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Abstract: 

We ask why deceased donor kidneys are rejected while the transplant waiting list is long and 
growing. We investigate the possible causes of the low acceptance rate for deceased donor 
kidneys including low kidney quality, patient-donor mismatches, and regulatory review 
triggers. Among the specific questions we address are whether there are transplant 
surgeon/center behavioral reference point effects from median kidney donor quality or threats 
from regulatory review criteria that contribute to low acceptance rates. Our results provide 
evidence for both types of behavioral reference points. Donor quality reference points 
consistently arise in our analysis, whereas on average the regulatory reference points have no 
effect. However, this is driven by substantial heterogeneity in transplant center responses to 
the regulation.  
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I. Introduction 

In 2011 the United States Renal Data System (USRDS) estimated that the current incidence of End Stage 

Renal Disease, that which requires organ transplantation, was approximately 357 per one million people. 

The annual cost of care for these patients is estimated at $49.3 billion.1 Critical to the care of patients with 

ESRD is the supply of organs, obtained from both deceased and living donors, and the utilization of these 

scarce organs. Currently, there are over 100,000 candidates waiting for a kidney transplants in the United 

States yet in 2013 there were only 16,895 kidney transplants conducted, 11,163 of which obtained from 

deceased donors and the remaining 5,732 from living donors (OPTN 2014). Furthermore, in 2013 there 

were 7,524 kidney transplant candidates removed from the waiting list due to death or a deteriorated 

health status that prevented transplantation and an additional 36,395 candidates added to the waiting list 

(OPTN 2014). Although patients suffering from ESRD can be maintained for extended periods of time 

with dialysis there is a growing need to better understand the behavioral aspects of transplantation so as to 

facilitate the treatment of ESRD patients. Both the economics (Kessler and Roth 2012; Deck and 

Kimbrough 2012; Li et al. 2013) and medical (Howard et al. 2007; Leichtman et al. 2008; Punch et al. 

2007; Shafer et al. 2008; Sung et al. 2008) literatures have researched policies that may increase the 

supply of deceased donor organs; however, little research has empirically investigated the organ 

utilization decision.2 Using a dataset on deceased donor kidney offers and acceptances, paired with 

detailed information on a patient’s health status, donor quality and patient-donor matching characteristics, 

we investigate the organ utilization decision and the degree to which it is influenced by behavioral 

reference points.  

 Despite the ever-growing demand for kidney transplants, the acceptance rate of deceased donor 

organs is exceptionally low, approximately 2%. These exceptionally low acceptance rates are influenced 

by the complex decision task that transplant surgeons are faced with. Although the organ utilization 

question has been theoretically investigated (Howard 2002; Alagoz et al. 2004, 2007), our paper provides 

the first empirical investigation of the micro-behavioral decisions made by transplant surgeons when 

electing to accept or reject an organ for their patient. The central focus of our research is a better 

understanding of the behavioral heuristics utilized by transplant surgeons and to determine whether or not 

these heuristics possess behavioral reference points. Our results provide considerable support for the 

presence of behavioral reference points in both the donor and regulatory domain. However, the response 

to the regulatory induced reference point is highly heterogeneous which if ignored suggests the absence of 

a regulatory reference point.  

                                                
1 This information can be found on the USRDS website: http://www.usrds.org/.  
2 The economics research of Roth et al. (2004, 2005, 2007) on the paired-kidney exchange model has made a 
noticeable impact on the transplant community with the eventual creation of the New England Kidney Exchange.  
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A behavioral reference point exists if an agent’s marginal utility for taking an action shifts at a 

distinct point, the reference point, in the choice space (Tversky and Kahneman 1991). The presence of 

behavioral reference points has been used to expand our knowledge of decision making in a number of 

different contexts including consumer brand choice (Hardie et al. 1993), labor supply (Camerer et al. 

