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Kidney allocation trends from deceased donors with acute kidney injury (AKI) have 
not been characterized since initial Kidney Donor Profile Index reporting in 2012 and 
its use under the revised Kidney Allocation System (KAS) in 2014. We conducted a 
retrospective analysis of US registry data to characterize kidney procurement and 
discard trends in deceased donors with AKI, defined by ≥50% or ≥0.3 mg/dl (≥4.0 mg/
dl or ≥200% for stage 3) increase in terminal serum creatinine from admission. From 
2010 to 2020, 172 410 kidneys were procured from 93 341 deceased donors 16 years 
or older; 34 984 kidneys were discarded (17 559 from AKI donors). The proportion 
of stage 3 AKI donors doubled from 6% (412/6841) in 2010 to 12% (1365/11493) in 
2020. Procurement of stage 3 AKI kidneys increased from 51% (423/824) to 80% 
(2183/2730). While discard of stage 3 AKI kidneys increased from 41% (175/423) in 
2010 to 44% (960/2183) in 2020, this increase was not statistically significant in in-
terrupted time- series analysis following KAS implementation (slope difference −0.41 
[−3.22, 2.4], and level change 3.09 [−6.4, 12.6]). In conclusion, the absolute number of 
stage 3 AKI kidneys transplanted has increased. Ongoing high discard rates of these 
kidneys suggest opportunities for improved utilization.
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1  |  INTRODUC TION

The US kidney transplantation system has evolved significantly 
within the past decade to improve allocation policies and address the 
growing kidney transplant waitlist. As of October 2020, the kidney 
transplant waitlist included 99 530 patients.1 On March 26, 2012, 
the Kidney Donor Profile Index (KDPI) was first introduced as a deci-
sion aid to transplant hospitals2 and later implemented on December 
4, 2014, as part of the Kidney Allocation System (KAS).3 KDPI is a 
continuous scale based on ten donor characteristics that improved 
upon the dichotomous standard/expanded criteria donor (SCD/ECD) 
classification and includes donor height, weight, terminal serum cre-
atinine (SCr), cause of death, history of diabetes, history of hyperten-
sion, hepatitis C virus (HCV)- infection, race/ethnicity, and donation 
after cardiac versus brain death status.3 Despite the move from a 
dichotomous measure to a continuous, surrogate measure of kidney 
quality, serious concerns persist that use of the KDPI has yielded un-
intended consequences in part due to its reliance on cross- sectional 
terminal kidney function data and inherent inability to account for 
fluctuations in deceased donor SCr prior to procurement.

Since KAS implementation, the overall deceased donor kidney 
discard rate has increased to approximately 20%.4 Further subgroup 
analyses showed that the discard rate of high KDPI kidneys previously 
considered SCD rose from 46.2% to 50.7% after KDPI implementa-
tion.5,6 This trend has been characterized by Bae et al. as the “labeling 
effect”5 where high KDPI kidneys may be difficult to convince patients 
and providers to accept despite comparable graft survival7 and better 
survival than remaining on the waitlist for a better kidney offer.8

Another group of kidneys that may have been impacted by the 
KDPI label is kidneys from deceased donors with acute kidney injury 
(AKI). The KDPI calculation uses the terminal SCr measurement at the 
time of organ procurement— a practice that fails to distinguish between 
transient SCr increases in deceased donors with AKI from those with 
preexisting chronic kidney disease.9 Although several studies10– 14 have 
demonstrated good outcomes for recipients of kidneys from deceased 
donors with AKI, deceased donor AKI has been shown to be a strong 
predictor of discard for kidneys procured by five organ procurement or-
ganization (OPOs) from 2010 to 2013.15 Nationally, 27% (4757/17 468) 
of kidneys procured from deceased donors with AKI were discarded 
from 2010 to 2013.11 We undertook this study to characterize tempo-
ral trends in the allocation of kidneys from deceased donors with AKI in 
the setting of KDPI introduction and KAS implementation.

