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In March 2020, coronavirus disease 2019 (COVID-19) spread rapidly nationally,
causing widespread emergent changes to the health system. Our goal was to under-
stand the impact of the epidemic on kidney transplantation (KT), at both the national
and center levels, accounting statistically for waitlist composition. Using Scientific
Registry of Transplant Recipients data, we compared data on observed waitlist regis-
trations, waitlist mortality, and living-donor and deceased-donor kidney transplants
(LDKT/DDKT) March 15-April 30, 2020 to expected events calculated from preepi-
demic data January 2016-February 2020. There were few changes before March 15,
at which point the number of new listings/DDKT/LDKT dropped to 18%/24%/87%
below the expected value (all P < .001). Only 12 centers performed LDKT March
15-31; by April 30, 40 centers had resumed LDKT. The decline in new listings and
DDKT was greater among states with higher per capita confirmed COVID-19 cases.
The number of waitlist deaths was 2.2-fold higher than expected in the 5 states with
highest COVID-19 burden (P < .001). DCD DDKT and regional/national imports de-
clined nationwide but most steeply in states with the highest COVID-19 burden. The
COVID-19 epidemic has resulted in substantial changes to KT; we must adapt and
learn rapidly to continue to provide safe access to transplantation and limit the grow-
ing indirect toll of an already deadly disease.
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1 | INTRODUCTION

Since late December 2019, when a cluster of cases of pneumonia
was reported in Wuhan, China, the spread of coronavirus disease
2019 (COVID-19) and subsequent effects on the world's health care
systems have been explosive and wide ranging.’ The effects have
varied by region, as have the responses to the epidemic, with cer-
tain countries and areas reacting with strict shelter-in-place orders
and others observing a rapid escalation of cases and deaths due to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In
some states, health care resources have been stretched thin and
overwhelmed with the number of cases outstripping the number of
hospital beds and intensive care resources. Organ transplantation is
a resource-intensive endeavor, and thus the potential effects of the
epidemic on transplantation in the United States are profound.

COVID-19 has affected virtually all aspects of kidney transplan-
tation (KT),>? including the donor supply and both candidates and re-
cipients.’®3 Early reports demonstrate variable severity in patients
with end-stage renal disease (ESRD) and KT, ranging from asymp-
tomatic to fulminant respiratory failure and death.** Furthermore,
COVID-19 has been associated with acute kidney injury (AKI), which
may predispose KT recipients to increased morbidity.*>” Previous
experience with related viruses, SARS-CoV in 2003 and Middle
East respiratory syndrome-related coronavirus (MERS-CoV) in
2015,"? demonstrated that immunosuppressed KT recipients may be
anticipated to have prolonged viral shedding, potentially increasing
transmissibility, morbidity, and mortality.”?°

In a national survey of US transplant centers in the last week of
March 2020, 72% of centers reported that they had suspended liv-
ing-donor KT (LDKT) and 84% reported restrictions to deceased-do-
nor KT (DDKT); more stringent restrictions were associated with
higher regional incidence of COVID-19.2! Restrictions varied by cen-
ter; for example, some centers reported transplanting highly sen-
sitized patients and those without dialysis access, whereas others
reported transplanting those with the lowest risk of delayed graft
function (DGF), prolonged hospital stay, or readmission.

These actions were taken in the context of immense uncertainty,
during an epidemic that was at one point doubling every 2 days,
and in the context of an emergency national diversion of hospital
resources to address the anticipated burden of COVID-19 on the
medical system. However, simulation data suggest that even a tem-
porary suspension of KT may lead to greater risk of death for wait-
list registrants.22 The early effect of the epidemic on access to KT
in the United States has not been quantified. Given the variation in
incidence of COVID-19 across the United States, limited knowledge
about COVID-19 prevalence among the general population, and
ongoing diversion of healthcare resources, we hypothesized that
COVID-19's impact on KT might also be center dependent and asso-
ciated with geographic incidence of COVID-19.

To address this knowledge gap, using data from the SRTR, we
conducted a retrospective study of changes to KT waitlist regis-
tration, waitlist deaths, and rates of DDKT and LDKT March-April
2020. We examined rates of these waitlist events among the overall

patient population and among key patient subgroups and stratified
by state-level burden of COVID-19 infection.

2 | METHODS
2.1 | Datasource

This study used data from the Scientific Registry of Transplant
Recipients (SRTR). The SRTR data system includes data on all donor,
wait-listed candidates, and transplant recipients in the United
States, submitted by the members of the Organ Procurement and
Transplantation Network (OPTN), and has been described else-
where.?3 The Health Resources and Services Administration (HRSA),
US Department of Health and Human Services provides oversight to
the activities of the OPTN and SRTR contractors.

