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1  | INTRODUC TION

On July 10, 2019, the president of the United States issued Executive 
Order 13879.1 Among other things, this order required that the 

secretary of Health and Human Services (HHS) propose a regulation 
within 90 days to enhance the procurement and utilization of organs 
available for transplant through deceased donation. On December 
23, 2019, the Centers for Medicare and Medicaid Services (CMS) 
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under HHS issued a Notice of Proposed Rule Making (NPRM) that 
describes 2 new metrics to assess how well the 58 organ procure-
ment organizations (OPOs) in the United States procure organs for 
transplant.2 The goal is to dramatically increase the number of or-
gans available for transplant, including doubling the number of kid-
neys available for transplant by 2030. The plan is to decertify OPOs 
that fail to meet CMS standards and HHS goals, recompeting those 
service areas to OPOs that do meet the standards.

CMS has proposed 2 new performance metrics:

•	 Donation Rate: the number of deceased donors divided by the 
number of potential donors within the OPO’s donation service 
area (DSA).

•	 Organ Transplant Rate: the number of organs transplanted from 
deceased donors divided by the number of potential donors 
within the OPO’s DSA.

The Scientific Registry of Transplant Recipients (SRTR), estab-
lished by the National Organ Transplantation Act (NOTA)3 and the 
Organ Procurement and Transplantation Network (OPTN) Final 
Rule,4 is charged with assessing the performance of the nation's 
transplant system, including the performance of OPOs. Therefore, 
SRTR analyzed how the proposed metrics and standards for OPOs 
might affect the transplant system.

2  | MATERIAL S AND METHODS

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 OPTN. The Health 
Resources and Services Administration, US Department of HHS, pro-
vides oversight of the activities of the OPTN and SRTR contractors.

As proposed by CMS, we assessed potential donors using the 
Detailed Multiple Cause of Death (MCOD) data made available 
by the Department of Vital Statistics, National Center for Health 
Statistics, Centers for Disease Control and Prevention (CDC). We 
obtained the data for calendar years 2016 and 2017; 2017 was the 
most current year of data available at the time of data acquisition.

The proposed CMS metrics define potential donors as individu-
als meeting all of the following criteria:

•	 Age 75 years or younger, that is before the 76th birthday, on the 
date of death.

•	 Death occurred in an inpatient setting, defined by the CDC as 
“Hospital, Clinic, or Medical Center—Inpatient,” excluding deaths 
that occurred in the emergency department or outpatient clinic, 
or deaths deemed dead on arrival.

•	 The decedent had no exclusionary diagnoses defined by 
International Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10-CM) codes (CMS-3380-P, table 2). A death 
was excluded if any of these codes were present in any position 
on the death certificate.

In our analysis, only deaths occurring within the 50 States, the 
District of Columbia, Puerto Rico, and the US Virgin Islands were 
considered. In addition, we included deaths of non-US residents 
within those locations, as OPOs would be responsible for these 
deaths. Deaths were assigned to DSAs by the county in which they 
occurred, not the county of permanent residence, although both 
are available in the MCOD data. As the NPRM did not map coun-
ties to DSAs, we used the SRTR county assignments published 
semiannually in the SRTR OPO-specific reports (available at www.
srtr.org). When counties are known to be shared or split between 
2 different OPOs, we used the last known official CMS assignment 
of the county to assign all deaths within the county to the primary 
OPO serving the county. This resulted in a 1:1 mapping of counties 
to OPOs.

Deceased donors were identified in SRTR data and defined as 
follows:

•	 Deceased donor with a date of recovery between January 1, 
2016, and December 31, 2017. Date of recovery was used rather 
than date of death because date of recovery resulted in counts 
matching the donor counts presented in the NPRM.

•	 Donors were limited as proposed in the NPRM to those from 
whom at least 1 organ was transplanted, or whose pancreas was 
used for research or islet cell transplant.