1997; Chang and Gross 2014; Farber 2005, 2008, Fehr and Goette 2007; Crawford and Meng 2011), 

patient treatment in health care (Rizzo and Zeckhauser 2003), real estate (Genesove and Mayer 2001), 

asymmetries between willingness to pay and willingness to accept (De Borger and Fosgarau 2008), the 

behavior of game show contestants (Post et al. 2008) and the behavior of professional athletes (Pope and 

Schweitzer 2011) to cite a few. There is no theory on the emergence of reference points; selection of 

behavioral reference points in the literature is often based on the outcomes observed in the data, or 

induced by the environment, status quo or focal points. Based on the previous outcomes a commonly used 

method to define reference points is the rational expectations approach proposed by Köszegi and Rabin 

(2006).3 They proposed that reference points are formed based on an agent’s rational expectations of an 

outcome, based on prior knowledge, to generate what they refer to as a “personal equilibrium” in which 

the agent correctly predicts the decision environment as well as their reference points and maximizes 

utility based on all contingencies relative to the reference point. 

As will be discussed in more detail in the upcoming sections, transplant surgeons may form 

expectations for the quality of a donor organ and the impact that its utilization will have on their patients 

waiting for a transplant. These expectations determine one of the behavioral reference points used in our 

empirical analysis and can be defended by the existing medical literature on donor organ quality (Rao et 

al. 2009). Our second hypothesized reference point comes from the regulatory environment in which 

transplant surgeons operate.  

The following section briefly discusses the decision environment within which transplant 

surgeons operate and the current regulatory environment. Section III discusses the data set used in our 

study and Section IV outlines the model. The econometric results are discussed in Section V and Section 

VI illustrates the high degree of transplant center heterogeneity in behavioral responses to the reference 

points. Section VII provides a series of robustness checks on our empirical findings and tests the validity 

of our hypothesized donor organ behavioral reference point. The final section concludes our discussion. 

 

                                                
3 Abeler et al. (2011) experimentally investigated using expectations as a behavioral reference point. By design they 
are able to exogenously determine the expected outcome of subjects within the experiment and determine whether or 
not the expected outcome serves as a behavioral reference point. Their experimental results provide support for 
using rational expectations in the spirit of Köszegi and Rabin (2006) as a behavioral reference point. 
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II. Transplantation Decision Environment 

The deceased donor organ procurement and allocation process is managed by The United Network of 

Organ Sharing (UNOS), which is overseen by the U.S. Department of Health and Human Services’ 

Health Resources and Services Administration (HRSA). There are 11 UNOS regions, which are further 

divided into 58 donor service areas (DSA), and the organs are allocated through the Organ Procurement 

Organizations (OPO) servicing each DSA. Once a potential organ donor is identified at a given hospital 

the OPO will contact the deceased’s next of kin and inquire whether or not they are willing to have the 

deceased’s organ be donated to a patient waiting to receive an organ. After obtaining consent from the 

family the OPO allocates organs through UNOS using a “match run” process. The match run is an ordinal 

list of potential patients that the OPO is willing to offer a specific organ to for transplantation. The match 

run contains information on a donor’s medical history, comorbidity factors and other factors that 

influence the compatibility of a donor’s organ for a specific patient (i.e., antigens and blood type). The 

suitability of a potential recipient is subject to the transplant center’s selection criteria and is influenced 

by multiple factors including length of time on the waiting list and the histocompatibility of the organ. 

There exists a continuum of “suitability” measures and the decision to accept or reject an organ is left up 

to the professional judgment of the transplant surgeon responsible for the patient. Based on both donor 

and recipient information a transplant surgeon determines whether or not the organ offered is a suitable 

organ for her patient. If she elects to reject the organ for her patient the OPO then proceeds further down 

the list to the next potential recipient and the process is repeated. Since 2007 this process has been 

automated using DonorNet (Massie et al. 2009), a web-based offer system, and match runs are processed 

rapidly until a transplant surgeon accepts an organ. 

There are four factors central to the decision to accept or reject a given organ: (1) donor quality, 

(2) patient status, (3) donor-patient histocompatibility and (4) the regulatory environment within which 

the transplant surgeon operates. Within the context of our empirical analysis we hypothesize that surgeon 

expectations regarding the quality of the donor organ as well as the regulatory environment provide 

behavioral reference points. The other factors, patient status and donor-patient histocompatibility, will be 

controlled for in our analysis. The data used to construct our measures of donor quality, patient status and 

donor-patient histocompatibility will be discussed in more detail in the upcoming data description section; 

however the regulatory environment within which surgeons operate may also have an impact on their 

utilization decisions.  

