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ABSTRACT

Background: Transplant centers saw a substantial reduction in deceased donor solid organ transplan-
tation since the beginning of the coronavirus 2019 (COVID-19) pandemic in the United States. There is
limited data on the impact of COVID-19 on adult and pediatric heart transplant volume and variation
in transplant practices. We hypothesized that heart transplant activity decreased during COVID-19 with
associated increased waitlist mortality.

Methods: The United Network for Organ Sharing (UNOS) database was used to identify patients at the
time of listing for heart transplant from 2017-2020. Patients were categorized as pediatric (<18 years) or
adult (>18 years) and as pre-COVID (2017-2019) or post-COVID (2020). Regional and statewide data were
taken from United States Census Bureau. CovidActNow project was used to obtain COVID-19 mortality
rates.

Findings: Among pediatric patients, average time on the waiting list decreased by 28 days. Even though
the average number of pediatric transplants (n=39 per month) did not change significantly during 2020,
there was a temporal decline in the first quarter of 2020 followed by a sharp increase. Overall abso-
lute pediatric waitlist mortality decreased from 531 to 4-73, however female mortality increased by 2%.
Regional differences in pediatric mortality were observed: Northeast, decreased by 7-5%; Midwest, de-
creased by 9%; West, increased by 3-5%; and South, increased by 13%. North Dakota (0-55), Oklahoma
(0-21) and Hawaii (0-33) showed higher mortality than other states per 100,000. In adults, average time
on waiting list increased by 40 days and there was an increase in the number of transplants from 242 to
266. Adult waitlist mortality had a larger decrease, 18-44 to 1570, with an increase in female mortality
of 7%. Regional differences in adult mortality were also observed: Northeast, decreased by 3%; Midwest,
increased by 55%; West, increased by 4<5% and South, decreased by 5%. lowa (0-37), Wyoming (0-22),
Arkansas (0-18) and Vermont (0-19) had the highest mortality per 100,000 compared to the other states.

Interpretation: Pediatric heart transplant volume declined in early 2020 followed by a later increase,
while adult transplant volume increased all year round. Although, overall pediatric waitlist mortality de-
creased, female waitlist mortality increased for both adults and pediatrics. Regional differences in waitlist
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mortality were observed for both pediatrics and adults. Future studies are needed to understand this ini-
tial correlation and to determine the impact of COVID-19 on heart transplant recipients
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not-for-profit sectors.
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Research in context

Evidence before this study

In the United States, approximately 40,000 patients re-
ceive an organ transplant every year, but 120,000 patients re-
main on a waiting list for transplantation, with 7600 patients
dying annually while waiting for an organ, if one were to
look at data from UNOS. The cardiovascular community faces
even more challenges as the organ supply is even further
limited for hearts. COVID-19 pandemic has had severe impli-
cations for patients on the waiting list as they are both at
increased risk of acquiring COVID-19 infection and suffering
from progression of their original end-organ disease. Many
centers in the United States deactivated patients on trans-
plant waiting lists while transplanting patients with severe
illness with highest waitlist mortality as evidenced by data
obtained from UNOS and earlier institutional reports pub-
lished.

When we searched PubMed from Jan 2020 till Dec 2020
for published research articles using the terms “COVID-19”,
“heart transplantation”, “pediatric heart transplant”, “waiting
list mortality”, there was hardly any data that existed. Few
(< 5) studies look at very early results of COVID-19 on heart
failure and heart transplant practices as the pandemic began
but none thereafter. Many centers across United States have
adopted new policies and practices that have either changed
or evolved to cater for high-risk transplant patients. There-
fore, we decided to study the evolution of the initial trend
in the heart transplant community and how that applied to
adult and pediatric end-stage heart failure patients.

Added value of this study

This study reports that even though pediatric heart trans-
plant volume declined in early 2020, there was an increase
towards the latter part of the year implying that centers
started to adjust, and developed policies to adapt to the new
norm. On the other hand, due to multiple factors, transplant
volume in adults continued to increase.

Additionally, our study highlights that overall waitlist
mortality decreased for both pediatrics and adults, presum-
ably due to changes in listing status, delays in non-urgent
evaluations and decreased in heart failure hospitalizations.
Surprisingly, we noticed that there were gender and ethnic
differences in waitlist mortality during the pandemic that
need to be explored further to better understand as we
emerge from this pandemic.

