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Abstract

We investigated the effect of the expanded criteria donor (ECD) label on (i) recovery of kidneys
and (ii) acceptance for transplantation given recovery. An ECD is age = 60, or age 50-59 with = 2
of 3 specified comorbidities. Using data from the Scientific Registry of Transplant Recipients
from 1999 to 2005, we modeled recovery rates through linear regression and transplantation
probabilities via logistic regression, focusing on organs from donors just-younger versus just-older
than the ECD age thresholds. We split the sample at July 1, 2002 to determine how decisions
changed at the approximate time of implementation of the ECD definition. Before July 2002, the
number of recovered kidneys with 0-1 comorbidities dropped at age 60, but transplantation
probabilities given recovery did not. After July 2002, the number of recovered kidneys with 0-1
comorbidities rose at age 60, but transplantation probabilities contingent on recovery declined. No
similar trends were observed at donor age 50 among donors with = 2 comorbidities. Overall,
implementation of the ECD definition coincided with a reversal of an apparent reluctance to
recover kidneys from donors over age 59, but increased selectiveness on the part of surgeons/
centers with respect to these kidneys.

Introduction

The persistent shortage of organs available for transplantation is one of most vexing policy

challenges facing the United States’ health care system. On December 31, 2008, 80,972

patients were wait-listed for a kidney transplant, up from 75,834 just a year earlier (1). The
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median time on the kidney waiting list exceeded three years (2), and the annual mortality
rate while on the waiting list was 7 percent (1). Responses to organ shortages in the United
States and other countries include increased use of organs from older donors (3), public
education efforts to raise the number of donations of cadaveric organs (4), measurement of
the performance of the organ procurement system in hopes of improving organ acquisition
rates (5), increased numbers of living kidney donations (6), and consideration of financial
incentives for donation (7, 8).

Given this increase, a formal definition of an expanded criteria donor (ECD) for kidneys was
published in 2002 (9), and a separate wait-listing procedure was developed for patients
willing to consider accepting an ECD [vs. a standard criteria donor (SCD)]. ECDs are
defined as deceased donors that are 1) aged 60 or older, regardless of the presence or
absence of comorbid conditions, or 2) aged 50-59 with at least two of three specified
comorbid conditions (history of hypertension, elevated serum creatinine indicating
suboptimal donor kidney function (>1.5 mg/dl), death caused by cerebrovascular accident).
The increased use of organs from older donors has been a particularly significant shift in
clinical policy. The number of kidneys transplanted from deceased donors meeting the ECD
criteria rose by 50 percent between 1997 and 2006 compared to an SCD increase of only
22.3 percent.

Transplantation of organs from older donors reduces average time on the waiting list, but
results in higher rates of transplant graft failure than would arise with the use of kidneys
from younger donors. In defining an ECD, Port et al (9) used a graft failure hazard ratio for
ECD kidneys relative to an ideal donor (age < 40 with none of the three comorbid
conditions) of at least 1.70. Coincidentally, the relative risk of graft failure for ECD
transplants compared to SCD kidneys (all those that do not meet ECD criteria) was 1.69. A
recent analysis has shown favorable selection from the pool of potential ECDs for
transplantation, estimating that the hazard ratio would rise to 2.20 if all ECDs were accepted
for transplantation (10). Therefore, understanding how kidneys from within the ECD
designation are selected for transplant is crucial to evaluating the tradeoffs between waiting
time and graft survival. If the selection process is too stringent, or insufficiently stringent,
the use of the ECD pool would be suboptimal.