2  |  METHODS

2.1  |  Data source and study cohort

We used 2010– 2020 DonorNet data from the Organ Procurement and 
Transplantation (OPTN) system. OPTN registers deceased donors and 
communicates organ offers to transplant hospitals with OPOs. The 
OPTN system includes data submitted by OPTN members on all donors, 
wait- listed candidates, and transplant recipients in the US. The Health 

Resources and Services Administration (HRSA) of the US Department 
of Health and Human Services provides oversight to the activities of 
the OPTN contractor, the United Network for Organ Sharing (UNOS). 
Our initial study cohort consisted of a total of 103 123 deceased donors 
who had at least one solid organ procured for the purpose of trans-
plantation between January 1, 2010 and December 31, 2020 (Figure 1).

From the available 103 123 deceased donors in the OPTN reg-
istry procured during this timeframe with valid SCr values (between 
0.01 and 40 mg/dl), admission dates, and aortic cross- clamp dates, 
we excluded donors with less than two SCr measurements between 
admission date and clamp date (n = 1378). Donors younger than 
16 years (n = 7251) or with both kidneys transplanted in the same 
recipient (n = 1153) were also excluded. This provided a final cohort 
of 93 341 deceased donors.

DonorNet provides encrypted UNOS donor identification num-
bers which were linked to the UNOS Standard Transplant Analysis 
and Research (STAR) files to link donors with their corresponding 
kidney recipients and OPTN- defined recipient outcomes. Serial SCr 
measurements from DonorNet have previously been validated using 
medical record- abstracted SCr from five OPOs.11 KDPI was retro-
spectively calculated relative to all deceased kidney donors pro-
cured in 2010 in the OPTN database.16,17 

The study was approved by HRSA and the institutional review 
boards at participating institutions under a waiver of consent be-
cause deidentified data were used. The clinical and research ac-
tivities reported herein are consistent with the Principles of the 
Declaration of Istanbul as outlined in the Declaration of Istanbul on 
Organ Trafficking and Transplant Tourism. We adhered to the ethical 
principles of the Declaration of Helsinki.

2.2  |  Defining deceased- donor AKI

We used data from DonorNet to obtain additional SCr measure-
ments, beyond terminal SCr alone, to identify AKI. DonorNet pro-
vides serial SCr measurements during the hospitalization of most 
donors. If multiple SCr measurements were available within the 
same day, we used the lowest SCr level on the date of hospital ad-
mission and the highest SCr level on the date of organ procurement. 
Deceased- donor AKI was defined as ≥50% increase in the terminal 
SCr level from admission or an absolute increase of at least 0.3 mg/
dl (26.5 mmol/L). Stages of AKI were defined by KDIGO (Kidney 
Disease: Improving Global Outcomes) SCr criteria from admission to 
the terminal value as follows: stage 1 (≥0.3 mg/dl or 50% increase), 
stage 2 (≥100% increase), and stage 3 (≥4.0 mg/dl or ≥200% in-
crease).18 Definitions of AKI and stages of AKI were irrespective of 
urine output or initiation of dialysis as these data were not available.

2.3  |  Statistical analysis

Continuous variables were reported as the median (interquartile 
range) or the mean (standard deviation). Differences in demographic 
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characteristics, clinical characteristics, and kidney procure-
ment characteristics were compared using Kruskal– Wallis or chi- 
square test for continuous and categorical variables, respectively. 
Differences were also reported as standardized mean differences.

We calculated the proportion of kidneys procured from deceased 
donors in our study cohort from January 1, 2010 to December 31, 
2020. We then calculated the discard rate, defined as the percent of 
kidneys subsequently discarded after procurement for transplanta-
tion. We stratified trends in procurement and discard them by stages 
of AKI. We used interrupted time series (ITS) with linear regression 
modeling to quantify (1) the estimated changes in the kidney pro-
curement rate among potential donors referred to OPOs and (2) the 
kidney discard rate associated with both the KDPI introduction and 
KAS implementation.19 The Durbin- Watson statistic was used to 
test for the presence of autocorrelation. Autocorrelation and par-
tial autocorrelation function plots were used to assess the order of 
autoregressive and moving average series. Plots of the rates did not 
reveal an effect of seasonality. Therefore, the models did not in-
clude seasonal adjustment. Final models included an error structure 
corresponding to an autoregression model of order 1. ITS analyses 
were adjusted for donor characteristics used in the KDPI calcula-
tion: Black race, hypertension, diabetes, cause of death, donation 
after cardiac death status, HCV antibody seropositivity status, av-
erage age, and body mass index (BMI). The following metrics were 
presented from the ITS Analyses: slope, slope differences, and level 
changes. We calculated the slopes in procurement and discard rates 