Implications of all the available evidence

The findings in this study shed light on the changing na-
tional practice of waitlisting and transplantation in pediatric
and adult heart transplant patients. The study highlights how
the heart transplantation community has adapted to the new
social distancing norms and dealt with the pandemic. Fur-
thermore, it sheds light on gender, ethnic and regional dif-
ferences in wait list outcomes that would pave the way for
future studies. We do hope to learn and better understand
these trends as we emerge from this pandemic.

1. Introduction

The novel coronavirus 2019 (COVID-19) pandemic of severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) brought
unprecedented challenges for healthcare systems worldwide. Af-
ter initially being reported in Wuhan, China in December of 2019,
COVID-19 was classified as a pandemic by the World Health Or-
ganization on March 11th, 2020. Due to minimal knowledge and
absence of treatment, many governments opted for suspension of
nonessential services and lockdowns. This included suspension of
many nonessential medical procedures, resulting in disruption of
numerous medical communities.

The heart transplant (HT) community implemented various
changes in response to COVID-19 [1]. Due to the overwhelming
burden of COVID-19, a substantial negative effect on worldwide or-
gan donation and transplantation followed. Patients active on the
waiting list and transplant recipients encountered increased risk of
both acquiring COVID-19 and progression to severe disease. Nu-
merous centers across the United States deactivated patients on
transplant waiting lists, reserving the organs for the most severe
patients with highest risk of waitlist mortality [1]. Simultaneously,
hospitalizations for heart failure patients decreased by 50% [2].
This was accompanied by regional changes in health policies fur-
ther impacting the transplant practices.

In the United States, transplant centers saw a substantial re-
duction in deceased donor solid organ transplants since the be-
ginning of the COVID-19 pandemic [3]. Heart transplant volumes
were significantly affected, even in regions with a lower prevalence
of COVID-19 cases [4]. This was accompanied by increased wait-
list inactivations, decreased waitlist additions and decreased donor
recovery [4]. However, there is limited data on the continued im-
pact of COVID-19 on adult and pediatric heart transplant volume,
as well as national and regional variation in transplant practices.
The purpose of this study is to highlight the heart transplant wait-
list mortality during the pandemic and assess variations in heart
transplant volume among adult and pediatric population. We hy-
pothesized that heart transplant activity decreased during COVID-
19 with associated increased waitlist mortality.

2. Methods

We conducted a retrospective study of data from the Stan-
dard Transplant Analysis and Research (STAR) file, obtained from
the United Network for Organ Sharing (UNOS) as the contractor
for the Organ Procurement and Transplantation Network (OPTN).
The data is accessible from http://optn.transplant.hrsa.gov/data/
request-data/ and contains records of solid organ transplants oc-
curring in the United States between 1987 and 2020 [5]. UNOS
uses an online database system, called UNet, to collect, store, ana-
lyze and publish all OPTN data that pertains to the patient waiting
list, organ matching and number of transplants performed. Trans-
plant cases are submitted by 57 Organ Procurement Organizations
and over 250 transplant hospitals across the United States.

Data was extracted from the deceased donor dataset and the
thoracic dataset. For the mortality calculations, we excluded de-
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ceased recipients who required multiple organs or died prior to
2017. For waiting list statistics, we included any patient on the list
between 2017-2020, including those added prior to 2017. Only pa-
tients whose permanent home was within the United States were
included. Patients were then separated into pediatric (< 18 years)
and adult (>18 years) datasets for further analysis. Demographic
data included Age, Weight, Sex, Blood type, Race and Ethnicity.
Additional demographic data for states and regions was re-
trieved from US Census data [6]. Regions were defined based
upon US census designation as Northeast, South, Midwest and
West. Data from the CovidActNow project, accessible from
https://covidactnow.org/, was used for Covid-19 mortality rates [7].

2.1. Statistical Analysis

Descriptive statistics were used to report the specific frequen-
cies and distributions of the demographic factors, along with delta
shifts among transplant, waitlist and mortality rates within geo-
graphic regions for pediatric and adult populations. More detailed
statistical approaches were not pursued due to limitations in the
data. The assumption of statistical significance was invalidated due
to the different approaches taken by states in handling the pan-
demic. All statistical analyses were conducted in the IPython envi-
ronment using Jupyter in Anaconda [8-10]. Data manipulation was
performed using the Numpy and Pandas packages [10-12]. Graphs
were made using Matplotlib [13]. Because of the high quality of
the data provided from the registry, extensive data manipulation
or other data cleaning techniques were not required.