2.2 | State-level cumulative incidence of COVID-19
per million population

To examine the relationship between COVID-19 burden and waitlist
events (new listings, DDKT, and deaths), we calculated cumulative
incidence of reported COVID-19 cases per million population (PMP)
at the state level (including the District of Columbia and Puerto
Rico) on March 25, 2020, using data from http://covidtracking.com/.
States were classified by COVID-19 burden as “low” (<50 cases PMP:
13 states), “medium” (50-100 cases PMP: 15 states), “high” (100-
300 cases PMP: 15 states), and “very high” (300-1584 cases PMP:
Louisiana, Michigan, New Jersey, New York, and Washington state).

2.3 | Daily counts of waitlist changes

For each day between February 1 and April 30, 2020, we plotted
daily counts of new waitlist registrations, newly inactive patients,
and waitlist removals due to DDKT, LDKT, death, or deteriorating
condition, with a Lowess smooth. For new waitlist registrations,
LDKT, and newly inactive registrants, only weekdays were included,
because between January 2016 and February 2020 >98.5% of these
events occurred on weekdays. We made similar plots for daily counts
of donation after circulatory death (DCD), DDKT, and regional and
national imports. Because LDKT decreased abruptly after March
15, we plotted of center-level counts of LDKT between March 15
and April 30, 2020 by state-level cumulative incidence of COVID-19
PMP.

2.4 | Calculating center-level expected numbers of
waitlist events

A raw count of center-level waitlist events fails to take into account

potential differences in a center’s waitlist population over time. To
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address this, for each of the waitlist events described, we modeled the
number of outcomes per center per month between January 2016 and

February 2020 using multilevel Poisson regression, with a center-level
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FIGURE 1 Kidney transplant (KT) waitlist registrations and
active status, February-April 2020. Counts of new deceased-
donor kidney transplantation (DDKT) waitlist registrations (A) and
patients moved to inactive status (B) per day, with Lowess smooth;
(C) proportion of prevalent waitlist list listed as inactive per day
[Color figure can be viewed at wileyonlinelibrary.com]
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random intercept and adjusting for center-level distribution of candi-
date characteristics: age, sex, prior transplant, race/ethnicity, history
of diabetes, insurance type, time on dialysis, and ABO blood type. We
then used these models to predict the expected number of outcomes
per month in March-April 2020. We made these predictions overall
and for subgroups of patients based on candidate characteristics.

2.5 | Comparing observed to expected center-level
numbers of waitlist events

For each type of waitlist event, we compared observed to expected
counts using X2 tests, overall and for various patient subgroups.
Additionally, to compare differences in observed vs expected events
among centers in states with different levels of COVID-19 burden,
we used Poisson regression. Specifically, we modeled the observed
counts, including the log of expected counts in the model with the
coefficient constrained to 1 and adjusting for state-level COVID-19
burden. The incidence rate ratios (IRRs) from this model represent the
observed counts as a proportion of expected counts.
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FIGURE 2 Counts of kidney transplant (KT) waitlist outcomes
per day, February-April 2020, with Lowess smooth: (A) removals
due to death; (B) removals due to deteriorating condition [Color
figure can be viewed at wileyonlinelibrary.com]
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2.6 | Statistical analysis

Confidence intervals are reported as per the method of Louis and

Zeger.2* All analyses were performed using Stata 16.1/MP for Linux.

3 | RESULTS
3.1 | Daily counts of waitlist changes

Between February 1 and March 1, 2020, on average there were 168
new registrations per weekday; this declined to 158 per weekday by
April 1 and 107 on May 1 (Figure 1A). The number of newly inactive
patients averaged 102 per weekday from February 1 to mid-March,
before climbing to 385 per day in the week of March 23-27 and 192
per day between April 1-15 (Figure 1B). There is an odd spike be-
cause 1 center changed its entire waitlist to inactive on April 23 and

then back to active on April 30.
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The proportion of the waitlist that was inactive rose gradually
from 36.7% on February 1 to 37.1% on March 15, to 40.4% by April
2 and 40.5% by May 1 (Figure 1C).

The number of waitlist removals due to death and deteriorating
condition averaged 9.3 and 12.5 per day, respectively (Figure 2A,B).

The number of DDKT averaged 51 per day; this number de-
clined from 47 on March 15 to 29 on April 1, and was 53 on May
1 (Figure 3A). The number of DCD DDKT declined from 12 on
March 15 to 3 on April 1 and 3 on May 1 (Figure 3B). The number
of regional and national imports declined over the same interval
(Figure 3C,D).