The Centers for Medicare and Medicaid Services (CMS) monitor the performance of transplant 

centers to ensure that the transplants conducted meet the performance criteria established under their 

Conditions of Participation (CoP) that took effect on June 28, 2007. Centers that perform below the CoP 

standards set by CMS are subject to review and may, in extreme cases, be removed from the Medicare 
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program. All transplant centers are required to report patient and graft outcomes for the transplants they 

conduct. Using this information the Scientific Registry of Transplant Recipients (SRTR) reports risk-

adjusted outcomes for each transplant center using a 2½ year rolling patient cohort that is updated and 

published every 6 months. This is the data that CMS uses to monitor a transplant center’s CoP. The 

primary outcomes that CMS monitors are the 1-year graft and patient survival rates which are calculated 

for the total (deceased and living) donor pool.4  

A transplant center will be non-compliant with the CMS standards (i.e., not meet a CoP) if three 

triggers are met. Contextualizing these triggers in the terms of patient survival rates, a CMS review will 

result if: (1) the observed number of patient deaths exceeds the expected number by three or more; (2) the 

observed number of patient deaths is more than 50% higher than the expected number; and (3) the one-

sided p-value resulting from an exact Poisson test comparing the observed and expected patient deaths is 

less than 0.05. Furthermore, all of the expected outcomes calculated are risk-adjusted based on the patient 

and donor characteristics (Abecassis et al. 2008; Dickinson et al. 2006, 2008).5 Any center that does not 

meet the CMS CoPs twice within a three year period goes through a CMS review and enters a Systems 

Improvement Agreement with CMS. Failure to meet the terms of the Systems Improvement Agreement 

may result in the loss of funding and transplant center status. For the purpose of our analysis we focus on 

a center’s compliance with the three “triggers” set forth by CMS under the CoP. A byproduct of these 

triggers is that those transplant centers that did not meet the CMS CoP standards and activated the three 

triggers have reduced the volume of their transplants (Schold et al. 2012) as well as increased the waiting 

time for patients on the waiting list (Schnier et al. 2014).  

The incentives induced by the CMS CoP, which penalizes transplant centers that perform 

transplants that result in worse than expected outcomes (Abecassis et al. 2008), may conflict with the 

policy of HRSA which advocates the maximum utilization of organs. The impact of this incentive 

structure is hypothesized to have contributed to a decrease in deceased donor transplants while the 

number of deceased donors increased in 2007 (Howard et al. 2009). Although the CMS review criteria are 

hardly the sole cause of the documented widening gap that exists between those patients waiting for a 

kidney transplant and those receiving a kidney transplant (Wolfe et al. 2010), it has played a role. Given 

that the demand for kidney transplants has risen 86% from 1999 through 2008 and continues to grow 

(Axelrod et al. 2009), it is imperative that we better understand the behavioral impacts of the CMS 

regulations.  

                                                
4 These statistics include only those patients who have received either a deceased or living donor organ transplant. A 
patient who passes away while on the waiting list is not counted in the patient survival statistics monitored by CMS. 
5 The risk adjustment factors used are the cold ischemia time, stroke as cause of death, donor age, donor diabetes 
status, donor hypertension status, kidney received on a pump, donor creatinine level, patient-donor BMI, patient 
PRA level, previous transplant recipient, Hepatitis C status, ECD kidney and DCD kidney.  
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II. Data Description 

Our data come from UNOS and SRTR. The UNOS data contains information on all patients waiting to 

receive an organ as well as the donors who have provided organs. This information describes the patient’s 

and donor’s medical histories, comorbidity factors and factors that influence the histocompatibility of 

potential organ matches (e.g., antigens and blood type). UNOS also provided the match runs conducted 

during our time period of study. The match run data indicate the donor from which the organ was 

obtained, the wait listed patient the organ was offered to, the date on which the organ was offered, and the 

surgeon’s decision to accept or reject the organ. Linking the match run data with the patient and donor 

information contained in the UNOS data set, we were able to construct a large set of patient-specific, 

donor-specific and patient-donor specific factors that may influence the surgeon’s decision to accept or 

reject an organ.6 

Our data set contains 5,298,155 match run offers that were made to 291,216 unique patients on 

the deceased donor organ waiting list at 266 transplant centers within the United States between July 1, 

2003 and December 30, 2012.7 These match run offers resulted in 94,806 deceased donor kidney 

transplants, approximately 96% of the total deceased donor transplants conducted during this time period, 

that were derived from 55,360 unique organ donors.8 The mean acceptance rate in our data was 1.79%. 