2.2. Role of the funding source

This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

3. Results
3.1. Demographics

Demographics for all registered waiting list members are shown
in Table 1. We divided the adult and pediatric populations into Pre-
COVID cohort (2017-2019) and COVID cohort (2020). For the adult
population, age and weight remained similar. Days on the wait-
ing list during the pandemic were reduced to a third of the pre-
pandemic value. Small shifts in gender were observed, with males
increasing by ~1%. Small regional shifts were also observed, with
the Northeast and Midwest decreasing slightly, the West increas-
ing slightly, and the South remaining essentially unchanged. Small
shifts in blood type were observed, with both O and AB increas-
ing slightly, A decreasing slightly and B remaining essentially un-
changed. There was an ~2% decrease in White population, which
was offset by an increase in Black population. Proportion of His-
panic population decreased slightly by ~0-2%.

Similar trends for age, weight and wait list time in the adult
population were also observed in the pediatric population. A slight
shift towards males was observed. Decreases in waiting list par-
ticipants from the Northeast (~2%) were offset by increases in all
other regions. Blood type composition did not markedly change,
with only a small increase in A and AB, offset by decrease in O
ad B. White population decreased by ~3%, which was offset by an
increase in the Black population. Other populations remained es-
sentially unchanged. Ethnicity remained essentially unchanged for
pediatric population.

3.2. Waitlist mortality

Demographics for waitlist mortality are shown in Table 2. For
adult population, age and weight was similar between Pre-COVID

The Lancet Regional Health - Americas 3 (2021) 100060

and COVID eras. Average days on waiting list increased by ~40
days. Shifts in mortality demographics were observed at the onset
of Covid-19. Mortality increased in the female population by ~1%.
Mortality decreased in the Northeast and South for adults, while
mortality remained constant in the Midwest and West. Mortality
for Type B increased by ~0.5%, with decreased in mortality for all
other blood types. White, Asian and Multiracial mortality all de-
creased. Black, Hispanic and Pacific Islander mortality remained ef-
fectively unchanged. Native American mortality increased. No mul-
tiracial deaths were recorded in 2020. Mortality changes decreased
in non-Hispanic population, while remaining unchanged in the
Hispanic population.

For pediatric population, age increased by 05 years and days on
the waiting list decreased by ~28 days. Shifts in sex demographics
showed a decrease in male mortality offset by an increase in fe-
male mortality. Regional differences were also observed. Pediatric
mortality decreased by approximately half from ~11:7% to ~6+5%
in the Northeast. A decrease was also observed in the Midwest,
with a drop-in mortality of almost 5%. Mortality in the West re-
mained effectively unchanged, while the South had an increase of
~1.5%. Trends for O, A and B blood types in pediatrics mirrored
trends observed in adult population. Blood type AB approximately
tripled in the pediatric population. Mortality decreased for white,
black and American Native pediatric populations. Hispanic mor-
tality remained essentially unchanged. Asian, Pacific Islander and
Multiracial mortality all increased. Deaths by ethnicity followed
similar trends to the adult population.

Deaths on the waiting list for pediatric and adult populations
are shown in Figure 1. Decreases in the average deaths Pre-COVID
and COVID are observed for both pediatric and adult populations.
Average number of pediatric deaths decreased from 531 to 473
per month. A larger decrease was observed for adults, decreasing
from 18-44 to 15-70 per month. Additionally, the average num-
ber of discarded hearts Pre-COVID and during COVID were calcu-
lated and found to have increased from 2+67 to 3-38. However, this
would not have significantly contributed to the observed wait list
mortality rate.

3.3. Transplant volume and regional variation

The average number of monthly pediatric transplants did not
change after COVID onset (39 versus 39; Fig. 2). However, there
was an increase in the average number of monthly transplants
in adults from 242 to 266 after the onset of COVID-19. For both
populations, an initial decrease in the number of transplants af-
ter COVID-19 onset was followed by an increase in the number of
transplants performed.

Mortality rate by region for both pediatric and adult popula-
tions are shown in Fig 3. For pediatric populations, the mortality
rate decreased in the Northeast and Midwest, while increasing in
the South. The West remained effectively unchanged. For the adult
population, both the Northeast and South experienced a decreased
mortality rate. Both the Midwest and the West however experi-
enced no effective change.