The average number of LDKT per day declined sharply after
March 15 (Figure 4A). Only 12 centers performed LDKT between
March 15 and March 31, of which only 6 performed more than 2
LDKTs. Between March 15 and April 30, 40 centers performed
LDKT, of which 12 performed more than 2 LDKTs. None of the 40
centers were in states with more than 300 COVID-19 cases PMP
(Figure 4B).
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FIGURE 3 Counts of deceased-donor kidney transplantation (DDKT) per day, February-April 2020, with Lowess smooth: (A) all DDKT,
(B) donation after cardiac death (DCD), (C) regional imports, (D) national imports [Color figure can be viewed at wileyonlinelibrary.com]
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A TABLE 1 Observed and expected DDKT counts, March 15-April
30, 2020
LDKT
Weekdays only Category Expected Observed % change P
Overall 2197.8 1673 -23.9 <.001
o
¥ Age: 0-11 255 11 -56.9
3 Age: 12-17 34.9 26 -25.5
Age: 18-29 135.5 144 6.3
=g Age: 30-39 260.6 236 -9.4 <.001
Age: 40-49 431.4 360 -16.6
24 Age: 50-59 602.7 443 -26.5
Age: 60-69 580.0 375 =553
e . ; . — s . Age: 70+ 145.9 78 -46.5
2/1 2/15 3/1 3/15 41 4/15 5/1
bandwidth = .2 Prior tx: no 19111 1480 -22.6 4
B Prior tx: yes 274.6 193 -29.7
Race/ethnicity: 827.9 596 -28.0
Center number of LDKT 3/15-4/30 white
& Race/ethnicity: 717.5 569 -20.7
black
oTX
o | Race/ethnicity: 436.8 344 -21.2 7
a Hispanic
Race/ethnicity: 159.8 123 -23.0
o | Asian
O®CA
oCA eDC Race/ethnicity: 52.0 41 -21.2
oPA other nonwhite
w - OMN OFL ®eUT
oMD DM: no 1368.7 1056 -22.8 7
o VA
'TX.VA";‘;‘; :lLCO DM: yes 831.6 616 -25.9
S ,‘T’m"",‘%"” wbcotmbod @ Pay: private 799.3 687 -14.0
10 30 100 300 1000 3000
COVID-19 cases per M, 3/25 (log scale) Pay: Medicaid 207.6 144 -30.6
Pay: Medicare 1073.8 769 -28.4 <.001
FIGURE 4 Living-donor kidney transplantation (LDKT), Pay: other pub 25.6 25 =23
Februar}l—Aprll 2020. (A) Counts of LDKT per day, February—Man.:h Pay: other 69.3 29 582
2020, with Lowess smooth. (B) Center-level LDKT, February-April
2020, by coronavirus disease 2019 (COVID-19) prevalence per Male 13317 1078 -19.1 <01
million population. Centers from states where more than 1 LDKT Female 862.5 595 -31.0

was performed are marked in dark red [Color figure can be viewed
at wileyonlinelibrary.com]

3.2 | Comparing observed to expected counts of
waitlist events

Overall, the observed number of DDKT between March 15-April
30 (1673) was 23.9% lower than the expected number (2197.8), a
statistically significant difference (P < .001) (Table 1). Similarly, the
observed number of LDKT (114) was 87.2% lower than expected
(888.2, P < .001) (Table 2). The observed number of waitlist deaths
(453) was 6.5% higher than expected (425.3, P = .2) (Table 3).

The center-level observed number of new listings, DDKT, and
LDKT March 15-April 30 was lower than the expected number
across all categories of COVID-19 burden (Table 4A). Among centers
in states with low COVID-19 rates, there were 9% fewer new list-
ings than expected (IRR (4:0.91,,,). The proportional drop in new

listings was steeper at centers in states with higher COVID-19 rates

Abbreviations: DDKT, deceased-donor kidney transplantation; DM,
diabetes mellitus.

(eg, IRR in “very high” states = .,0.59 ,,). Similarly, the IRR for
observed vs expected DDKT ranged from ,,,0.79, o in states with
low COVID-19 rates to ; 4,0.39, ,, in states with very high COVID-
19 rates. Among centers in states with low COVID-19 rates, there
were 84% fewer LDKT than expected (IRR = ,,,0.16, ,,); among
centers in states with very high COVID-19 rates, there were 99%
fewer LDKT than expected (IRR = ;,,0.01, ;). Centers in states
with very high COVID-19 rates had 2.2-fold more waitlist deaths
than expected (IRR = 42.22, ,.). The decline in DDKT was greatest
among patients over the age of 50 (eg, for age 70+, 78 observed vs
145.9 expected) (Table 1).

