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1  |  INTRODUC TION

Prior to March 2020, transplant centers were performing solid 
organ transplants generally unaware of the coming global pan-
demic. On January 31, 2020, a national public health emergency 
was declared in the United States by the US Secretary of Health and 
Human Services,1 and on March 13, 2020, a national emergency was 

declared by the president of the United States.2 Numbers of trans-
plants performed, particularly living donor transplants, dropped 
substantially in the first months of the pandemic.3,4 However, the 
numbers of deceased donor transplants performed in the United 
States largely recovered by June 20204 and even outpaced previous 
years.5

The Scientific Registry of Transplant Recipients (SRTR), 
charged with publishing evaluations of transplant programs 
semiannually,6 had the challenge of whether and how to ad-
dress the unprecedented disruption due to the pandemic in the 
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Potential regional variations in effects of COVID- 19 on federally mandated, program- 
specific evaluations by the Scientific Registry of Transplant Recipients (SRTR) have 
been controversial. SRTR January 2022 program evaluations ended transplant follow-
 up on March 12, 2020, and excluded transplants performed from March 13, 2020 
to June 12, 2020 (the “carve- out”). This study examined the carve- out's impact, and 
the effect of additionally censoring COVID- 19 deaths, on first- year posttransplant 
outcomes for transplants from July 2018 through December 2020. Program- specific 
hazard ratios (HRs) for graft failure and death estimated under two alternative sce-
narios were compared with published HRs: (1) the carve- out was removed; (2) the 
carve- out was retained, but deaths due to COVID- 19 were additionally censored. The 
HRs estimated by censoring COVID- 19 deaths were highly correlated with those esti-
mated with the carve- out alone (r2 = .96). Removal of the carve- out resulted in greater 
variation in HRs while remaining highly correlated (r2 = .82); however, little geographic 
impact of the carve- out was observed. The carve- out increased average HR in the 
Northwest by 0.049; carve- out plus censoring reduced average HR in the Midwest by 
0.009. Other regions of the country were not significantly affected. Thus, the current 
COVID- 19 carve- out does not appear to impart substantial bias based on the region 
of the country.

K E Y W O R D S
COVID- 19, health services and outcomes research, organ procurement and transplantation 
network (OPTN), organ transplantation, scientific registry of transplant recipients (SRTR)

 16006143, 2022, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ajt.17123, W

iley O
nline L

ibrary on [08/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.amjtransplant.com
mailto:﻿
https://orcid.org/0000-0002-9562-7337
https://orcid.org/0000-0003-1408-851X
https://orcid.org/0000-0003-4809-6956
https://orcid.org/0000-0002-2307-0170
https://orcid.org/0000-0002-7607-0430
https://orcid.org/0000-0001-7974-8940
mailto:jonathan.miller@cdrg.org
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fajt.17123&domain=pdf&date_stamp=2022-07-04


    |  2617
AJT

MILLER Et aL.

program evaluations. The SRTR worked with its SRTR Review 
Committee and its subcommittees to evaluate how best to ad-
dress these challenges. For the program evaluations published 
in January 2021, the decision was made to end follow- up of all 
transplants in the cohort on March 12, 2020.7 This decision was 
made because it was apparent that, in the early days of the pan-
demic, transplant operations were greatly affected and trans-
plant programs may have been differently affected based on a 
variety of factors.

By the July 2021 program evaluations, the cohort of transplant 
recipients used in the evaluations— patients who underwent trans-
plant between January 1, 2018, and June 30, 2020, and followed up 
for death or graft failure until December 31, 2020— had experienced 
several waves of COVID- 19 affecting all US regions.8 Operations of 
the transplant system in the United States had rebounded from the 
initial dip in donors and transplants.4 Starting with the July 2021 
program evaluations, the current COVID- 19 “carve- out,” defined 
in the following paragraph, was applied to the program evaluation 
cohorts.9

The cohorts for SRTR 1- year posttransplant evaluations include 
transplants that occur during a 2.5- year period with an additional 
6 months of follow- up, with the cohort rolling forward by 6 months 
at each round of program evaluations. For example, the July 2021 
program evaluations included transplants that occurred between 
January 1, 2018, and June 30, 2020, and were followed up for death 
or graft failure until December 31, 2020. The COVID- 19 carve- out 
for the program evaluations ends follow- up for all transplants per-
formed before March 13, 2020, on March 12, 2020, and excludes 
all transplants performed from March 13, 2020, through June 12, 
2020. Transplants performed after June 12, 2020 are followed up 
as usual.