Transplant rate per 100,000 by region (Fig. 4) revealed a de-
crease in the number of pediatric transplants for the Northeast and
the West, while the Midwest and the South had increases in the
transplant rate. For the adult population, the Northeast remained
effectively unchanged, while the transplant rate for all other re-
gions increased. The South in particular had the largest increase in
transplants, while the West and Midwest had smaller increases.

Changes from the Pre- COVID to COVID era are summarized in
Table 3. For the adult population, waiting list deaths decreased by
~15%, while transplants increased by ~10%. Regionally this was re-
flected by a decrease in the Northeast and the South, with smaller
increases in the Midwest and the West. Transplant rates remained
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Demographic table for all waiting list members divided into adult and pediatric populations and separated by Pre-COVID and COVID. Sex, region, blood type, race
and ethnicity are all shown as a percentage of the total population for that group.

Age (yrs.)
Weight (kg)
Days on Waiting List
Sex

Male

Female
Region
Northeast
South
Midwest
West

Blood Type
0]

A

B

AB

Race

White

Black
Hispanic
Asian
American Native
Pacific Native
Multiracial
Ethnicity
Hispanic
Non-Hispanic

Adult (N=15489)

2017-2019 (N=11883) Mean (SD)
52:97 (12.77)

8511 (19.04)

24481 (298.53)

8685 (73+09%)
3198 (26+91%)

2277
4662
2740
2204

19-16%
39-23%
23-06%
1855%

5186 (43+64%)
4441 (37-37%)
1715 (14-43%)
541 (455%)

7398 (62:26%)
2896 (24-37%)
1062 (8-94%)
392 (3-30%)
37 (0-31%)

35 (0-29%)

63 (0-53%)

1075 (9-05%)
10808 (90-95%)

Pediatric (N=2596)

2020 (N=3606) Mean (SD)
5318 (12+74)

8545 (18+65)

7017 (85-17)

2675 (7418%)
931 (25-82%)

659 (18-28%)
1429 (39-63%)
825 (22-88%)
693 (19:22%)

1595 (44-23%)
1301 (3608%)
517 (14-34%)
193 (5-35%)

2165 (60-04%)
940 (26-07%)
314 (8:71%)
140 (3-88%)

8 (0-22%)

17 (0-47%)

22 (0-61%)

319 (8-85%)
3287 (91-15%)

2017-2019 (N=1989) Mean (SD)
6+04 (6+24)

25.71 (25-90)

176+41 (241-29)

1095 (55-05%)
894 (44-95%)

248 (12-47%)
846 (42-53%)
483 (24+28%)
412 (20-71%)

953 (47-91%)
693 (34-84%)
263 (13-22%)
80 (4-02%)

1032 (51-89%)
408 (20-51%)
391 (19-66%)
65 (327%)

12 (0-60%)

13 (0-65%)

68 (3+42%)

405 (20-36%)
1584 (79-64%)

2020 (N=607) Mean (SD)
5.82 (6+28)

26+09 (27-26)

84+65 (79-89)

338 (55-68%)
269 (44-32%)

62 (10-21%)

261 (43-00%)
153 (25:21%)
131 (21+58%)

289 (47-61%)
216 (35:58%)
76 (1252%)
26 (4-28%)

294 (48-43%)
150 (24-71%)
117 (19-28%)
20 (3+29%)

5 (0-82%)

3 (0-49%)

18 (2:97%)

123 (20-26%)
484 (79-74%)

Table 2

Demographic table for waiting list fatalities divided into adult and pediatric populations and separated by Pre- COVID and COVID. Sex, region, blood type,
race and ethnicity are all shown as a percentage of the total population for that group on the waiting list.

Age (yrs.)
Weight (kg)
Days on Waiting List
Sex

Male

Female

Region
Northeast
South
Midwest

West

Blood Type

0]

A

B

AB

Race

White

Black

Hispanic

Asian
American Native
Pacific Islander
Multiracial
Ethnicity
Hispanic
Non-Hispanic

Adult (N=833)

2017-2019 (N=664) Mean (SD)
53.75 (12:35)

8811 (20-39)

43848 (671+37)

524 (6-03%)
140 (4-38%)

158 (694%)
283 (6:07%)
137 (5+00%)
86 (3-90%)

365 (7-04%)
196 (4-41%)
81 (472%)
22 (4-07%)