using pre and post KDPI periods (pre- KDPI from 2010 Q1 to 2012 
Q1; post- KDPI 2012 Q2 to 2014 Q4) or pre-  and post- KAS intro-
duction periods (pre- KAS from 2012 Q2 to 2014 Q4 and post- KAS 
from 2015 Q1 to 2020 Q4). We defined slope difference as the dif-
ference in the slopes of procurement or discard rate from pre-  and 
post- KDPI implementation periods or pre-  and post- KAS introduc-
tion periods. Level change is the step difference in the procurement 
or discard rate at the date of KDPI introduction or KAS implemen-
tation. Figure S1 graphically explains the ITS metrics. All inference 
testing was 2- sided with a significance level of p < .05 with the use 
of the Hochberg multiple comparison testing method.20 When ex-
amining transplantation rates of AKI kidneys by transplant centers, 
we excluded pediatric transplant centers. Analyses were conducted 
in SAS, version 9.4 (SAS Institute, Inc).

3  |  RESULTS

3.1  |  Trends in the characteristics of the deceased- 
donor pool

The number of all study- eligible deceased kidney donors with at 
least one kidney procured for transplant purposes increased from 
6841 in 2010 to 11 493 in 2020. Changes in the demographic char-
acteristics of study- eligible deceased donors before and after KAS 
implementation can be seen in Figure 2A,B. The proportion of 

F I G U R E  1  Flow chart of cohort 
selection. SCr, serum creatinine
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donors with the following characteristics increased from 2010 to 
2020: hepatitis C serostatus (5%– 11%), obesity (31%– 38%), terminal 
SCr ≥3 mg/dl (7%– 14%), and cardiac determination of death (10%– 
20%), p- values <.05 for all (Figure 2A). The proportion of donors 
with donation after cardiac determination of death (DCD) increased 
among all stages of AKI from 2010 to 2020 (Table S2, Table S4A). 
Donor race/ethnicity, diabetes status, and hypertension status did 
not change significantly during this timeframe. Of the 93 341 de-
ceased donors, 33 682 (36%) experienced AKI. The proportion of 
deceased donors with any AKI remained consistent during the study 
period (38% in 2010 to 37% in 2020), while the proportion of donors 
with stage 3 AKI increased from 6% in 2010 to 12% in 2020. Stage 
3 AKI accounted for a growing proportion of donors with high ter-
minal SCr (>3 mg/dl), increasing from 66% (326/491) in 2010 to 74% 
(1228/1657) in 2020 (Table 1). The characteristics of donors with 
stage 3 AKI have shown increases in age, BMI, DCD status, and HCV 
seropositivity. Average terminal SCr values among donors with stage 
3 AKI increased from 4.7 (2.45) mg/dl in 2010 to 5.49 (2.54) mg/dl in 
2020 mg/dl (Figure 2B; Table S4C).

From 2010 to 2020, procured kidneys were statistically signifi-
cantly more likely to be machine- perfused (39%– 55%), biopsied 
(43%– 52%), and have prolonged cold ischemia times (≥15 h; 50%– 
58%) (Figure 2C; Table S4B). Biopsy rates, perfusion rates, and cold 
ischemia times also increased among procured stage 3 AKI kidneys 
from 2010 to 2020. Biopsy rates increased from 73% in 2010 to 92% 
in 2020 (Figure 2D; Table S4D).

3.2  |  Trends in the procurement of kidneys for 
transplantation from AKI donors

A total of 172 410 kidneys were procured for transplantation during 
the study timeframe. The number of deceased- donor kidneys pro-
cured increased from 12 612 in 2010 to 21 773 in 2020 (procure-
ment proportion increased from 92.2% in 2010 to 94.7% in 2020). 
AKI kidneys accounted for 34% (57 839/172 410) of the kidneys pro-
cured during the timeframe. The proportions of kidneys procured re-
mained stable from 2010 to 2020 among deceased donors without 