It is important to emphasize that, for transplants performed 
before March 13, 2020, those patients do not return to the risk 
set for the cohort after June 12, 2020, even if they are still alive 
with a functioning graft. Follow- up for these transplant patients 
is censored on March 12, 2020. With cohorts moving forward 
6 months at each round of program evaluations, the carve- out 
continues to affect the first- year posttransplant program evalu-
ations until January 2024, which will be the first round of eval-
uations with all transplants in the cohort performed after June 
12, 2020.

Because COVID- 19 has continued to affect different regions 
of the United States at different times, we studied whether the 
COVID- 19 carve- out propagates any geographic bias in the pro-
gram evaluations and if there are methods to address COVID- 19 
deaths that might further reduce geographic bias beyond the 
current carve- out. Therefore, this analysis aims to (1) quantify 
the impact of the carve- out on first- year posttransplant met-
rics in the January 2022 SRTR program evaluations, particu-
larly if there is a regional bias imparted by the carve- out and 
(2) quantify the impact of censoring COVID- 19 deaths on first- 
year posttransplant metrics in the January 2022 SRTR program 
evaluations.

2  |  METHODS

2.1  |  Study population

This study used data from SRTR. The SRTR data system includes data 
on all donors, waitlisted 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.10 The Health Resources and Services Administration (HRSA), 
US Department of Health and Human Services, provides oversight 
of the activities of the OPTN and SRTR contractors. SRTR data are 
updated monthly.

The January 2022 cohorts for heart, kidney, liver, and lung trans-
plants, the four most common organs transplanted, were used. Per 
standard SRTR methods, these evaluation cohorts included recipients 
who underwent single- organ transplant from July 1, 2018, through 
December 31, 2020, with follow- up for death or graft failure until the 
earlier of 1 year after transplant or June 30, 2021. For the January 
2022 published program evaluations, the COVID- 19 carve- out was 
applied. That is, follow- up for all transplants performed before March 
13, 2020, was censored on March 12, 2020; all transplants performed 
from March 13, 2020, through June 12, 2020, were excluded; trans-
plants performed after June 12, 2020, were followed as usual. For 
this study, models and analyses were stratified by pediatric (younger 
than 18 years) and adult (18 years and older) candidates. Data were 
from the November 2021 version of the SRTR data.

This research conforms to US Federal Policy for the Protection 
of Human Subjects. The study was conducted as secondary research 
on data collected on behalf of the US Federal Government, and as 
such is not considered human subjects research.

2.2  |  Variables

The outcomes of interest for this analysis are graft failure— defined 
as reported graft failure (including return to dialysis for kidney recip-
ients), retransplant, or death— and patient death. Program- specific 
performance is presented as observed to expected event hazards 
ratios (HRs) for each of the possible evaluations for each outcome. 
Each evaluation metric is characterized by a unique combination of 
transplant center, organ transplanted, and age group (adult or pedi-
atric). For example, a center that transplants heart, kidney, and lung 
in adult and pediatric patients would have six evaluations for graft 
failure and six evaluations for patient death.