433 (5-85%)
153 (5-28%)
52 (4:90%)
16 (4-08%)
3 (8+11%)

2 (5:71%)

5 (7:94%)

53 (4:93%)
611 (5°65%)

Pediatric (N=244)

2020 (N=169) Mean (SD)
5358 (12+38)

8860 (18:51)

473+97 (691-48)

121 (452%)
48 (5-16%)

34 (5-16%)
64 (4-48%)
43 (5:21%)
28 (4-04%)
99 (6:21%)
39 (3-00%)
27 (522%)
4 (2:07%)

99 (4+57%)
47 (5-00%)
16 (5-10%)
5 (3:57%)
1 (12-50%)
1 (5-88%)
0 (0%)

16 (502%)
153 (4+65%)

2017-2019 (N=191) Mean (SD)
3:17 (4+97)

15+10 (20+51)

14421 (278+59)

101 (9-22%)
90 (10-07%)

29 (11-69%)
80 (9-46%)
49 (10-14%)
33 (8-01%)

90 (9-44%)
67 (9-67%)
29 (11-03%)
5 (6-25%)

87 (8-43%)
46 (11-27%)
40 (10-23%)
6 (9-23%)

2 (16+67%)
3 (23-08%)
7 (10-29%)

44 (10-86%)
147 (9-28%)

2020 (N=53) Mean (SD)
3467 (5-38)

14-93 (17-31)

11683 (176-05)

27 (7-99%)
26 (9-67%)

4 (6+45%)

29 (11-11%)

9 (5:88%)

11 (8+40365%)

22 (7+61%
18 (8+33%
9 (11-84%
4 (15-38%

21 (7+14%)
13 (8:67%)
12 (10-26%)
4 (20-00%)
0 (0%)
1(33+33%)
2 (11-11%)

13 (10-57%)
40 (8+26%)

effectively unchanged for the Northeast, while increasing in all
other regions. For the pediatric population, the mortality rate de-
creased in both the Northeast and the Midwest, while increasing in
the South and the West. Transplant rates decreased for the North-
east and the West, while increasing in the Midwest and the South.

Mortality rate by state shows more localized differences (SI
Fig. 1). States are descending order by COVID-19 death rate. For
pediatric populations, ND, OK and HI show higher increase in mor-
tality than counterparts. Other states with increases are FL, GA, AR
and LA. In the adult population, IA, WY, OK, VT and ME have high-
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est mortality increases. SD, ND, MI, AL, UT, OR and HI also had
increases in adult mortality rate.

4. Discussion

This study describes the regional and national variation in adult
and pediatric heart transplant activity and waitlist mortality dur-
ing the COVID-19 pandemic for the year 2020 as compared to the
previous three years. Findings indicate that waitlist mortality de-
creased more for adults than pediatric population with regional
variations. The total number of pediatric heart transplants did not
change, albeit there was an earlier downward trend, and adult

transplant volume increased throughout the year, with associated
gender and racial differences.

4.1. Waitlist Mortality

Overall, COVID-19 waitlist mortality for pediatric heart trans-
plant decreased by 10% during 2020 versus Pre- COVID mortal-
ity rates (Table 3). Initially, there was a gradual decline in the
first four months of 2020, followed by an increase in months four
to six, and then subsequently followed by a progressive decline
through November (Fig. 1). Regional differences (Fig. 3, Table 3)
that resulted in this finding came primarily from Northeast re-
gion (decrease by 7-5%) and Midwest region (decrease by 9%). We
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Table 3

Changes in rate from Pre- COVID to COVID for waiting list (WL) deaths, transplants, mortality rate and transplant
rate. Mean values are provided with standard deviations given in parentheses.

Adult Pediatric

Pre-COVID CovID
Waitlist mortality 1844 1570
Transplants 242-06 266-09
Mortality Rate x 103
Northeast 9-87 (4-98) 695 (3+38)
Midwest 718 (3+66) 738 (4+93)
South 810 (3+43) 5499 (2+66)
West 3:94 (2:50) 420 (2+67)
Transplant Rate x 102
Northeast 10-57 (1-78)  10+51 (2:29)
Midwest 1023 (1:52) 1124 (1+91)
South 9:45 (1-09) 10-93 (1-21)
West 8:08 (1-41) 886 (1-47)