Clearly, the decision to accept an organ is a low probability event. Transplant surgeons are highly 

selective, on average each donated organ is offered to 56 unique patients before being accepted for 

transplantation by a transplant surgeon. For each of the 266 transplant centers observed in our data we 

obtained the SRTR program specific reports from June 30, 2003 through December 31, 2012 (reports are 

issued every six months). These reports were used to determine whether a specific transplant center did or 

did not meet the CMS CoP triggers at the time the decision to accept or reject an organ for a patient was 

made.  

From the UNOS data set we construct two variables that are used in our empirical modeling, the 

Kidney Donor Profile Index (𝐾𝐷𝑃𝐼) and the expected cold ischemic time if the organ is accepted for 

transplantation. Both of these variables are important considerations when electing to accept or reject an 

organ. The 𝐾𝐷𝑃𝐼 is derived from the Kidney Donor Risk Index (𝐾𝐷𝑅𝐼), which combines a set of key 

                                                
6 A limitation of our model is that we only observe match-run data for those organs that were eventually accepted by 
a transplant surgeon. Currently, the match run data for discarded organs is not available and we have been informed 
by UNOS that the little which is recorded is unreliable. 
7 The match run data contains refusal codes used to indicate the reason why the organ was not accepted. We 
eliminated all refusal codes that indicate the organ was either bypassed by the patient or where the reasons for 
refusal were not solely based on donor quality or the suitability of the organ for the patient.  
8 Our match run sample does not contain all of the deceased donor transplants during this time period because we 
removed pediatric transplants from our data set and in a few instances we were unable to confidently match up the 
donor and patient data. 
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donor characteristics to quantify the risk of graft failure following transplantation (Rao et al. 2009). The 

variables utilized are the donor’s age, height, weight, ethnicity, history of hypertension, history of 

diabetes, cause of death, creatinine level, Hepatitis C status and whether or not the organ was donated 

after cardiac death (DCD) (Rao et al. 2009). The 𝐾𝐷𝑅𝐼  is scaled so that a value of one represents the 

median donor quality observed. This statistic is defined as the “reference donor” by UNOS. Values below 

one represent higher quality and a reduced probability of graft failure whereas values greater than 1 have 

a higher probability of failure (Rao et al. 2009). The 𝐾𝐷𝑃𝐼 is a normalized measure of the 𝐾𝐷𝑅𝐼 where 

the reference donor, 𝐾𝐷𝑅𝐼 = 1, is assigned a 𝐾𝐷𝑃𝐼 = 0.5 indicating that the organ has a risk of failure 

greater than 50% of the donor pool. This conversion from the 𝐾𝐷𝑅𝐼 to the 𝐾𝐷𝑃𝐼  is preferred in our 

analysis because the 𝐾𝐷𝑃𝐼 follows a uniform distribution defined over zero and one with a median value 

of 0.5 and 𝐾𝐷𝑅𝐼 follows a Poisson distribution defined over zero and four with a median value of one.  

This is illustrated by the 𝐾𝐷𝑅𝐼 and 𝐾𝐷𝑃𝐼 distributions in Figure 1.  This implies that the same marginal 

change in the 𝐾𝐷𝑅𝐼 reflects a different change in the organ quality depending on where in the distribution 

the improved quality is observed.  This is not true if we use the 𝐾𝐷𝑃𝐼 variable. 

Currently, both the 𝐾𝐷𝑅𝐼 and 𝐾𝐷𝑃𝐼 are reported at the time the organ is offered to a transplant 

surgeon. This information was not provided to transplant surgeons during the time period of our study. 

However, the estimation of the 𝐾𝐷𝑅𝐼 and 𝐾𝐷𝑃𝐼 is based on historically observed organ quality that 

encompasses our study period. Therefore, 𝐾𝐷𝑃𝐼 represent the transplant surgeon’s rational expectations 

regarding the quality of a deceased donor organ, prior to knowing the true 𝐾𝐷𝑃𝐼 value. This is consistent 

with the reference points proposed by Köszegi and Rabin (2006) and a 𝐾𝐷𝑃𝐼 of 0.5 can serve as a 

rational reference point in our decision model. The 𝐾𝐷𝑃𝐼 merely aggregates the donor quality measures 

into a single metric that can be used to represent the surgeon’s perception of donor quality. The 

robustness of this assumption is tested in Section VII of this paper. 