In this regard, deceased donor kidney transplantation can be viewed as the outcome of two
sequential decision processes. The first process is completed by organ procurement
organizations (OPOs), the 58 entities contracted by the federal government to manage the
organ donation and recovery process in all hospitals within their defined service areas.
OPOs work with hospitals to identify potential donors, gain consent for donation from next-
of-kin, and arrange for the recovery and allocation of donated organs. The second process is
the acceptance of an organ offered to a candidate at a particular transplant center. Transplant
centers may vary in their willingness to use ECDs. For example, center practices with
respect to ECD listing have been documented. More than a quarter of centers listed fewer
than 20 percent of their transplant candidates for ECDs, while a quarter of centers listed
more than 90 percent of their transplant candidates for ECDs (11).
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It has been noted that the dichotomous distinction between SCD and ECD kidneys may be
interpreted as distinction between “good” and “bad” organs that may influence procurement
and acceptance decisions (12). Therefore, our objective was to evaluate the association
between the ECD label and deceased donor kidney recovery rates and the probability of
transplantation of such kidneys once recovered. To do so, we compared recovery and
transplantation decisions for donors barely younger and barely older than the ECD
thresholds (i.e., ages 50 and 60). Recent results from Rao et al (13) show that graft failure
rates exhibit a distinct VV-shaped relationship with age. Specifically, graft failure rates
decrease steadily with age up to age 18, then increase steadily above age 18. There is no
large, discrete drop in transplant graft outcomes at either donor age 50 or 60. Therefore, if a
discrete change in the recovery or transplant rates at either of the ECD threshold ages (50
and 60) were found, it would appear reasonable to conclude that the ECD label itself
influences decisions about which kidneys to recover and which to transplant. Conversely,
the lack of a discrete change at either of the age thresholds would be consistent with each
kidney being evaluated on its own merits and without regard to the ECD label per se. Sung
and colleagues (3) previously established an increase in ECD kidney recoveries and
transplants following the ECD policy implementation. Our analysis complements theirs by
separately testing for explicit breaks in the recovery and transplantation rates before and
after mid-2002 for donors “near” the ECD cutoffs.

We used national data from the Scientific Registry of Transplant Recipients (SRTR) on all
recovered deceased donor kidneys and all deceased donor kidney transplants from January
1, 1999 to December 31, 2005. Since the analysis was focused on evaluation of the ECD age
thresholds, the study population consisted of kidneys from donors aged 54 to 65 with 0-1 of
the listed comorbidities, and donors aged 44-55 with 2-3 of the listed comorbidities.

Kidneys recovered for transplantation were categorized by donor age (years), and linear
regression was used to model the number of recoveries (serving as the response variable) as
a function of donor age (covariate). This analysis is unadjusted, in the sense that donor age
is the only covariate in the model. Data were not available on the number of kidneys that
could have been recovered, because this population cannot be defined using currently
available data. Therefore, we cannot model the percent of potential kidneys recovered, and
our estimates based on actual number of donors may be influenced by unobservable
fluctuations in the size of the potential donor pool by age and time period.

Transplantation probability, conditional on recovery, was modeled using logistic regression.
This component of the analysis utilized all recovered kidneys, with transplantation serving
as the binary (yes/no) response in the logistic model. Adjustment covariates included donor
demographics (sex, race), cause of death (cerebrovascular accident, anoxia, tumor, other),
lifestyle habits (alcohol, smoking, cocaine, other drug use), disease history (cancer, diabetes,
hypertension), serology results (hepatitis B antibody, hepatitis C antibody, cytomegalovirus
antibody), cardiovascular disease, high creatinine level, blood urea nitrogen, presence of
protein in urine, clinical infection, and having tattoos.
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In the subgroup of donors with none or one of the three previously listed ECD comorbid
conditions, donor ages were grouped as 54-59, 60, and 61-65. In this subgroup, the 54-59
year-olds would not be classified as ECD, while donors aged 60-65 would meet the ECD
criteria. Similarly, among donors with two or three of the ECD comorbid conditions, ages
were grouped into 44-49, 50, and 51-55, where donors aged 50-55 would be classified as
ECD, unlike those below age 50.