Filtering step CMS proposal DDPS Goldberg

Total deaths 2 851 313 2 851 313 2 851 313

Age <76 y 1 356 812 (48%) 1 356 812 (48%) 1 356 812 (48%)

Inpatient 460 634 (16%) 460 634 (16%) 460 634 (16%)

Without exclusionary 
diagnosis

271 260 (9.5%) 188 069 (6.6%) NA

With inclusionary 
diagnosis

NA 50 273 (1.8%) 146 276 (5.1%)

Potential donors 271 260 (9.5%) 50 273 (1.8%) 146 276 (5.1%)

Abbreviations: CMS, Centers for Medicare and Medicaid Services; DDPS, Organ Procurement and 
Transplantation Network's Deceased Donor Potential Study.

TA B L E  1   Defining potential donors

http://www.srtr.org
http://www.srtr.org
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The number of organs transplanted was calculated per the 
NPRM, with an organ defined as “… a human kidney, liver, heart, lung, 
pancreas, or intestine (or multivisceral organs when transplanted at 
the same time as an intestine). The pancreas counts as an organ even 
if it is used for research or islet cell transplant.” Right and left kidneys 
and lungs were counted separately, livers were counted as 2 if split, 
and intestines and pancreata were counted as 2 if segmented and 
both segments were transplanted.

Donation rate was calculated as the number of donors multiplied 
by 100 and divided by the number of potential donors, and organ 
transplant rate was calculated as the number of organs transplanted 
multiplied by 100 and divided by the number of potential donors. 
Confidence intervals were estimated as a 1-sided upper 95% confi-
dence interval specified in the NPRM as “…the Wilson score interval 
with continuity correction (Newcombe 1998) is used to calculate the 
confidence interval for the donation rate of each OPO. The Wilson 
and Hilferty formula (Wilson and Hilferty 1931, Breslow and Day 
1987, Kulkarni and Hemangi 2012) is used to calculate the confi-
dence interval for the transplant rate of each OPO.”

Although the assessments based on the metrics proposed in the 
NPRM were proposed to be unadjusted, we assessed the effects of 
adjusting for potential confounders in a Poisson regression model ad-
justing for the age, race, and Hispanic ethnicity of the decedent. Given 
that the metric numerators are based on OPTN data, while the donor 
potential denominator is based on CDC data, possible risk adjusters are 
restricted to elements found in both data sources. Both data sources 
include age, sex, race, Hispanic ethnicity, and cause of death. Because 
we cannot guarantee a 1:1 match of the potential donors to the actual 
donors, given the disparate data sources, risk adjusters were rendered 
categorical to ensure adequate cell sizes. Age was categorized as 0-5, 
6-10, 11-18, 19-35, 36-50, 51-65, and 66-75  years. Race was cate-
gorized as white, black, Asian, or other. Adjusting for cause of death 
would require mapping ICD-10-CM coded causes into the 5 causes 
identified in the OPTN data (anoxia, cerebrovascular accident/stroke, 
central nervous system tumor, head trauma, and other), a difficult un-
dertaking. Adjustment for sex could also be explored.

All analyses were performed using R (version 3.6.1, R Core Team, 
2019). R: A language and environment for statistical computing. R 
Foundation for Statistical Computing) and SAS (version 9.4, SAS 
Institute).

3  | RESULTS

3.1 | Potential donors

In 2017, 2 851 313 deaths occurred in the US; 1 356 812 (48%) de-
cedents were aged 75 years or younger; of these deaths, 460 634 
(16%) occurred in inpatient settings (Table 1). Of these inpatient 
deaths, applying the proposed exclusionary diagnostic codes re-
sulted in 271  260 meeting the proposed definition of a potential 
donor (9.5% of total deaths). We contrasted the CMS proposed 
definition with the inclusionary and exclusionary definitions used by 

both the OPTN’s Deceased Donor Potential Study,5 and the meth-
odology employed by Goldberg6 and also being considered by CMS 
to calculate its proposed metrics. The Deceased Donor Potential 
Study (DDPS) used approximately 200 additional exclusionary ICD-
10-CM codes along with a series of inclusionary codes that must 
be present on the death certificate. This more restrictive definition 
resulted in 50 273 potential donors (1.8% of total deaths). Goldberg 
et al used a series of inclusionary diagnostic codes, but employed no 
exclusionary codes, resulting in 146 276 potential donors (5.1% of 
total deaths). Therefore, CMS’s proposed methodology results in the 
largest number of deaths classified as potential donors.