Cold ischemia time represents the time period between which an organ is severed from its blood 

supply and placed on ice to the time when it is warmed with a restored blood supply. At the time that an 

organ is offered to a patient the transplant surgeon forms expectations regarding the cold ischemia time 

that will be incurred before the organ is eventually transplanted. This expectation weighs heavily in the 

decision of whether or not to accept an organ. Within our data set we only observe the cold ischemia time 

at the time of transplantation. To ensure that the expected cold ischemia time is incorporated into the 

decision model we estimated the cold ischemia time for all transplanted organs and then used the 

parameter estimates from the regression to impute the expected cold ischemia time for all the unique 

match runs within the data. As explanatory variables in the model we used the sequence number in the 

match run (the order of the organ offer), the length of time between the organ being obtained from the 
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donor and the expected date of transplantation,9 the donor’s BMI and age, regional fixed effects, fixed 

effects for the donor’s death circumstance, an indicator for whether or not the donor was a non-heart 

beating donor and an indicator variable for whether or not they were an extended criteria donor (ECD).10 

The dependent variable in our model is the log transformed cold ischemia time observed for all the 

transplants conducted between July 1, 2003 and December 30, 2012 at the transplant centers in our 

analysis.11 The results from the cold ischemia time regression are reported in Table 1.  

The regression results are consistent with our prior expectations. The cold ischemic time is 

strongly influenced by the expected time until transplantation and the sequence number in the match run 

(squared term). Furthermore, there exists a high degree of regional heterogeneity. This is expected given 

how the organ procurement and allocation process is conducted (spatial scale influences the cold ischemic 

time). Lastly, the cold ischemic time is longer for non-heart beating donors as well as ECD kidneys. 

Given the importance of the imputed cold ischemia time to the decision model, we conducted a Q-Q plot 

of the observed and predicted cold ischemia time distributions that is illustrated in Figure 2. The figure 

illustrates that our predicted cold ischemic time does possess a downward bias which is exacerbated at the 

higher quantiles of the actual cold ischemic time distribution, however it does a relatively good job 

predicting the cold ischemic time at the lower quantiles.  More specifically, the model performs well 

when the cold ischemic time is between 10 and 20 hours, which covers approximately 47% of the 

observed cold ischemic time distribution.  Aside from the cold ischemic time being unobserved when an 

organ in not accepted it is an endogenous variable, therefore we need to use some form of instrumentation 

to incorporate it into the model.  Given that it is employed as a control variable in our regression model 

we are satisfied with using the predicted estimates of cold ischemic time.   

Another key decision variable in the decision to accept or reject an organ is the degree of 

histocompatibility between the donor and patient, an integral component of the success of a transplant. 

Graft survival decreases with the number of HLA mismatches as it increases the level of 

immunosuppressant medications required to try a transplant and ensure its success. HLA mismatches are 

calculated based on their unique antigens, A, B and DR, with two potential loci for each antigen. The total 

number of possible mismatches is six, corresponding with each of the two loci on the three antigens. For 

transplants conducted after May 1, 2007 the number of HLA mismatches is recorded in the UNOS data 

                                                
9 Within our data set the mean difference between the date of transplantation and the date of the match run is 1.081 
days. Since we are working with the logarithm of cold ischemia time, to deal with data recorded as 0s we added one 
day to the difference between the recovery date (date organ was acquired) and the match run date (date the organ 
was offered) in our imputations of cold ischemia time. 
10 An extended criteria donor (ECD) is a donor over the age of 60 or a donor between the age of 50 and 59 that 
meets one of the three criteria: (1) cause of death is stroke, (2) history of hypertension, and (3) creatinine level 
greater than 1.5. The 𝐾𝐷𝑅𝐼, and hence the 𝐾𝐷𝑃𝐼, contains all of this information. 
11 The cold ischemic time regression was run using 92.48% of the observed transplants. We removed a small sample 
of transplants because we did not have sufficient data to incorporate it into the model. 
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set, however prior to this time period we only observe whether or not the HLA mismatch is a zero 

mismatch. A zero mismatch will allow a wait-listed patient to move up the match run list because it is a 

perfectly histocompatible organ.  