% Diff Pre-COVID  COVID % Diff
-14-86% 531 4.3 -10-92%
9:93% 39:31 39:00 -0-79%
-20:58%  7+00 (7-89)  3+16 (4+18)  -54-86%
2:79% 8:87 (7:06)  4-74 (2:90)  -46-56%
-26:05%  7-80 (5-04)  9:26 (6-04)  18:72%
6-60% 5:17 (5:55) 565 (722)  9+28%
-0-57% 461 (2:06)  3-24 (1:93)  -29:72%
9:87% 5.86 (1:98) 663 (2:94)  13-14%
15:66% 567 (1+42) 600 (1-01)  5-82%
9-65% 5.00 (1-46) 452 (1:32)  -9-60%

surmise that contributing factors include a decrease in waitlist
additions likely due to delays in non-urgent evaluations along
with a decrease in heart failure hospitalizations [2]. This was re-
flected in our data analyses as well, by comparing waiting list
time from Table 1 and Table 2. Furthermore, decrease in mortal-
ity rate in Midwest could be due to more transplant centers be-
ing inactivated. However, our study was not designed to look at
practice patterns of individual centers. Patients who expired in
2020 remained on the waiting list longer than the average wait-
ing list population for both adult (47397 Table 2 vs. 70+17 Table 1)
and pediatric populations (116+83 Table 2 vs. 8465 Table 1). We
identified differences in mortality outcomes by race, with wait-

list mortality for White population decreasing, Black mortality re-
maining unchanged, and mortality in Hispanics increasing. This
could be partly explained by a greater decrease in the number
of waitlist additions among Whites as well as severe heart failure
(higher level) status in Blacks and Hispanics. The study by DeFil-
ippis [1] looked at centers in New York, NY and found that most
of the patients were inactivated on the transplant list except those
that had the highest mortality risk, thus limiting active patients to
Status 1 and 2 on the new heart allocation policy. Highly-sensitized
patients requiring higher acuity of care and prolonged immuno-
suppression were also restricted. We also identified a higher fe-
male mortality rate during this time suggesting that women may
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Figure 4. Transplant rate per 100,000 residents by census region for pediatric and adult populations divided into pre-COVID era (Jan. 2017 - Dec. 2019) and COVID era (Jan.
2020 - Nov. 2020) shown by a dashed line. Means are shown by the dashed red line, while the box shows the interquartile range.

have been disproportionally affected. Comparatively, a larger de-
crease of 15% was seen among adult waitlist mortality. The North-
east and South regions were key drivers for that decrease in adult
wait-list mortality. We postulate that since these were the main
regions affected early in the pandemic, stringent criteria were set
by adult transplant centers to prioritize highly acute transplant pa-
tients and hence we see that difference. Restrictions on children
and the prevalence of COVID in children was not appreciated in
the early days and may have resulted in the comparative increase
in the number of waitlist mortality in pediatrics. In adults, both
Blacks and Hispanics had an increase in mortality.

4.2. Transplant Volume

The average number of pediatric heart transplants (n=39+3 per
month over a 36-month range Pre-COVID) did not change signif-
icantly for the year 2020 (n=39-0 per month over an 11-month
range). These values are in line with previous findings [14]. How-
ever, there was a sharp decrease in transplant volume in the first
four months followed by a rapid increase from months four to
six, with a return to baseline towards the end of the year. One
could attribute the earlier yearly decline to seasonal variation sim-
ilar to pre-COVID years, although the decline was more marked in
2020 than other years due likely to changes from COVID-19. These
changes include concerns regarding COVID-19 positive donors, lack
of intensive care unit beds, as well as limitations in the ability to
procure organs as a result of personnel limitations and travel re-
strictions. It appears that May 2020 was the beginning of the re-

activation phase (Fig. 2) where programs probably adjusted to the
new social distancing norms. This is also when we see an upward
trend in the waitlist mortality for pediatrics and to a lesser degree
adult. Most institution-specific guidelines started to emerge, as did
consensus documents from national and international specialty so-
cieties regarding COVID-19 protocols. Strategies to minimize con-
tact between patients and health care workers were developed and
resource optimization and prioritization of patients was also insti-
tuted. For adults, however, the average number of transplants in-
creased (n=266 per month during COVID from n=242 per month
pre-COVID). There was an earlier, sharper downward trend but that
was short-lasting, and the curve started to rise more steeply than
pediatric patients and continued to stay higher for the remainder
of the year. This finding is understandable as there are relatively
more adults on the waiting list and programs started reactivation
after the first quarter with presumptive increase in the number of
organ donations due to unexpected deaths as has been reported in
earlier COVID related studies [3].