Potential donors ranged from a low of 1086 in the Legacy 
of Life—Hawaii's (HIOP) service area to a maximum of 12  924 in 
OneLegacy's (CAOP) service area (mean 4677, standard deviation 
2722, interquartile range 2329-5807). The 271 260 potential donors 
in our analysis differed from the 272 105 in the NPRM (CMS-3380-P, 
Table 3) by 845, possibly because of differences in how shared coun-
ties are tabulated and/or differences in interpretation of the ICD-
10-CM exclusionary diagnostic codes (see Discussion).

3.2 | Donation rate and organ transplant rate

In our analysis, there were 9731 donors in 2017, matching what was 
reported in the NPRM (CMS-3380-P, table 3). Nationally, 3.59 do-
nors were procured per 100 potential donors. Donation rates ranged 
from a low of 1.78 (AROR) to a high of 6.41 (WIUW) donors per 100 
potential donors (Table 2).

Using CMS’s proposed accounting of organs transplanted, we 
found 32 173 organs transplanted, again matching the NPRM (CMS-
3380-P, table 4). The national organ transplant rate was 11.82 organs 
transplanted per 100 potential donors (Table  3). Organ transplant 
rates ranged from a low of 5.02 (NYFL) to a high of 21.46 (WIUW).

3.3 | Proposed performance standards

CMS has proposed a performance standard requiring each OPO’s do-
nation rate and organ transplant rate to not be statistically significantly 
lower than the 75th percentile of the prior year's donation and organ 
transplant rates. The 75th percentile of the 2016 donation rate was 
4.11 donors per 100 potential donors. In 2017, 31 (53%) OPOs failed to 
meet this standard (Figures 1 and 2). The 75th percentile of the 2016 
organ transplant rate was 13.69 transplanted organs per 100 potential 
donors (differing slightly from 13.73 published in the NPRM). In 2017, 
36 (62%) OPOs failed to meet the standard (Figures 3 and 4). In 2017, 
37 (64%) OPOs failed to meet at least 1 of the standards (Figure 5).

3.4 | Adjusting the performance metrics

CMS proposes using an unadjusted evaluation for both the dona-
tion rate and the organ transplant rate metrics. We examined how 
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differences in characteristic of the deaths occurring within the OPOs’ 
service areas may affect the proposed metrics. Adjusting the dona-
tion rate and organ transplant rate for age, race, and Hispanic ethnicity 

affected whether or not OPOs failed to meet each performance stand-
ard (Figures 6 and 7). After adjustment, 8 OPOs changed their pass/fail 
status for the donation rate and 5 for the organ transplant rate.

F I G U R E  1   Donation rate evaluation, 2017. The donation rate per 100 potential donors is shown, stratified by the potential donor count. 
The performance standard is based on the 75th percentile of the 2016 donation rate and is shown as the red dashed line at 4.11. The blue 
dashed line shows the critical threshold below which an OPO’s donation rate would be statistically significantly lower than the performance 
threshold. 31 of 58 (53%) OPOs failed to the meet the 2016 standard in 2017. OPO labels may be shifted slightly to avoid overlapping labels. 
OPOs failing to meet the standard are displayed in red. OPO, organ procurement organization

F I G U R E  2   Map of the donation rate 
evaluation, 2017. OPOs failing to meet 
the 2016 standard based on 2017 data are 
shown in red. OPO, organ procurement 
organization