For the match runs observed prior to May 1, 2007 we constructed virtual HLA mismatches. To 

construct virtual HLA mismatches we determined the parent-split relationship for all the unique A, B and 

DR antigen loci and then assigned antigen loci to ensure that all parent-split relationships were preserved. 

As a check on our virtual mismatch algorithm we determined what percentage of the zero mismatches 

reported in the match run data set we accurately predicted using our virtual mismatch algorithm and we 

predicted approximately 95% of the zero mismatches recorded in the match run data set prior to May 1, 

2007. Therefore we expect the estimation bias resulting from using our virtual mismatches in this time 

period to be minimal. To illustrate the role that the HLA mismatches have on the organ acceptance 

decision, Figure 3 illustrates the percentage of match runs, broken down by acceptance and rejection, that 

fall into one of the seven categories of HLA mismatches (zero to six). It is very clear that the acceptance 

rate is extremely high when a zero mismatch donor organ is offered to a patient and the distribution of 

HLA mismatches for accepted organs is skewed to the left relative to the distribution of HLA mismatches 

for rejected organs.  

In addition to the data referenced above, the UNOS data set contains an exceptionally large 

number of patient, donor and patient-donor match data, which we utilize as covariate controls in the 

empirical analysis. On the patient side we observe their diagnosis code at listing, functional status at 

listing, length of time on the waiting list, ethnicity, BMI, age, gender, transplant history, level of panel 

reactive antibodies in their blood (PRA) at listing, albumin level, education, and number of other medical 

history variables such as diabetes, pregnancies, dialysis, hypertension, peripheral vascular disease, 

vascular access status, peritoneal access status, HPV, HCV, HBV, and COPD. On the donor side we 

observe the circumstances of their death as well as all the covariates that are used to calculate the 𝐾𝐷𝑃𝐼. 

The patient-donor match data we observe are blood type matches and the HLA mismatches discussed 

earlier. All of these variables are used as covariates in our empirical modeling.  

Our research hypotheses utilize two potential behavioral reference points and either a difference-

in-difference or a triple difference estimation strategy. To illustrate some of the key variables contained in 

the data as well as to test for statistical differences in the covariates we provide two tables of descriptive 

statistics for a select number of key covariates. Table 2 contains a description of the data broken down by 

the pre- and post-CMS CoP time period as well as whether or not a center met the triggers set forth by 

CMS. To simplify the description of the data we define 𝑇𝑟𝑖𝑔!" to take a value of one if either the 1-year 

graft or 1-year patient survival rate CMS CoP triggers were activated. Table 3 contains a similar set of 

descriptive statistics based on whether or not the donor organ offered to a surgeon was below the 
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reference threshold level of donor quality (𝐾𝐷𝑃𝐼! ≤ 0.5) or above the threshold (𝐾𝐷𝑃𝐼! > 0.5). In 

addition, to the means and standard deviations we estimate the normalized differences proposed by 

Imbens and Rubin (forthcoming) and discussed in Imbens and Wooldridge (2009).12  

The unit of observation in both Table 2 and 3 is the organ offer, this is consistent with the 

empirical model we use to investigate the behavioral reference points. Therefore, the variables are 

weighted according to their occurrence within the data set. The descriptive statistics in Table 2 illustrate 

the average donor organ offered was obtained from a 41 year old donor with a BMI of around 27. The 

average 𝐾𝐷𝑃𝐼 was between 0.62 and 0.66. Although the median donor has a value of 0.50, the higher 

average value indicates that a lower quality donor, higher 𝐾𝐷𝑃𝐼, is offered to more patients before being 

accepted than a higher quality organ. The average cold ischemic time for an organ that is offered to a 

patient is a little over 3 hours and a little over 20% of the organs offered were ECD kidneys. The average 

patient offered an organ was nearly 50 years old with a BMI around 27. Furthermore, a little less than 5% 

of the patients being offered an organ had Type I diabetes, whereas approximately 25% have Type II 

diabetes. Lastly, between 75% and 83% of the organ offers are made to patients who were on dialysis at 

the time of listing. The normalized differences across the different partitions of the data indicate that there 

are no structural differences that would invalidate our empirical specifications. 

