65%)747

50 total offers 31,851 498 (1.56%)
HBYV, Hepatitis B virus; HCV, Hepatitis C virus; HIV, human immunodeficiency virus; LVEF, left ventricular
ejection fraction
Table 3. Rates of extended-criteria donor acceptance by center tercile

Low-Tier Mid-Tier

Center Donor Acceptance, % <13.71% 13.71% - 20.21
Number of centers 44 44
Total offers 32,402 28,268

Donor age over 40

Total offers

Acceptance frequency (%)

Donor LVEF <60%

Total offers

Acceptance frequency (%)

Donor HIV, HBC, or HIV positive
Total offers

Acceptance frequency (%)

Donor with >50 offers placed

Total offers

Acceptance frequency (%)

Donor >500 miles from transplanting center
Total offers

Acceptance frequency (%)

Donor age over 40

15,459 (41.71%)

752 (4.86%)

Donor LVEF <60%

11,531 (35.66%)

1,026 (8.88%)

Donor HIV, HBC, or HIV positive
1,384 (4.27%)

96 (6.94%)

Donor with >50 offers placed
13,045 (40.26%)

81 (0.62%)

Donor >500 miles from transplanting center
6,738 (20.80%)

90 (1.34%)

Donor age ove
13,613 (48.16%)
1,093 (8.03%)
Donor LVEF -
9,264 (32.77%)
1,330 (14.36%)
Donor HIV, E
1,321 (4.67%)
151 (11.43%)
Donor with >
10,993 (38.89%)
148 (1.35%)
Donor >500 r
6,744 (23.86%)
173 (2.57%)




HBYV, Hepatitis B virus; HCV, Hepatitis C virus; HIV, human immunodeficiency virus; LVEF, left ventricular
ejection fraction

Table 4. Orthotopic heart transplant recipient outcomes stratified by center acceptance rate
tercile

Low-Tier Mid-Tier High-Tier P-Value
Number of recipients 3,414 4,683 7,125
Mortality
30-day 122 (3.57%) 182 (3.89%) 245 (3.44%) 0.440
1-year 325 (9.52%) 406 (8.67%) 616 (8.65%) 0.203
Long-term 558 (16.34%) 692 (14.78%) 1053 (14.78%)  0.080
Posttransplant follow up, years 2.43 (1.03- 4.00) 2.15 (1.02- 4.00) 2.48 (1.03- 4.00)
Re-transplant 18 (0.53%) 20 (0.43%) 50 (0.70%) 0.142
Median time to retransplant, years 1.83 (0.02- 3.60) 1.90 (0.05- 2.90) 1.87 (0.02- 3.40)
Hospital length of stay, days 24.0 £ 29.2 22.3 £24.3 21.1 £ 229 <0.001
Average waitlist time, days 337 £ 442 268 + 386 188 + 325 <0.001
Renal failure requiring dialysis 429 (12.57%) 655 (13.99%) 882 (12.38%) 0.031
Permanent pacemaker 95 (2.78%) 142 (3.03%) 196 (2.75%) 0.647
Stroke 92 (2.69%) 144 (3.07%) 206 (2.89%) 0.601
Reoperation 126 (3.69%) 172 (3.67%) 255 (3.58%) 0.945
One-year drug-treated acute rejection 416 (12.19%) 601 (12.83%) 705 (9.89%) <0.001
Drug-treated infection 244 (7.15%) 335 (7.15%) 461 (6.47%) 0.252

Figure Legends:

Figure 1. Kaplan Meier posttransplant survival comparison of donor acceptance terciles in a) overall all
transplant recipients and b) recipients of donors greater than 40 years

Figure 2. Kaplan Meier posttransplant survival comparison of donor acceptance terciles in a) recipients of
donors with left ventricular ejection fraction <60% and b) recipients of donors greater than 500 miles from
transplanting center

Figure 3. Kaplan Meier posttransplant survival comparison of donor acceptance terciles in a) recipients
of donors who have received more than 50 offers and b) recipients of donors that are HIV, HBV, or HCV
positive
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