The SRTR data are based on data collected by the OPTN. For 
patients who die, there are fields on the OPTN Transplant Recipient 
Registration form and Transplant Recipient Follow- up form for pri-
mary cause of death and up to two contributory causes of death, 
and text fields to enter additional details. In April 2020, a code was 
added to these cause- of- death fields for “Infection: Viral- COVID- 19.” 
Centers were allowed to retroactively apply this code to deaths due 
to COVID- 19 that occurred before April 2020. Any patient with the 
code for COVID- 19 cause of death in the primary or contributory 
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cause fields, or with the term “COVID” in one of the cause- of- death 
text fields, was considered to have had a COVID- 19 death for the 
purpose of censoring at COVID- 19 deaths.

Regions of the country were defined broadly as the Northeast 
(OPTN Regions 1, 2, and 9), Southeast (OPTN Regions 3, 4, and 11), 
Midwest (OPTN Regions 7, 8, and 10), Northwest (OPTN Region 6), 
and Southwest (OPTN Region 5). Region groupings were chosen to 
reflect geographic contiguity and roughly similar timing of waves of 
the COVID- 19 pandemic.

2.3  |  Statistical methods

To show waves of the pandemic, the January 2022 program eval-
uation cohort window with the carve- out was plotted against 
stacked daily COVID- 19 incidence rate plots for the general pop-
ulation by OPTN region. Daily incidence counts by county from 
the New York Times dataset (https://raw.githu buser conte nt.com/
nytim es/covid - 19- data/maste r/us- count ies.csv) and American 
Community Survey population by county (https://data.census.
gov/cedsc i/) were aggregated by OPTN region level to show daily 
incidence rates.

For each evaluation metric, HRs for posttransplant graft 
failure and posttransplant death were estimated as previously 
described.11,12 In brief, expected counts of graft failures and 
patient deaths are estimated from risk- adjusted Cox propor-
tional hazard models.13 The expected values for graft failure and 

patient death at the level of the individual patient are summed to 
get expected numbers of graft failures or patient deaths at each 
center given the risk of the patients and donors transplanted by 
the center.

The SRTR January 2022 program evaluations applied the 
aforementioned COVID- 19 carve- out. In this study, the HRs were 
re- estimated under two alternative scenarios to compare with the 
published HRs. In the first scenario, the COVID- 19 carve- out was 
removed. In the second scenario, the COVID- 19 carve- out was re-
tained but deaths caused by COVID- 19 that were not already carved 
out were censored, meaning they were not treated as a graft failure 
or patient death for the purpose of calculating either observed or 
expected number of events. All risk- adjustment models used to de-
rive the expected event counts were rebuilt under each alternative 
scenario.

3  |  RESULTS

In the January 2022 program evaluation cohort, most OPTN regions 
had waves of COVID- 19 from June 13, 2020, through December 
31, 2020, when follow- up had resumed as normal. However, deaths 
during the waves from June 13, 2020, through December 31, 
2020, were only counted as events for the program evaluations if 
the deaths occurred in patients who underwent transplant on or 
after June 13, 2020 (Figure 1). The January 2022 surge in incidence 
rates, which is not a part of the evaluation cohort but appears at 

F I G U R E  1  SRTR January 2022 
program evaluation cohort with COVID- 19 
carve- out overlaid on daily COVID- 19 
incidence rate by OPTN region. OPTN, 
Organ Procurement and Transplantation 
Network
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the far right of Figure 1, represented the beginning of the surge in 
COVID- 19 incidence from the Omicron variant in early 2022, and 
will warrant future study.

The January 2022 posttransplant program evaluation cohort, 
before applying the COVID- 19 carve- out, included 89 017 heart, kid-
ney, liver, and lung patients who underwent transplant at 257 unique 

TA B L E  1  Characteristics of transplant recipients and January 2022 program evaluations without the COVID- 19 carve- out

Total Heart Kidney Liver Lung

Recipients

Total recipientsa 89 017 (100%) 8204 (9.2%) 54 533 (61.3%) 19 813 (22.3%) 6467 (7.3%)

Sex

Female 33 700 (37.9%) 2462 (30%) 21 293 (39%) 7319 (36.9%) 2626 (40.6%)