The acceptance rates from the pre-CMS to post-CMS period decreased by 27% for centers that do 

not hit the CMS triggers and 30% for those that do hit the CMS triggers. However, comparing these two 

measures using the normalized differences generates statistics of 0.0303 and 0.0404 respectively, 

indicating that acceptance rates are not structurally different across these time periods. The distribution of 

𝐾𝐷𝑃𝐼 variable across the pre-CMS and post-CMS time periods also appears to illustrate the percentage of 

donor organ offers above the reference donor decreased from the pre-CMS to the post-CMS period. 

However, comparing the normalized differences across the pre-CMS and post-CMS time periods 

generates statistics of 0.0754 for centers that did not hit the CMS triggers and 0.0455 for those that did hit 

the CMS triggers, indicating these changes should not generate any empirical issues within our 

econometric modeling. 

                                                
12 The normalized difference is: !!!!!

(!!
!!!!!)

 , where 𝑋! are the respective sample means and 𝑆!! are the sample 

variances. The normalized difference in lieu of the t-test because with our exceptionally large sample the t-test 

would generate statistical differences whereas we are primarily interested in determining whether or not it is 

possible to determine the treatment effect using our covariates and linear regression (Imbens and Wooldridge 2009). 
Their rule of thumb is that a value greater than one quarter makes the linear regression methods utilized to test for 

treatment effects sensitive to specification. 
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The descriptive statistics when we break down the organ offers based on whether or not they are 

for an organ that is above the reference donor threshold, 𝐾𝐷𝑃𝐼! ≤ 0.5, versus below it, 𝐾𝐷𝑃𝐼! > 0.5, 

generate a similar profile of patients that are offered organs and donors that provide them as observed in 

Table 3. Although the acceptance rate for organs above the reference donor is nearly twice that observed 

for those below the threshold, the normalized differences indicate that they are similar. We will leave this 

to further investigation in the empirical modeling section. The only covariates that do not meet the 25% 

threshold proposed by Imbens and Rubin (forthcoming) are the age of the donor and the ECD kidney 

status. This is precisely what we would have expected given that the 𝐾𝐷𝑃𝐼 variable captures the risk of 

graft failure based on the quality of the donor organ. A donor’s age and ECD status is given considerable 

weight in the 𝐾𝐷𝑃𝐼 calculation. The structural differences in the 𝐾𝐷𝑃𝐼 are as expected by construction of 

the table. 

 

IV. Model 

To provide a theoretical framework for our empirical model we build on the stylized model developed by 

Rizzo and Zeckhauser (2003). We assume that the probability of accepting the organ is a function of the 

transplant surgeon’s difference in utility between accepting and rejecting an organ, P(accept)=F(∆U). Let 

the difference in utilities have an additively separable form13 

 

∆𝑈 = 𝑉 ℎ,𝑑,𝑚, 𝑠 + 𝑍(𝑑 − 𝑟! , 𝑠 − 𝑟!),        (1) 

 

where: ℎ is the patient’s health status, 𝑑 is the quality of the donor organ, 𝑚 is the histocompatibility of 

the patient and donor match, 𝑠 is the transplant center’s regulatory status, 𝑟! is the reference donor, and 𝑟! 

is the reference regulatory status. The function 𝑍 incorporates reference points whereas the function 𝑉 

does not. The arguments (ℎ,𝑑,𝑚, 𝑠,𝑑 − 𝑟! , 𝑠 − 𝑟!) are variables observed at the time the transplant 

surgeon makes the decision whether to accept an organ.  

We assume that 𝑉(ℎ,𝑑,𝑚, 𝑠) is decreasing and concave in a patient’s health status, 𝑉! < 0 and 

𝑉!,! < 0, because a transplant surgeon derives more utility from accepting an organ for a patient with a 

lower health status than a healthier patient, ceteris paribus.14 Given two identical offers for two patients, 

one with a lower health status (i.e., longer wait time) and the other with a higher health status (i.e., shorter 
                                                
13 In the theoretical literature the decision to accept or reject an organ has been modeled as dynamic choice model 
(Howard 2002; Alagoz et al. 2004, 2007). We have elected to utilize a static behavioral model of surgeon decision-
making to simplify the implied state space in our econometric model. The econometric model would be intractable if 
we utilize the same number of state variables used in our empirical investigation. 
14 We use a standard notation for derivatives of functions. For any function 𝐹 one has: 𝐹! and 𝐹!,! are the first and 
second partial derivatives with respect to the variable 𝑥 and 𝐹!,! and Fy,x are second cross partial derivatives for 
variables 𝑥 and 𝑦. 
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wait time), we assume the transplant surgeon is more likely to accept an organ for the lower heath status 

patient. Difference in utilities is assumed to be increasing and concave in both donor quality, 𝑉! > 0 and 

𝑉!,! < 0, and patient histocompatibility match, 𝑉! > 0 and 𝑉!,! < 0, as well as improvements in their 

transplant center’s regulatory status, 𝑉! > 0 and 𝑉!,! < 0.  