With respect to the evaluation of the ECD labeling effect, the models for recovery frequency
(linear regression) and the probability of transplant given recovery (logistic model) used
linear splines, as depicted generically in Figure 1. The effect of age was fitted as piece-wise
linear with knots chosen to bracket the ECD age threshold. For example, as indicated in
Figure 1, for donors age 54-65, the regression line was allowed to change slope at ages 59
and 60. To illustrate the interpretation of the coefficients, suppose they follow the pattern in
Figure 1. B4 is negative and represents the decline in the probability of transplantation per
year of age as age rises from 54 to 59. The increase in the absolute value of the slope
between ages 59 and 60 (B, > 1 in absolute value) implies that the downward trend in
transplantation probability by age seen for ages 54-59 is discretely accentuated at age 60.
Had there not been this break in the trend at age 60, it would have been the case that f, = 4,
reflecting a continuation of the earlier trend line. As drawn in Figure 1, after age 60, the
trend by age returns to the level that prevailed below age 60 (B3 = 1). However, due to the
break that occurred at age 60, the transplantation probability at ages over 60 has shifted
down relative to what it would have been had the break had not occurred. In other words, the
reduction at age 60 persists at older ages even though the age trend (slope) returns to the
same level seen at ages 54-59 (the line at ages over 60 is parallel to, but lower than, the line
at ages 54-59). In this way, we tested for the existence of a sudden drop at age 60, then
evaluated whether the drop at age 60 persisted across ages 61-65. We adopted a similar
strategy for the donors aged 44-55, for which the spline had breaks at age 49 and 50.

We grouped the data into two calendar periods: January 1, 1999 to June 30, 2002 (just prior
to the development of the ECD definition) and July 1, 2002 to December 31, 2005 (just
following the ECD definition). Threshold-related phenomena observed during the post-ECD
period would be viewed with skepticism if they were also observed during the pre-ECD
period. The ECD policy did not formally take effect until November 1, 2002. However, we
used a slightly earlier cut point (at the mid-point of our time interval) to allow for the
possibility that any behavior changes may have already begun to occur in anticipation of the
policy. In particular, the expanded criteria issue was one focus of a prominent consensus
meeting held on March 28-29, 2001, and a report on that meeting was published in
September 2002 (14). Given that the difference between the mid-point of our time interval
and formal implementation of the ECD policy was only four months out of a seven year
time window, it is likely that the results would have been quite similar using a slightly
different cut point. Finally, as a natural follow-up to the recovery frequency and transplant
probability analyses, we estimated the shortfall/excess of kidneys due to changing recovery
or transplant patterns at the ECD threshold. Specifically, the shortfall/excess was calculated
as the actual kidney numbers (recoveries and transplants) minus the predicted kidney
numbers (recoveries and transplants) in a hypothetical scenario where the trend before 60
continues after 60.
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Statistical analyses were performed with SAS software, version 9.1 (SAS Institute; Cary,
North Carolina, USA). The authors have followed the suggestions of the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement guidelines for
reporting observational studies.

A summary of the donor kidneys used in the analysis is listed in Table 1. Approximately
two-thirds of the 15,708 recovered kidneys were transplanted.

As stated previously, the analysis evaluated referral frequency and transplant probability
(given referral) for two groups: (i) donors age 44-55 with two or three ECD comorbid
conditions and (ii) donors age 54-65 with zero or one comorbidity. In group (i), donors age
> 50 would be classified as ECD, while those age 44-49 would be considered non-ECD.
Similarly, in group (ii), only donors age = 60 would meet the ECD criteria. We evaluated
trends for each of these two groups separately during the pre- and post-ECD periods.

No noteworthy trends were observed for donors age 44-55 with two or three of the listed
comorbidities (data not shown). As a result, we focused on the age 54—65 group, for which
some notable findings were observed.

Trends in the number of kidneys recovered are described in Table 2, for donors age 54-65
with zero or one of the ECD comorbid conditions. Note that the values in Table 2 line up
with the model depicted in Figure 1. From ages 54-59, the number of kidneys recovered
decreased significantly (p=0.004) with age for both the pre-ECD (January 1999 to June
2002; p=0.004) and post-ECD (July 2002 to December 2005; p<0.0001) eras. For the pre-
ECD period, the slope (rate of change in the recovery rate per year increase in age) was not
significantly different for age 60 or age 61-65, than for the 54-59 age group. For the post-
ECD period, a near-significant increase (p=0.06) was observed in the procurement rate for
age 60 compared to that for age 54-59.