Male 55 317 (62.1%) 5742 (70%) 33 240 (61%) 12 494 (63.1%) 3841 (59.4%)

Age group

Adult 84 407 (94.8%) 6982 (85.1%) 52 477 (96.2%) 18 575 (93.8%) 6373 (98.5%)

Pediatric 4610 (5.2%) 1222 (14.9%) 2056 (3.8%) 1238 (6.2%) 94 (1.5%)

Race

Asian 5571 (6.3%) 310 (3.8%) 4187 (7.7%) 902 (4.6%) 172 (2.7%)

Black 18 937 (21.3%) 1845 (22.5%) 14 987 (27.5%) 1479 (7.5%) 626 (9.7%)

Hispanic 14 984 (16.8%) 882 (10.8%) 10 147 (18.6%) 3284 (16.6%) 671 (10.4%)

White 48 112 (54%) 5083 (62%) 24 247 (44.5%) 13 832 (69.8%) 4950 (76.5%)

Mixed or other raceb 1413 (1.6%) 84 (1%) 965 (1.8%) 316 (1.6%) 48 (0.7%)

Metrics

Total evaluationsa 1608 (100%) 385 (23.9%) 672 (41.8%) 379 (23.6%) 172 (10.7%)

Unique centersa,c 257 (100%) 144 (56%) 239 (93%) 145 (56.4%) 71 (27.6%)

Age group

Adult 1077 (67%) 256 (66.5%) 435 (64.7%) 254 (67%) 132 (76.7%)

Pediatric 531 (33%) 129 (33.5%) 237 (35.3%) 125 (33%) 40 (23.3%)

Outcome

Graft failure 808 (50.2%) 193 (50.1%) 339 (50.4%) 190 (50.1%) 86 (50%)

Patient death 800 (49.8%) 192 (49.9%) 333 (49.6%) 189 (49.9%) 86 (50%)

aValues are given as row percentages.
bOther races reported, though with numbers too small to report individually, were American Indian or Alaska Native, Native Hawaiian, or Pacific 
Islander.
cSums of organ values for unique centers exceed 257 (100%) because some centers do multiple types of transplant.

TA B L E  2  Graft failure events and patient deaths in January 2022 program evaluations

Total Heart Kidney Liver Lung

Graft failure events

Total graft failures 5419 (100%) 673 (100%) 2492 (100%) 1571 (100%) 683 (100%)

Carved graft failures 1337 (24.7%) 124 (18.4%) 641 (25.7%) 383 (24.4%) 189 (27.7%)

Total COVID- 19 graft failures 350 (100%) 23 (100%) 242 (100%) 53 (100%) 32 (100%)

Carved COVID- 19 graft 
failures

181 (51.7%) 9 (39.1%) 126 (52.1%) 26 (49.1%) 20 (62.5%)

Patient deaths

Total patient deaths 3742 (100%) 626 (100%) 1348 (100%) 1135 (100%) 633 (100%)

Carved patient deaths 1044 (27.9%) 118 (18.8%) 442 (32.8%) 307 (27%) 177 (28%)

Total COVID- 19 patient deaths 349 (100%) 22 (100%) 244 (100%) 52 (100%) 31 (100%)

Carved COVID- 19 patient 
deaths

188 (53.9%) 8 (36.4%) 135 (55.3%) 26 (50%) 19 (61.3%)

Note: Carved refers to the COVID- 19 carve- out being applied.
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centers from July 1, 2018, through December 31, 2020. When eval-
uating patient survival, retransplants were excluded, yielding a co-
hort of 82 086 transplant recipients. Patients were followed for a 
year after transplant or until June 30, 2021. Programs are evaluated 
separately for graft failure and patient death, and separately for 
adult and pediatric patients. Each center, therefore, may have up to 
four evaluations for each type of organ transplant they perform. In 
the January 2022 evaluation of first- year patient and graft survival, 
there were 1608 unique HRs on which heart, kidney, liver, and lung 
programs were evaluated (Table 1).