TA B L E  4   Comparison of donation rates for 2 OPOs by Hispanic ethnicity

Ethnicity

OPO A OPO B

Potential donors Donors
Donation rate per 100 
potential donors Potential donors Donors

Donation rate per 100 
potential donors

Hispanic 599 36 6.01 107 7 6.54

Non-Hispanic 1404 73 5.20 1620 85 5.25

Total (unadjusted) 2003 109 5.44 1727 92 5.33

Adjusted for 
Hispanic ethnicity

    5.35 5.50

Note: The red and green are meant to convey which are better (green) or worse (red) and to point out that the unadjusted and adjusted evaluations 
lead to reversed conclusions (one being red, the other green).
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4  | DISCUSSION

CMS is proposing that the CDC’s MCOD data be used to calculate 
a donation rate and an organ transplant rate to assess the perfor-
mance of the 58 OPOs. With the proposed definition, 9.5% of all 
deaths in the United States would be classified as potential donors. 
Accordingly, 3.59 donors are currently procured per 100 potential 
donors, and 11.82 organs are transplanted (or are pancreata sent for 
research or islet transplant) per 100 potential donors. Our assess-
ment of 2017 performance based on 2016 performance thresholds 
finds that 37 (64%) of the 58 OPOs failed at least 1 of the 2 perfor-
mance standards.

We used the same data sources as proposed in the NPRM to 
examine the proposed metrics. While we were able to replicate 

the donor and transplant counts in the NPRM, we were unable to 
replicate the potential donor count, either nationally or within each 
DSA. This may be due to how counties are assigned to OPOs or how 
counties that are shared by more than 1 OPOs are tabulated. CTOP 
had the largest discrepancy, with our analysis finding 30% fewer 
potential donors (NPRM: 2561; SRTR: 1798). New Haven county in 
Connecticut is shared between MAOB and CTOP. SRTR attributes 
all deaths in New Haven county (n = 812) to MAOB as all referrals 
from this county in 2017 were handled by MAOB. However, our 
analysis suggests that CMS may have attributed all deaths within 
this county to both MOAB and CTOP; for example adding the 812 
potential donors in New Haven to the 1798 potential donors we 
identified in CTOP’s DSA yields 2610 potential donors, which is 
closer to the 2561 in the NPRM. This could explain why CMS’s total 

F I G U R E  3   Organ transplant rate evaluation, 2017. The organ transplant rate per 100 potential donors is shown, stratified by the 
potential donor count. The performance standard is based on the 75th percentile of the 2016 organ transplant rate and is shown as the 
red dashed line at 13.69. The blue dashed line shows the critical threshold below which an OPO’s donation rate would be statistically 
significantly lower than the performance threshold. 36 of 58 (62%) OPOs failed to the meet the 2016 standard in 2017. OPO labels may be 
shifted slightly to avoid overlapping labels. OPOs failing to meet the standard are displayed in red. OPO, organ procurement organization

F I G U R E  4   Map of the organ transplant rate evaluation, 2017. OPOs failing to meet the 2016 standard based on 2017 data are shown in 
red. OPO, organ procurement organization
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donor potential was often higher than in our analysis (Figure  8). 
The other OPOs with the largest discrepancies in donor potential 
also had shared counties. This highlights the need to clarify which 
counties are assigned to which OPO and how shared counties are 
handled.

Beyond uncertainty in how CMS assigned counties to DSAs, we 
found possible errors in the ICD-10-CM exclusionary code table in the 
NPRM (CMS-3380-P, table 2). For example, “Melanoma and other ma-
lignant neoplasms of skin” is replicated in 2 rows of the table, with 1 
row indicating removal of ICD-10-CM code C43 (malignant melanoma 
of skin) and another row indicating “all” ICD-10-CM codes in this cat-
egory, which would include code C44 (other malignant neoplasms of 
skin). Our analysis excluded code C44 since we suspect that duplication 
of this row is an error and non-melanoma skin cancers do not generally 
preclude donation. This may have caused our donor potential estimate 
to be slightly lower than that calculated by CMS. Finally, malignant 
neoplasms of the urinary tract (codes C64-C68) were not included in 
the set indicated in the NPRM but are present in the document CMS 

references for the source of the ICD-10-CM codes.7 We did not in-
clude malignant neoplasms of the urinary tract to be consistent with 
the NPRM, but these issues highlight the need to clarify the set of ICD-
10-CM exclusionary codes.