In Table 3, trends in the probability of a recovered kidney being transplanted are shown for
donors age 5465 with zero or one of the ECD comorbid conditions. The trends quantified
in Table 3 follow the model pictured in Figure 1. For donors age 54-59 (i.e., who would not
meet the ECD criteria), transplant probability decreased significantly with increasing age in
the pre-ECD era (p=0.009), but not in the post-ECD era (p=0.44). Compared to the slope
across age 54-59, the slope at age 60 decreased significantly during the post-ECD era
(p=0.001). The odds of transplantation (given recovery) decreased by 8.5% per year increase
in age for the 54-59 age group. However, the drop in transplant odds at age 60, relative to
age 59, was 44% (OR=0.56). In contrast, during the pre-ECD period, there was no sudden
drop in transplant probability at age 60, nor was the trend significantly different across the
54-59, 60, and 61-65 age ranges.

Figure 2 displays the results of a logistic regression model for likelihood of transplantation
within the 54-65 age group. For this model, we coded donor age as a categorical covariate,
with age 59 serving as the reference (OR=1.0), so that every age is compared to age 59. Of
primary interest here is the difference between the pre- and post-ECD periods with respect

Am J Transplant. Author manuscript; available in PMC 2015 June 04.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hirth et al.

Page 6

to the age 60 vs. 59 comparison. As shown in Figure 2, the difference in transplant odds
between age 59 and 60 was modest during the pre-ECD era (-2%; OR=0.98), but was very
strong during the post-ECD period (—62%; OR=0.38). The difference in these trends easily
reached statistical significance (p=0.0002). Although single year trends are subject to noise,
the Figure also reflects a drop going from age 60 to age 61 in the pre-ECD period. However,
a fairly consistent pattern emerges when comparing single year transplant odds in the pre-
and post-ECD periods, with lower transplantation odds in the post-ECD period for five of
the six ages at or above 60 years.

As shown in Table 4, we estimated that the lower rate of recovery pre-July 1, 2002 resulted
in approximately 200 fewer available kidneys and transplants than would have occurred had
the trends for donor ages 54-59 continued for ages 60-65. Conversely, the increase in
recovery post-July 1, 2002 resulted in approximately 500 more recovered kidneys than
would have occurred had trends for donor ages 54-59 continued for ages 60—65, but only
200 additional transplants due to the decline in transplantation probabilities contingent on
recovery. No similar changes in trends were observed at donor age 50 for those with two or
three of the ECD comorbidities.

Discussion

Age > 60 and the ECD label both appear to influence decision-makers, but the behavioral
patterns seem to have shifted substantially in 2002. Implementation of the ECD definition
coincided with a reversal of an apparent reluctance to recover kidneys from donors over age
59, but was accompanied by greater selectivity on the part of surgeons with respect to
transplanting these kidneys. These findings are only associations rather than conclusive
proof of causation. If other factors specific to organs from donors 60 years and older
changed at the same time the ECD definition was formalized, the observed patterns might
have been seen even if there was no causal impact of the ECD label itself. For example,
reporting or publication of favorable outcomes from single centers combined with the
continuing increase in waiting time for an SCD kidney could have increased the pressure to
transplant “marginal” organs concurrently with the implementation of the ECD criteria.
Likewise, activities such as the Organ Donation Breakthrough Collaborative may have
affected trends over our study period.

Before July 1, 2002, OPOs appeared less likely than expected (given trends in recoveries
among donors aged 54-59) to recover donors over 60, but centers/surgeons did not seem
less likely than expected to transplant such kidneys once recovered. This pattern is
consistent with OPOs pre-selecting only the most promising kidneys for transplantation in
this donor age group. The reduction in recoveries (relative to the expected number if trends
based on donors aged 54-59 are projected onto the age 60—-65 donor cohorts) translates to
approximately a one-to-one ratio of a decline in actual transplants.