3.1  |  COVID- 19 deaths

Among transplant recipients in the January 2022 posttransplant 
evaluation graft- survival cohort, prior to applying the COVID- 19 
carve- out, there were 5419 total graft failures. Applying the 
COVID- 19 carve- out to the graft- survival cohort removed 1337 
(24.7%) graft failures from the evaluation. COVID- 19 was iden-
tified as the cause of death in 350 of the 5419 graft- survival 
cohort graft failures. Of the 350 COVID- 19 graft failures, 181 
(51.7%) were removed due to applying the COVID- 19 carve- out 
(Table 2).

Compared with the graft- survival cohort, which includes re-
transplants, the January 2022 posttransplant patient- survival co-
hort includes only patients after their first transplant for the organ 
of interest. Among recipients in the patient- survival cohort, there 
were 3742 total patient deaths. Applying the COVID- 19 carve- out 
to the patient- survival cohort removed 1044 patient deaths from 
the evaluation. COVID- 19 was identified as the cause of death in 
349 of the 3742 patient- survival cohort patient deaths. Of the 349 
COVID- 19 patient deaths, 188 (53.9%) were removed due to apply-
ing the COVID- 19 carve- out (Table 2).

Patients carved out (i.e., removed) from the graft- survival evalu-
ations were significantly more likely to be men and adults (18+ years) 
(Table 3). Patients not carved out but with a COVID- 19 death indi-
cated were significantly more likely to be adults (Table 3).

3.2  |  Scenario 1: Removing the carve- out

Compared with the HRs from the January 2022 program evaluations 
as published with the COVID- 19 carve- out, removing the COVID- 19 
carve- out yielded HRs that were highly, but not perfectly, corre-
lated with the published HRs (r2 = .82) (Figure 2). Compared with 
the January 2022 program evaluations with the COVID- 19 carve- 
out, removing the carve- out did not cause statistically significant 
changes in HRs by organ type or age group, or between graft failure 
and patient death outcomes (Table 4). By geography, the Northwest 
region (OPTN Region 6) saw a slight, but statistically significant, av-
erage decline in the HRs of 0.049 when the carve- out was removed, 
indicating slightly better program evaluations on average without 
the carve- out (Figure 3).

3.3  |  Scenario 2: Additionally censoring for 
COVID- 19 deaths

Compared with the HRs from the January 2022 program evaluations 
as published with the COVID- 19 carve- out, adding censoring for the 
COVID- 19 cause- of- death events that were not already removed by 
the carve- out resulted in near- perfect correlation with the HRs as 
published (slope = 1, r2 = .96) (Figure 2). Compared with the January 
2022 program evaluations with the COVID- 19 carve- out, additionally 
censoring for COVID- 19 deaths did not cause statistically significant 
changes in HRs by organ type or age group, or between graft failure 
and patient death outcomes (Table 4). By geography, the Midwest 
(OPTN Regions 7, 8, and 10) saw a slight, but statistically significant, 
average decline in the HRs of 0.009 when COVID- 19 censoring was 
added, indicating slightly better program evaluations on average with 
the addition of censoring for COVID- 19 (Figure 4).

TA B L E  3  Demographic characteristics of program evaluation 
cohort patients carved out and not carved out

Carved out Not carved out

Among all patients

Sex*

Female 466 (34.85%) 33 234 (37.9%)

Male 871 (65.15%) 54 446 (62.1%)

Age group*

Adult (≥18 years) 1294 (96.78%) 83 113 (94.79%)

Pediatric (<18 years) 43 (3.22%) 4567 (5.21%)

Ethnicity/race

Asian 70 (5.24%) 5501 (6.27%)

Black 293 (21.91%) 18 644 (21.26%)

Hispanic 249 (18.62%) 14 735 (16.81%)

White 705 (52.73%) 47 407 (54.07%)

Other 20 (1.5%) 1393 (1.59%)

COVID- 19 
death

No COVID- 19 
death

Among patients not carved 
out

Sex

Female 67 (39.64%) 33 167 (37.9%)