F I G U R E  2  Donor characteristics (A, B) and kidney procurement practices (C, D) among the deceased donor pool from 2010 to 2020. 
Donor characteristics are presented for all donors (A) and Stage 3 AKI donors (B). Kidney procurement practices are presented for all 
donors (C) and Stage 3 AKI donors (D). Points represent proportions. BMI, body mass index; CVA, cerebrovascular; DCD, donor after cardiac 
death; KAS, Kidney Allocation System; KDPI, Kidney Donor Profile Index; OPO, organ procurement organization. Cold ischemia time was 
dichotomized at the median time of 15 h
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AKI, with stage 1 AKI, and with stage 2 AKI (Table 2, Figure 3A,B). 
The procurement proportion increased among donors with stage 3 
AKI from 51.3% (423/824) in 2010 to 80.0% (2183/2730) in 2020. 
The number of OPOs that did not procure any kidneys with stage 3 
AKI decreased from 3 in 2010 to 1 in 2020.

Figure 4A,B show ITS analysis of procurement rates follow-
ing KDPI introduction and KAS implementation by stages of AKI, 
respectively. The adjusted level change (95% confidence interval 
[CI]) with KDPI introduction on the procurement rate— illustrated 
in Figure 4A by an upward or downward step change after the first 
quarter (March) of 2012— were as follows: −1.2 (−2.2, −0.2) for kid-
neys without AKI, −1.7 (−4.0, 0.5) for stage 1 AKI kidneys, 3.4 (−2.7, 
9.5) for stage 2 AKI kidneys, and −3.3 (−11.6, 5.0) among stage 3 
AKI kidneys following KDPI introduction (Table S3A). These cor-
respond to slope differences (95% CI) of 0.09 (−0.14, 0.32) among 
kidneys without AKI, 0.21 (−0.24, 0.66) for stage 1 AKI kidneys, 
−0.35 (−1.19,0.48) for stage 2 AKI kidneys, and −0.39 (−1.89, 1.11) 
for stage 3 AKI kidneys (Figure S1). The adjusted level changes 
(95% CI) in procurement rate following KAS implementation were 
−1.1 (−4.4, 2.2) for kidneys without AKI, −2.6 (−7.2, 2.0) for stage 1 
AKI, 0.3 (−6.8, 7.4) for stage 2 AKI, and −0.3 (−9.2, 8.6) among stage 
3 AKI kidneys (Figure 4B; Table S3B). These correspond to slope 
differences (95% CI) of 0.05 (−0.28, 0.38) among kidneys with-
out AKI, 0.07 (−0.54, 0.68) among stage 1 AKI, 0.82 (−0.4, 2.03) 
among stage 2 AKI kidneys, and 0.1 (−2.33, 2.54) among stage 3 
AKI kidneys.

3.3  |  Trends in the discard of kidneys procured for 
transplant from AKI donors

Among the 172 410 kidneys procured, 137 426 (80%) were trans-
planted and the remaining 34 984 (20%) were discarded. The num-
ber of discarded deceased- donor kidneys increased from 2451 in 
2010 to 4785 in 2020 but the overall discard rate increased from 
19.4% (2451/12612) in 2010 and 22.0% (4785/21773) in 2020 
(Table 2). Kidneys from deceased donors with AKI accounted for 
50% (17 559/34 984) of kidneys discarded over the study period. 
The discard rate did not statistically significantly change for kid-
neys from donors without AKI or donors with stage 1 AKI from 
2010 to 2020 (Table 2, Figure 3C,D). Discard of kidneys from do-
nors with stage 2 AKI increased from 29.2% (268/919) in 2010 to 
33.9% (503/1485) in 2020. Discard of kidneys from donors with 
stage 3 AKI increased from 41.4% (175/423) in 2010 to 44.0% 
(960/2183) in 2020.

Interrupted time series analysis of kidney discard following 
KDPI introduction and KAS implementation by stages of AKI can 
be seen in Figure 4C,D as an upward or downward step change 
in March 2012 and January 2015, respectively. The slope differ-
ences for stage 3 AKI kidneys following KDPI and KAS implemen-
tation and are shown in Table S3A,B, respectively. There were 
no statistically significant changes in discard by KDPI or KAS 
implementation.TA
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3.4  |  Transplant center- level trends

The number of transplant centers that used stage 3 AKI kidneys in-
creased from 87/243 (36%) in 2010 to 137/243 (56%) in 2020. The 
proportion of transplant centers with high stage 3 AKI kidney uti-
lization (>5% of all their transplants that year) increased from 13% 
(35/243) in 2010 to 32% (78/243) in 2020 (Table 3).