The number of DCD DDKT March 15-April 30 was lower than
expected across all categories of COVID-19 burden, with the IRR
ranging from ,.,0.62,, in states with low COVID-19 rates to
0140-21, 55 at centers in states with very high COVID-19 rates
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TABLE 2 Observed and expected LDKT counts, March 15-April
30, 2020

%

Category Expected  Observed change P
Overall 888.2 114 -87.2 <.001
Age: 0-11 13.9 4 -71.2
Age: 12-17 11.6 -91.4
Age: 18-29 93.6 9 -90.4
Age: 30-39 125.8 13 -89.7 2
Age: 40-49 171.8 29 -83.1
Age: 50-59 2129 30 -85.9
Age: 60-69 189.2 25 -86.8
Age: 70+ 68.7 3 -95.6
Prior tx: no 790.3 103 -87.0 >.9
Prior tx: yes 90.7 11 -87.9
Race/ethnicity: 563.1 74 -86.9
white
Race/ethnicity: 115.7 14 -87.9
black
Race/ethnicity: 130.3 15 -88.5 .5
Hispanic
Race/ethnicity: 55.3 11 -80.1
Asian
Race/ethnicity: 15.3 0 -100.0
other nonwhite
DM: no 627.5 79 -87.4 >.9
DM: yes 259.5 35 -86.5
Pay: private 532.7 76 -85.7
Pay: Medicaid 56.3 6 -89.3
Pay: Medicare 250.5 26 -89.6 7
Pay: other pub 4.7 0 -100.0
Pay: other 41.8 -90.4
Male 552.2 78 -85.9 4
Female 330.0 36 -89.1

Abbreviations: LDKT, living-donor kidney transplantation.

(Table 4B). Regional and national imports also declined at centers
in states with very high COVID-19 rates (IRR = ,,,0.26,,, and

0160:25, 55, respectively).

4 | DISCUSSION

In this national registry study of KT waitlist registrations, waitlist
mortality, and rates of transplantation using data from the SRTR
in the early COVID-19 era, we found the number of new registra-
tions dropped by 18% below expected, DDKT dropped 24% below
expected, and LDKT virtually came to a standstill. Additionally, we
found that, though the number of waitlist deaths nationwide was
not significantly higher than expected, it was 2.2-fold higher than
expected in the 5 states with highest COVID-19 burden. There was

TABLE 3 Observed and kidney waitlist deaths, March 15-April
30, 2020

%

Category Expected Observed change P
Overall 425.3 453 6.5 2
Age: 0-11 0.4 2 400.0
Age: 12-17 1.6 2 25.0
Age: 18-29 10.2 7 -31.4
Age: 30-39 251 30 19.5 .03
Age: 40-49 71.5 71 -0.7
Age: 50-59 129.2 161 24.6
Age: 60-69 155.1 143 -7.8
Age: 70+ 29.3 37 26.3
Prior tx: no 353.6 386 9.2 7
Prior tx: yes 69.3 67 -3.3
Race/ethnicity: 179.9 167 -7.2
white
Race/ethnicity: 123.8 152 22.8
black
Race/ethnicity: 78.0 82 51 2
Hispanic
Race/ethnicity: 321 42 30.8
Asian
Race/ethnicity: 9.5 10 5.3
other
nonwhite
DM: no 153.4 161 5.0 .9
DM: yes 267.1 291 8.9
Pay: private 157.5 171 8.6
Pay: Medicaid 323 61 88.9
Pay: Medicare 2191 212 -3.2 <.001
Pay: other pub 5.6 4 -28.6
Pay: other 8.7 3 -65.5
Male 266.3 316 18.7 .01
Female 156.8 137 -12.6

Abbreviations: DM, diabetes mellitus.

substantial geographic heterogeneity, as these drops were greater
among the states with highest COVID-19 incidence. These findings
represent the dramatic impact of COVID-19 on KT; ongoing data col-
lection and reporting are critical to continue to provide safe access
to transplantation and limit the indirect downstream effects of this
deadly disease.

COVID-19 is a novel disease and we are learning more about its
impact on KT in real time. Therefore, early and frequent reporting
on waitlist registrations, removals, and rates of KT is necessary to
inform evolving clinical practices.