Male 102 (60.36%) 54 344 (62.1%)

Age group*

Adult (≥18 years) 169 (100%) 82 944 (94.78%)

Pediatric (<18 years) 0 (0%) 4567 (5.22%)

Ethnicity/race

Asian 9 (5.33%) 5492 (6.28%)

Black 37 (21.89%) 18 607 (21.26%)

Hispanic 38 (22.49%) 14 697 (16.79%)

White 82 (48.52%) 47 325 (54.08%)

Other 3 (1.78%) 1390 (1.59%)

*Statistically significant at p < .05.
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3.4  |  Scenario impacts on professional review 
flagging or preferred provider status

Beyond the average differences in HRs, the consequences of 
changes in performance metrics of individual transplant programs 
include being flagged for professional review or maintaining 
“preferred provider” or “center of excellence” status with insurance 
providers. If the COVID- 19 carve- out were removed from the 
January 2022 program evaluations, out of 599 unique transplant 

programs (unique combinations of transplant center and organ 
transplanted), 18 programs would no longer be flagged, but 23 
programs that were not flagged would have a flag added (Table S1), 
a net of five more programs flagged for professional review if the 
carve- out were removed (Table 5). If censoring for COVID- 19 
deaths were added to the carve- out, six programs would no 
longer be flagged, but nine programs that were not flagged would 
have a flag added (Table S1), a net of three more programs flagged 
for professional review. Even though the average HR for Midwest 

F I G U R E  2  Correlation plots for SRTR 
January 2022 program evaluation HRs 
compared with alternate scenarios. HR, 
hazard ratio; PSR, program- specific report

Scenario 1: No carve- out 
minus published HR

Scenario 2: Carve- out and COVID- 19 
censoring minus published HR

Organ

Heart 0.003 (−0.012 to 0.017) −0.003 (−0.01 to 0.003)

Kidney −0.007 (−0.018 to 0.004) −0.001 (−0.006 to 0.004)

Liver 0.013 (−0.001 to 0.028) 0 (−0.006 to 0.007)

Lung −0.001 (−0.022 to 0.021) 0.001 (−0.009 to 0.01)

Age group

Adult −0.001 (−0.01 to 0.007) −0.002 (−0.005 to 0.002)

Pediatric 0.004 (−0.008 to 0.016) 0.000 (−0.005 to 0.005)

Outcome

Graft failure 0.001 (−0.009 to 0.011) −0.001 (−0.005 to 0.004)

Patient death 0.000 (−0.009 to 0.01) −0.001 (−0.006 to 0.003)

Note: Values are given as HR difference (95% confidence interval). HR difference is HR from the 
scenario minus the published HR (i.e., HR with no carve- out minus HR from the published program 
evaluations).

TA B L E  4  Average hazard ratio (HR) 
differences for January 2022 program 
evaluations relative to alternative 
scenarios
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centers would be lower under COVID- 19 censoring, this scenario 
would lead to a net of three more programs in the Midwest 
flagged for professional review (Table 5). By organ, removing the 
carve- out would also cause bigger changes in which programs are 
flagged compared with censoring. For example, if the carve- out 
were removed, nine liver programs would have a flag added and 
two liver programs would have a flag removed while six kidney 
programs would have a flag added and 10 kidney programs would 
have a flag removed; by contrast, if COVID- 19 censoring were 
added, no liver programs would have a flag added and one liver 
program would have a flag removed while five kidney programs 
would have a flag added and three kidney programs would have a 
flag removed (Table S2).