CMS’s proposed definition of a donor (at least 1 organ trans-
planted or the pancreas sent for research or used for islet trans-
plant) differs from the standard OPTN definition of a donor and the 
definition endorsed by the World Health Organization (WHO) and 
The Transplantation Society (TTS).8,9 OPTN, WHO, and TTS define 
a donor as a decedent from whom at least 1 organ was procured 
for the purpose of transplant. We compared CMS’s proposed defini-
tion of a donor with the standard OPTN definition. Using the OPTN 
definition, 7 OPOs change their pass/fail status on the donation 
rate metric, 4 from passing to failing and 3 from failing to passing 
(Figure 9).

Counting pancreata sent for research or used for islet transplant 
also differs from standard OPTN and SRTR practice. In 2017, 25 de-
ceased donors had zero organs transplanted, but the pancreas was 

F I G U R E  5   Map of the combined 
evaluation of donation rate and organ 
transplant rate, 2017. OPOs failing to 
meet the 2016 standard based on both 
metrics are shown in red. OPOs failing 
to meet the donation rate metric but 
not the organ transplant rate metric are 
shown in green. OPOs failing to meet the 
organ transplant rate metric but not the 
donation rate metric are shown in purple. 
OPO, organ procurement organization

F I G U R E  6   Adjusted donation rate ratio, adjusted for age, race, and Hispanic ethnicity. The adjusted donation rate ratio (observed 
donors divided by expected donors, O/E) is shown, stratified by the expected donor count. The performance standard is based on the 75th 
percentile of the 2016 adjusted donation rate ratio O/E and is shown as the red dashed line at O/E = 1.18. The blue dashed line shows the 
critical threshold below which an OPO’s donation rate ratio would be statistically significantly lower than the performance threshold. 35 
of 58 (60%) of OPOs failed to the meet the 2016 standard in 2017. OPO labels may be shifted slightly to avoid overlapping labels. Colors 
represent a comparison of the unadjusted evaluation with the adjusted evaluation: red = fail on both unadjusted and adjusted, blue = pass 
on both unadjusted and adjusted, green = fail the unadjusted but pass the adjusted, and purple = pass the unadjusted but fail the adjusted. 
OPO, organ procurement organization
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F I G U R E  7   Adjusted organ transplant rate ratio, adjusted for age, race, and Hispanic ethnicity. The adjusted organ transplant rate ratio 
(observed transplanted organs divided by expected transplanted organs, O/E) is shown, stratified by the expected transplanted organ 
count. The performance standard is based on the 75th percentile of the 2016 adjusted organ transplant rate ratio O/E and is shown as the 
red dashed line at O/E = 1.15. The blue dashed line shows the critical threshold below which an OPO’s organ transplant rate ratio would be 
statistically significantly lower than the performance threshold. 37 of 58 (64%) OPOs failed to the meet the 2016 standard in 2017. OPO 
labels may be shifted slightly to avoid overlapping labels. Colors represent a comparison of the unadjusted evaluation with the adjusted 
evaluation: red = fail on both unadjusted and adjusted, blue = pass on both unadjusted and adjusted, green = fail the unadjusted but pass the 
adjusted, and purple = pass the unadjusted but fail the adjusted. OPO, organ procurement organization

F I G U R E  8   Comparison of CMS’s donor 
potential count with SRTR’s attempted 
replication. CMS, Centers for Medicare 
and Medicaid Services; SRTR, Scientific 
Registry of Transplant Recipients

F I G U R E  9   Comparison of CMS’s 
proposed definition of a donor (1+ organ 
transplanted) to OPTN’s definition (0+ 
organs transplanted). CMS, Centers for 
Medicare and Medicaid Services



     |  2479SNYDER et al.

recovered for research. There were no recorded instances of dece-
dents with no organs recovered for transplant (and therefore were 
not donors according to OPTN), but the pancreas was recovered for 
research.