Our findings of decreased waitlist registrations coupled with
increased waitlist inactivations are consistent with findings from
our national survey in which we reported reduction in transplant

activity.?! The dramatic reduction in DCD KT may be reflective of
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(A)

COVID-19 rates New listings DDKT LDKT Waitlist death
Overall 0.800-82084 0.739-760.80 0110-130 45 0971071 17
Low (NC/TX/VA+10) 0.850-910.96 0720-7%0.87 0110-16¢ 55 0590771 00
Medium (CA/FL/PA+12) 0840-87051 08799309 01591705 076081005
High (IL/MA/TN+12) 0749-790.55 0.580-660 74 0.089-114 47 0.861-054 50
Very high (LA/MI/NJ/NY/WA) 0540-5% 44 0559-3% .46 0069-01 05 1662225 62
(B)

COVID-19 rates DCD DDKT Regional import National import

Low (NC/TX/VA+10) 0500620 7 0660821 0 045990, 14

Medium (CA/FL/PA+12) 0770-88, o1 08510311 065976091

High (IL/MA/TN+12) 0369470 61 0610-81; og 0.620-84 14

Very high (LA/MI/NJ/NY/WA) 0140210 35 0140-264 45 0.169-250 35

Note. Centers in states with the lowest rates of per capita reported coronavirus disease 2019 (COVID-19) cases had 9% fewer new listings than
expected (incidence rate ratio [IRR] = 0.91), 21% fewer DDKT (IRR 0.79), 84% fewer LDKT (IRR 0.16), and 23% fewer waitlist deaths (IRR = 0.77,

NS). Centers in states with very high rates of COVID-19 cases had 41% fewer new listings than expected, 61% fewer DDKT, 99% fewer LDKT, and
2.2-fold more waitlist deaths. Bold denotes IRRs that are statistically significantly different from the IRR in states with the lowest per-capita reported

COVID-19 cases.

Abbreviations: DCD, donation after cardiac death; DDKT, deceased-donor kidney transplantation; LDKT, living-donor kidney transplantation.

limited hospital beds, limited ventilators, and limited access to in-
tensive care units (ICUs) and operating rooms (ORs); centers may
be seeking to avoid the short-term complications (eg, DGF and
longer hospital stay) that can result from DCD DDKT.?¢?” Our
finding of a virtual halt of LDKT is also consistent with our sur-
vey in which we found that early in the epidemic, 72% of centers
had suspended LDKT, and is likely reflective of center-level pri-
ority for urgent or emergent operations. Our findings that most
of the drops in activity were heightened in areas of high COVID-
19 incidence is consistent with reports of diversion of healthcare
resources.

Because waitlist deaths that occur outside of the transplant cen-
ter may not be reported immediately to the transplant center and
then to the OPTN, it is possible that this delay may have caused us
to undercount total deaths in March and April 2020. However, the
difference in waitlist mortality stratified by COVID-19 incidence is
striking and unlikely to be confounded by reporting delay. In fact,
if there were a delay, the apparent increase we saw in waitlist
mortality in the high-incidence states may be even higher than re-
ported. Though our results did not demonstrate major differences
in changes to listing in the COVID-19 era based on race/ethnicity or
insurance status, additional studies will be necessary to help inform
the extent to which vulnerable transplant candidates were and are
particularly affected by the epidemic.?

This study must be understood in the context of its limitations.
National transplant registry data are captured by centers across the
United States, which may have varying reporting standards and qual-
ity control. Additionally, our use of national registry data precludes
assessment of key questions such as why a particular patient be-

came inactive on the waitlist or cause of death information. Despite

this limitation, our use of national registry data facilitates broadly
generalizable inferences, especially in the context of linking data to
state-level COVID-19 incidence rates. Furthermore, given the rap-
idly changing nature of the epidemic and limits on data availability,
we limited our observed data to the last 2 weeks of March and the
month of April, which may have underestimated the true rates of
waitlist registrations, removals, and KT. These differences may be-
come apparent only with additional data collection and analysis.
Finally, there was lack of information on true incidence of COVID-19
because of significant variations and gaps in testing capacity that
was especially apparent during this early window in the epidemic;
this may have led us to misclassify some states with high COVID-19
burden but poor testing capacity. Nonetheless, even without com-
prehensive incidence and testing data, we were able to capture an
increase in all-cause mortality in states with the highest reported
COVID-19 incidence, even without testing data specific to waitlist
registrants.

In summary, we found that in the early COVID-19 era in the
United States, access to KT has been substantially limited as evi-
denced by decreased waitlist registrations, increased waitlist mor-
tality increased in states with highest COVID-19 burden, decreased
DDKT, and a virtual standstill in LDKT. These findings suggest that
the epidemic has had a major impact on the KT population in the
United States; we must be vigilant and learn and evolve rapidly to

inform transplant practices and safely facilitate a reboot of KT.
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