4  |  DISCUSSION

From 2010 to 2020, the proportion of referred donors with stage 3 
AKI and the procurement rate of stage 3 AKI kidneys increased sig-
nificantly. The discard rate of stage 3 AKI kidneys dropped from 41% 
in 2010 to 32% in 2012 before increasing to 44% in 2020, a rise that 
coincided with the introduction of KDPI and implementation of KAS. 
Increases in the utilization of stage 3 AKI kidneys at the transplant 

center level appear to be driven by a small proportion of transplant 
centers (centers with >5% of their transplants each year from stage 
3 AKI kidneys) that have aggressively utilized these kidneys, as the 
majority of centers use relatively few stage 3 AKI kidneys.

The observed increases in the proportion of deceased donors 
with stage 3 AKI may be partially explained by increasing prevalence 
of risk factors including obesity, circulatory determination of death, 
sepsis, acute heart failure, and increased rates of cardiac catheter-
ization and mechanical ventilation.21 The incidence of severe AKI 
among hospitalized patients has been rising and thus the increas-
ing prevalence of AKI among deceased donors is not unexpected.21 
On the other hand, it is also possible that some temporal trends ob-
served here are due to changes in the aggressiveness of OPOs over 
time, such that some OPOs pursued donors with higher KDPIs and 
reported these donors to UNOS.

Despite the possibly higher comorbidity profile, cohort and 
registry- based findings support the use of AKI kidneys. However, 

F I G U R E  3  Trends in kidney procurement (A, B) and discard (C, D) by stages of AKI from 2010 to 2020: (A, C) absolute counts of the 
number of kidneys procured and discarded from 2010 to 2020 by stages of AKI and (B, D) proportion of kidneys procured and discarded 
from 2010– 2020 by stages of AKI. AKI, acute kidney injury
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our study identified that nearly half of all discarded kidneys from 
2010 to 2020 were from donors with AKI. In a review of 28 cohort 
and registry- based studies on AKI and graft failure, 25 studies found 
no association between AKI and graft failure.12 Findings from the 
remaining three studies may be attributed to different practices 
in the United Kingdom compared to the United States22,23 as well 
as restricted settings in intensive care24 and ECDs.25 A propensity 
score- matched US registry study detected no association between 
AKI and graft failure, even in the most severe instances of AKI.11 The 
comparable rates of graft survival between AKI and non- AKI kidneys 

have been hypothesized to be the result of fluid losses and hemo-
dynamic changes from vasopressin fluctuations during brain death, 
resulting in high terminal SCr that may not be indicative of intrinsic 
tissue injury.26– 28 AKI kidneys, including stage 3 AKI kidneys, may be 
a viable and underutilized group of deceased- donor kidneys.

The discard rate of stage 3 AKI kidneys decreased from 2010 
to 2012 before increasing until the end of 2020, coinciding with 
the introduction of KDPI in 2012 and subsequent KAS implemen-
tation in 2014. Increased procurement and discard rates have led 
to proportionately less utilization, although the absolute number of 

F I G U R E  4  Interrupted time series (ITS) of kidney procurement (A, B) and discard (C, D) by stages of AKI after Introduction of KDPI (A, C) 
and implementation of KAS (B, D). Points represent observed rates per quarter. Lines represent predicted rates from ITS analysis. The dotted 
vertical lines indicate the introduction of KDPI (A, C) or the implementation of KAS (B, D). AKI, acute kidney injury; KAS, Kidney Allocation 
System; KDPI, Kidney Donor Profile Index. See Table S3 for ITS effect estimates and Figure S1 for a graphical explanation of ITS
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kidneys utilized has increased. A subsequent ITS analysis, a quasi- 
experimental design that evaluates the effect of an intervention, 
confirmed that the decline in the discard rate of stage 3 AKI kidneys 
prior to 2012 and increase after KAS implementation or KDPI in-
troduction was not statistically significant. Our findings, although 
not statistically significant, suggest there may be a KDPI “labeling 
effect” where viable kidneys with high KDPI scores are less likely to 
be accepted by patients and transplant centers.5 This labeling effect 
may be most evident for KDPI >85% kidneys, since receiving offers 
for such kidneys requires explicit, written consent from the patient.2 
In fact, most (~70%) high terminal SCr values are from donors with 
stage 3 AKI— and disproportionately more likely to discarded.29 
For example, in a 41- year- old, Black donor with hypertension and 
diabetes, without HCV and DCD, with a cerebrovascular cause of 
death, and stage 3 AKI, calculations based on his terminal SCr of 
6.6 mg/dl generates a KDPI of 85 compared to his lowest SCr value 
in DonorNet of 0.9 mg/dl which generates a KDPI of 70. The result-
ing high KDPI scores driven by high terminal SCr due to AKI status 
may have increased the discard of viable AKI kidneys— without sig-
nificant improvement in the performance of the KDPI.9 Additional 
possible contributors to lower utilization include fear of poor out-
comes, potential increased resource utilization coupled with non- 
reimbursement, and other constrains in such allocation practices.