Preferred- provider status algorithms vary across insurance pro-
viders, but a potential proxy is an SRTR 5- tier evaluation for first- 
year graft survival being within tier 4 or tier 5. SRTR's tier evaluation 
is presented publicly only for the graft failure outcome, and it is 
unique and important for each organ transplant program at a given 
transplant hospital or medical center. If the COVID- 19 carve- out 
were removed, 35 programs would move into top- tier status, but 42 
programs would move out of top- tier status (Tables S1 and S3), a net 
of seven fewer transplant programs with a tier- 4 or tier- 5 rating. If 
COVID- 19 deaths were censored in addition to the original carve- 
out, 13 programs would move into top- tier status, but 10 programs 
would move out of top- tier status (Tables S1 and S3), a net of three 
more transplant programs with a tier- 4 or tier- 5 rating (Table 6).

F I G U R E  3  Correlation plots for SRTR January 2022 program evaluation HRs compared with alternate scenario removing the carve- out 
by geographic region. HR, hazard ratio; PSR, program- specific report
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F I G U R E  4  Correlation plots for SRTR January 2022 program evaluation HRs compared with alternate scenario additionally censoring 
COVID- 19 deaths by geographic region. HR, hazard ratio; PSR, program- specific report

TA B L E  5  Programs with at least one MPSC flag under different evaluation scenarios

Region
January 2022 program 
evaluation

Scenario 1: No COVID- 19 
carve- out

Scenario 2: Carve- out plus 
COVID- 19 censoring

Midwest (n = 155 programs) 33 36 36

Northeast (n = 143 programs) 29 27 28

Northwest (n = 21 programs) 2 1 2

Southeast (n = 197 programs) 30 37 32

Southwest (n = 83 programs) 9 7 8

Abbreviation: MPSC, Membership and Professional Standards Committee.
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4  |  DISCUSSION

This study showed that removing the COVID- 19 carve- out from SRTR 
program evaluations would cause bigger changes in posttransplant 
evaluations than adding censoring for COVID- 19 deaths. While there 
were regions of the United States that had slightly, but statistically 
significantly, lower average HRs under either scenario, the impact at 
the program level in terms of flagging for professional review or high- 
tier ratings does not seem to systematically or predictably benefit or 
detriment some regions of the country over others. Some authors 
have speculated that because the pandemic surges occurred at dif-
ferent time points in the country, that the existing SRTR carve- out 
introduces biases that specifically disadvantage certain areas of 
the country (e.g., the Midwest and the Southeast) and favor others 
(e.g., the East Coast and West Coast).13 Our analysis of the effects 
of the carve- out refutes this notion. Although there could be ways 
the Northwest and Midwest, which had slightly lower HRs when re-
moving the carve- out and when adding censoring, respectively, were 
affected by the pandemic that were not fully accounted for by the 
method we used, it is difficult to speculate why this is. But we can 
note that the effect was rather small, with HRs moving by an average 
of 0.049 for the Northwest when removing the carve- out and 0.009 
for the Midwest when adding censoring for COVID- 19 cause of death.

While differential impacts of COVID- 19 by region was one rea-
son cited for the initial carve- out in the January 2021 SRTR program 
evaluations,7 by the January 2022 program evaluations, all regions 
of the country had experienced waves of COVID- 19, thus smooth-
ing out geographic variation over the cohort. However, the smallest 
unit available for incidence data is the county level, so comparisons, 
for example, between individual centers or between urban and rural 
areas, are not possible. The decision to continue the COVID- 19 
carve- out, endorsed by the SRTR Review Committee,9 was made 
to avoid penalizing transplant programs for transplants performed 
before, or during the first 2 months of, a global pandemic that they 
did not anticipate, which brought unprecedented disruption to the 
US transplant system.5 Although the general population incidence 
rates for COVID- 19 during the carved- out months was highest in 
the Northeastern United States, this does not mean that only the 
Northeast benefits from the carve- out. For example, while the 
Southeast began to have waves later in 2020 and in early 2021, cen-
ters in the Southeast would not have COVID- 19 deaths counted as 

program evaluation events for transplants performed before June 
13, 2020.