4.3. Policy Implications

The data provided help elucidate potential policy guidelines for
future pandemics. The transplant community should strive to be
proactive and equip ourselves with improved preparation, orga-
nized systems and put a systematic process in place for the next
pandemic. Considerations for donor offers must include detailed
travel history and related exposures, identification of high-risk
behaviors of contracting and/or transmitting a lethal and highly
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contagious infection. Education for not only clinicians, but other
transplant team members, and most importantly, patients and
their families who may fear reaching out to medical facilities is
paramount to handling future pandemics. Decline in heart failure
hospitalizations has been reported with COVID-19 as a result of a
‘weathering-the-storm’ mentality .! This obviously adds an enor-
mous burden on the healthcare system when either these patients
get sick at home or present to the hospital in a dire clinical state,
as they become worse transplant candidates. For a future approach,
the transplant community needs to pay particular attention to this
and innovate with systems such as telemonitoring, improved ac-
cessibility, dedicated intensive care unit beds to house these frag-
ile patients. Immediate post-transplant management may include
selecting a core group of nurses, midlevel providers and clinicians
that are assigned to only immunosuppressed patients, preventing
excessive turnover with infected patients. Limited family and vis-
itor contact also helps reduce spread, and should be put in place
from the beginning of any future outbreaks. How we need to adapt
and change immunosuppressive and induction treatment continues
to be an ongoing discussion, and we will have more information as
studies look specifically at transplant recipient immune response
to COVID-19 infection as well as response post-vaccination. Even
though stable outpatient adult patients on the transplant waiting
list may be temporarily inactivated, this option does not always
exist for pediatric heart failure patients. The majority of these pa-
tients are in-hospital or on mechanical assist devices that have not
reached a suitable point for outpatient management. With new de-
vices such as HeartMate IIl now being approved by the FDA for pe-
diatric use as durable strategy, this may change for a few selected
patients, the majority of whom will continue to require higher
level in-hospital care [15,16]. Legislation and policymaking, both at
federal and state level have to be well thought out early in the pro-
cess. Even though the federal government started applying travel
and social distancing restrictions, disparate policies were instituted
on a state-by-state basis. While the federal government took steps
to recommend providing and receiving care through telehealth, ad-
ditional steps allowing HIPAA flexibility, modifying Medicare and
Medicaid policies, interstate licenses and prescription of controlled
substances are necessary [17,18] Lastly, as shown in our supple-
mental data (SI Fig. 1), states such as North Dakota, Oklahoma and
Hawaii had higher pediatric waitlist mortality, and Iowa, Alabama,
Wyoming, Virginia, Arkansas and Vermont had higher adult wait-
list mortality. This does not coincide with COVID-19 related mor-
tality rates and does not correlate with the mortality trends in the
previous three years. While the underlying cause for this trend is
unclear, there are several potential explanations for this observa-
tion. One is a decrease in access to healthcare workers. A second is
a change in available healthcare resources at the height of COVID-
19 due to travel and visitation limitations. A third is healthcare
workers travelling to high pandemic areas to provide care result-
ing in a loss of local resources. Resource limitations for these states
could have been further affected by the growing COVID-19 related
cases as all resources were diverted to take care of these patients
limiting availability for other cases. COVID-19 cases are now on the
decline in the United States with widespread vaccination. As the
healthcare system returns to normal or adjusts to a new normal,
will waiting list mortality return to previous levels? This question
will be answered in an ongoing study currently being conducted
by our team.

Our study has inherent limitations of the descriptive approach.
This approach does not allow us to assess causality, correlations
or inferences to provide a deeper statistical understanding. How-
ever, we argue that this still provides valuable information that in
some form is self-evident. A second limitation is derived from the
UNOS dataset. The waitlist data and transplant volume informa-
tion does not have associated COVID-19 data for the first half of
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the year and direct associations could not be made. COVID-19 data
and deaths were obtained from the COVID Act Now Project which
provides real time data. However, it is not supervised by a gov-
ernmental or healthcare organization and is completely volunteer
based.

This study revealed the extent of the impact of the COVID-19
pandemic on cardiac transplant waitlist, cardiac transplant wait-
list mortality and cardiac transplant volume in pediatric and adult
populations in the United States.
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