Post-June 30, 2002, OPOs appear to have become more liberal about recovering ECDs 60
and older, but surgeons/centers appear to have responded by becoming more selective about
transplanting the kidneys recovered from these donors. The extra recoveries do appear to
have resulted in extra transplants, but the number of transplants increased by only about
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40% as much as the number of recoveries increased (both relative to the expected number if
trends based on donors aged 54-59 are projected onto the age 60-65 donor cohorts).

The lack of apparent behavior changes at the age 50 cutoff for ECDs with two or more of
the listed comorbidities is intriguing. This may reflect a general perception that age 55 or 60
is the rough cutoff for a “marginal” donor (15). Therefore, the formalization of the ECD
definition may have been more likely to affect behavior at that margin than at the age 50
margin.

As more experience with ECDs accrues, it will be useful to ascertain whether these changes
in behavior persist. In addition, future research could attempt to establish whether or not
patterns of ECD recovery and acceptance for transplant vary across OPOs, transplant
centers, or regions of the country. These findings also suggest that it may be moving to a
more continuous description of donor or organ quality, rather the a dichomous ECD vs. SCD
description, may be useful. Clearly, transplants from ECDs represent only a partial response
to the long-standing organ shortage. However, their role in providing access to kidney
transplants for substantial numbers of patients on the waiting list has been established, and
further research can help optimize their use.
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Figure 1.
Illustration of spline pattern expected if the relationship between donor age and probability

of transplantation changes at the age used to define ECD status.
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Results of a logistic regression model for transplantation probability within the 54-65 donor
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Table 1

Percentage of Donor Kidneys Transplanted Among Those Recovered

Donor Characteristics Recovered | Transplanted | Percent Transplanted
Age 44-55, with 2-3 comorbid conditions 8,728 5,387 62%
Age 54-65, with 0-1 comorbid conditions 6,980 5,253 75%
Total 15,708 10,640 68%
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Table 2
Trends in Number of Kidneys Recovered For Transplantation: Donors Age 54-65 With 0-1 Comorbid
Conditions
01/01/1999-06/30/2002 | 01/01/1999-06/30/2002 | 07/01/2002-12/31/2005 | 07/01/2002-12/31/2005

Trend” Estimate p Estimate p

Slope**(ﬁl): age 54-59 -16.54 0.004 -39.63 <0.0001

Difference in slopes (32-p1):age -36.12 0.12 58.06 0.06

54-59 vs. age 59-60

Difference in slopes (B3-p2):age 36.61 0.11 -46.37 0.12

60-65 vs. age 59-60

Difference in slopes (B3-p1):age 0.49 0.26 11.69 0.10

60-65 vs. age 54-59

*
Trends were estimated using a linear regression model featuring linear splines.

Fk

Slopes are interpreted as the covariate-adjusted change in number of donor kidneys recovered per 1-year increase in donor age.

+

All B labels refer to Figure 1
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Trends in Odds of Transplantation Among Recovered Kidneys: Donors Age 55-64 With 0-1 Comorbid

Conditions, Before and After ECD Policy Change

01/01/1999-06/30/2002

01/01/1999-06/30/2002

07/01/2002-12/31/2005

07/01/2002-12/31/2005

vs. age 54-59

Trend” Odds Ratio p Odds Ratio P
Slope**(ﬁl): age 54-59 0.915 0.009 0.973 0.442
Difference in slopes: age 54-59 0.997 0.986 0.557 0.001
vs. age 59-60

Difference in slopes: age 60-65 0.890 0.509 1.629 0.007
vs. age 59-60

Difference in slopes: age 60-65 0.887 0.062 0.907 0.002

*
Trends were estimated using a logistic regression model featuring linear splines.

Fk

Slopes are interpreted as the covariate-adjusted change in the odds*** of transplantation (among recovered kidneys) per 1-year increase in donor

age.

Fok

(decreases)
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