Alternatively, the advent of KDPI and KAS may have supported a 
more aggressive pursuit of donor kidneys. As such, KDPI and/or KAS 
implementation may have mediated the observed increases in stage 
3 AKI discard rate. These two seemingly paradoxical trends— the rise 
in stage 3 AKI kidney discard rate, concurrent with an increase in 
the number of centers transplanting these kidneys— are likely due 
to increased procurement of stage 3 AKI kidneys that outpaces 
utilization. In addition, prior studies have identified the existence 
of aggressive centers that consistently use suboptimal grafts.30 
Aggressive centers, defined in our study as transplant centers with 
>5% of their transplants from stage 3 AKI kidneys, comprise a small, 
growing proportion of US transplant centers. The majority of trans-
plant centers use few stage 3 AKI kidneys, and almost half of all US 
transplant centers did not use any stage 3 AKI kidneys in 2020. The 
influx of procured stage 3 AKI kidneys has also coincided with in-
creased usage of kidney hypothermic machine perfusion and longer 
cold ischemia times, the former of which has been identified as a 
significant buffer in preventing discard.31 As the transplant system 
faces a steady influx of kidneys, mock organ offer simulation studies 
including UNOS’s DonorNet simulator, SimUNet, could help fore-
cast behavioral changes in organ offer acceptance practice as OPOs 
procure more complex kidneys, including those from donors with 
AKI.32 Further utilization of stage 3 AKI kidneys may be assisted by 
availability of repair biomarkers like YKL- 40 or uromodulin and oste-
opontin that are associated with improved long- term graft outcomes 
in recipients.33,34

There are several strengths and limitations to consider in our 
study. First, we used national registry data from 2010 to 2020 to 
characterize trends in deceased- donor kidney procurement and al-
location practices in the US. Use of DonorNet provided serial SCr TA
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measurements to more closely align AKI definitions with estab-
lished definitions and includes all solid organ donors— regardless of 
whether they a kidney was procured or not. To our knowledge, this 
is the first study to characterize national trends in the procurement 
and utilization of AKI kidneys from deceased donors using this defi-
nition of AKI. Finally, the use of ITS analyses accounted for underly-
ing trends in donor demographics and kidney allocation practices, as 
well as secular trends.19 Limitations to our study include lack of urine 
output to define AKI according to KDIGO guidelines. In addition, use 
of the lowest SCr on admission as the baseline to calculate AKI may 
have underestimated the true number of stage 3 AKI kidneys as 
events prior to hospitalization may elevate SCr. Furthermore, the ITS 
analyses assume a lack of competing interventions during the study 
timeframe. Sample sizes are also much smaller for stage 3 AKI group, 
which limits the power to detect potentially real effects. This limita-
tion may explain why some apparently large effects upon visual ex-
amination are statistically insignificant (i.e., stage 3 AKI). Finally, the 
final year of the study (2020) was impacted immensely by COVID- 19, 
particularly as kidney discard rates spiked at the start of the pan-
demic. Data points from early 2020 may serve as leverage/influence 
points in ITS analyses.

In conclusion, we found statistically insignificant increases in the 
procurement and discard rates of stage 3 AKI kidneys following im-
plementation of KAS. Although the discard rate has increased, the 
absolute number of stage 3 AKI kidneys transplants has increased 
and the number of transplant centers utilizing stage 3 AKI kidneys 
has increased from 33% to over half. This may reflect increased cen-
ter adoption and experience with stage 3 AKI kidneys with contin-
ued room for improvement in organ utilization.
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