We explored additionally censoring COVID- 19 deaths among 
recipients who underwent transplant on or after June 13, 2020. 
Relative to removing the carve- out, adding censoring has a small 
impact on the program evaluation HRs, because many COVID- 19 
deaths are already effectively censored with the carve- out. The 
SRTR has not previously adjudicated “transplant- related” and “non-
related” outcomes, as censoring for certain causes of death can 
hide information that is of interest to patients, whose main interest 
is often this type of question: What are my chances at this cen-
ter of surviving 1 year, 5 years, 10 years, and so on? SRTR's Review 
Committee continues to review the pandemic at its quarterly 
meetings and to date has voted not to remove the carve- out, al-
though SRTR has heard similar requests to report the data as ob-
served without the carve- out. As the pandemic has progressed, 
centers have developed strategies and tools and vaccines have be-
come available to improve patient outcomes. Further censoring for 
COVID- 19 death later in the pandemic may obscure the effect of 
these improving practices and differences in their implementation 
across programs. However, we are currently unaware of any data 
collected at the national level on specific COVID- 19 management 
practices at individual centers or organ procurement organizations 
that could quantify these best practices; we acknowledge this as an 
opportunity for future study.

Additionally, even adding censoring for COVID- 19 cause of 
death is not universally beneficial to transplant program evalu-
ations and could have a net detrimental effect for programs on 
professional review flagging. This is because program evaluation 
HRs are risk- adjusted, meaning that, in addition to removing ob-
served events, censoring changes the calculation of expected 
events.11,12 Conversely, because COVID- 19 has had differential 
impacts across demographics14– 16 that are already included in the 
SRTR risk- adjustment models, expected graft failure or patient 
mortality are likely to be higher at programs where patients are 
at higher risk of infection or death due to COVID- 19; this may 
mitigate the effect of COVID- 19 on evaluations of programs serv-
ing vulnerable populations, even without censoring for COVID- 19 
deaths because higher expected graft failures will correspond 
to lower HRs given the same number of observed events. Risk 
adjustment is a much more versatile and precise method than 

TA B L E  6  Transplant programs with a tier- 4 or tier- 5 SRTR graft survival evaluation

Region
January 2022 program 
evaluation

Scenario 1: No COVID- 19 
carve- out

Scenario 2: Carve- out plus 
COVID- 19 censoring

Midwest (n = 155 programs) 74 77 78

Northeast (n = 143 programs) 69 62 72

Northwest (n = 21 programs) 14 14 12

Southeast (n = 197 programs) 103 97 99

Southwest (n = 83 programs) 49 52 51

Abbreviation: SRTR, Scientific Registry of Transplant Recipients.
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censoring (risk- adjustment model coefficients by organ and sce-
nario: Tables S4– S8).

COVID- 19 has been a possible cause of death in OPTN report-
ing since April 2020. It is not yet clear how completely centers are 
reporting COVID- 19 deaths. However, beyond concerns about un-
derreporting of direct COVID- 19 deaths, COVID- 19 can also be an 
indirect factor even among people who did not have a COVID- 19 
infection (eg, delaying medical care). Therefore, excess mortality due 
to COVID- 19 may be greater than the direct COVID- 19 deaths re-
ported in OPTN and SRTR data.17 Uncertainty in attributing deaths 
to COVID- 19, due to both possible underreporting and inability to 
account for indirect effects of COVID- 19, is an additional reason not 
to pursue censoring COVID- 19 deaths.

With the continued support of its Review Committee, SRTR 
will continue publishing program- specific reports with the carve- 
out, which will pass out of the cohort in January 2024, and will not 
add any cause- of- death censoring. We will continue to monitor the 
COVID- 19 pandemic and explore, as needed, ways to address the ef-
fects of COVID- 19 on monitoring and reporting, particularly for new 
evaluation metrics recently introduced for professional review— 
transplant acceptance rate, 90- day post- transplant mortality, and  
1- year survival conditional on 90- day survival— to which these 
 results may not fully extrapolate. Pretransplant (waitlist) mortality 
rates will additionally be introduced as a new metric for program 
review, although not until after the COVID- 19 carve- out is no longer 
affecting the cohorts.
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