This analysis did not attempt to address whether the MCOD 
data are appropriate for estimating donor potential; however, it is 
important to highlight that the CDC Wonder public database cannot 
be used to calculate these metrics because (a) it contains place of 
permanent residence of the decedent rather than place of death; (b) 
it excludes non-US citizens; and (c) it excludes deaths occurring in 
Puerto Rico and the US Virgin Islands. The Detailed Mortality—All 
Counties data must be obtained from the CDC’s Department of Vital 
Statistics, National Center for Health Statistics.

Risk adjustment could help ensure that a correct decision is 
made when comparing metrics across OPOs. Differences in the un-
derlying characteristics of the decedents in the OPOs’ service areas 
could cause some OPOs to appear better or worse than others due 
to underlying differences in the populations served. Intercounty 
variation in cause-specific death rates have been well described.10 
Given that the types of deaths in a DSA are out of the OPO’s con-
trol, risk adjustment may be worth considering. As an illustration, 
we compared 2 OPOs, 1 with a donation rate of 5.44 (OPO A) and 1 
with a donation rate of 5.33 (OPO B) (Table 4). If unadjusted, OPO 
A would be described as performing better than OPO B. However, 
when stratifying the results by Hispanic ethnicity, OPO B actually 
has higher donation rates in both the Hispanic and the non-Hispanic 
populations. Because these OPOs had very different distributions of 
Hispanic patients, the unadjusted conclusion was opposite from the 
adjusted conclusion, a phenomenon known in statistics as Simpson's 
paradox.11 Adjusting for Hispanic ethnicity would lead to the conclu-
sion that OPO B is the higher performer with 5.50 donors per 100 vs 
5.35 donors per 100 for OPO A, after adjustment.

CMS has proposed using the 75th percentile of the previous calendar 
year as the standard of performance for both the donation rate and the 
organ transplant rate metrics. The standard is met if the current year's 
upper bound of the 1-sided 95% confidence interval is above the stan-
dard. As our results indicate, this performance standard resulted in 64% 
of the OPOs failing based on 2017 data. Of note, a performance bound-
ary based on the 75th percentile (or the 75th quantile) will be biased 
against OPOs with more potential donors (large OPOs), and, conversely, 
biased in favor of OPOs with fewer potential donors (small OPOs). This 
is apparent in Figures 1 and 3, which show more small OPOs passing the 
standards. This happens because the variance of the donation rate (and 
transplant rate) statistic is inversely proportional to the sample size, that is 
the number of potential donors. Given this, the 75th quantile for smaller 
OPOs will be higher than the 75th quantile for larger OPOs simply be-
cause the variance of the estimates is larger in smaller OPOs. Therefore, 
the overall 75th quantile will be too low for small OPOs and too high for 
large OPOs.

In conclusion, our analysis of the NPRM found that 64% of the 58 
OPOs would have failed the standards if the metrics were applied to 
calendar year 2017. Risk adjustment affects which OPOs fail to meet 
the proposed standards. Keys to understanding the proposed metrics 

include defining how deaths within counties are assigned to OPOs, 
the exact ICD-10-CM exclusionary codes used, and how donors are 
defined. Statistical properties of the proposed performance stan-
dards also affect the outcomes for OPOs. While measuring the per-
formance of our nation's OPOs is challenging, finding the most useful 
metrics and performance standards to further the field of organ do-
nation will ultimately save more lives through the gift of transplant.
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