The primary difference between our specification and that of Rizzo and Zeckhauser (2003) is that 

our function 𝑍 incorporates two behavioral reference points that may or may not interact with each other 

in the transplant surgeon’s utility function. We assume that utility is increasing in donor quality, 

𝑍!!!! > 0 and the transplant center’s regulatory status, 𝑍!!!! > 0. Let 𝑆! and 𝑆! denote two points in 

the neighborhood of the regulatory reference point, with 𝑆! below and 𝑆! above the reference point. 

Similarly let 𝐷!and 𝐷! denote two points in a neighborhood of the donor reference point, with 𝐷! below 

and 𝐷! above the reference point.   The variables 𝐷!/! and 𝑆!/! represent points that are either above or 

below the donor and regulatory reference point respectively.  A transplant surgeon will exhibit a 

regulatory behavioral reference point if 𝑍!!!! 𝐷
!/!, 𝑆! = 𝛽𝑍!!!! 𝐷

!/!, 𝑆! ,𝛽 ≠ 1 and donor reference 

point if 𝑍!!!! 𝐷!, 𝑆!/! = 𝜆𝑍!!!! 𝐷!, 𝑆!/! , 𝜆 ≠ 1 . Based on this model we have four primary 

research hypotheses. 

 

Hypothesis 1: A transplant surgeon’s organ acceptance marginal difference in utility has a regulatory 

induced reference point such that 𝛽 ≠ 1. 

 

The current transplantation literature has illustrated that the CMS CoP criteria have resulted in a 

reduction in transplant volume over time (Schold et al. 2012) and an increase in waiting time for patients 

(Schnier et al. 2014) at centers that have not met the CMS CoP.  It has also been hypothesized that these 

responses are due to the regulatory induced reference points (Schnier et al. 2013). To test our first 

research hypothesis we look at whether the CMP CoP provides a behavioral reference point that 

contemporaneously impacts the decision of a surgeon to accept or reject an organ.  

 

Hypothesis 2: A transplant surgeon’s organ acceptance marginal difference in utility has a donor quality 

reference point such that 𝜆 ≠ 1. 

 

Our prior is that a transplant surgeon’s evaluation of an available donor organ is based, in part, on 

whether or not the quality of the organ is above or below the quality of a reference donor organ. Our 

assumption that a 𝐾𝐷𝑃𝐼 of 0.5 represents the “reference donor” is consistent with the reference points 

suggested by Köszegi and Rabin (2006) as its represents the expected quality of a donated organ prior to 
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evaluating its quality characteristics. As mentioned earlier, we investigate the robustness of this 

assumption, and therefore the validity of testing this hypothesis, in our robustness check section.  

Our final two hypotheses concern whether or not a transplant surgeon’s behavioral responses to 

either of our hypothesized reference points is magnified by whether they are above or below the other 

behavioral reference point at the same time. For the regulatory induced reference point we can represent 

this as 𝑍!!!! 𝐷
!, 𝑆! = 𝛾𝑍!!!! 𝐷

!, 𝑆! , 𝛾 ≠ 1 and 𝛾 > 𝛽 . This provides our third hypothesis. 

 

Hypothesis 3: The regulatory induced reference point effect is magnified if the organ offered to a 

transplant surgeon is also below the donor regulatory reference point, 𝛾 ≠ 1 and 𝛾 > 𝛽 .  

 

Our fourth hypothesis mirrors the third. For the donor induced reference point we will observe a 

stronger effect when also below the regulatory reference point: 𝑍!!!! 𝐷
!, 𝑆! = 𝛿𝑍!!!! 𝐷

!, 𝑆! , 𝛿 ≠ 1 

and 𝛿 > 𝜆 . This provides our final hypothesis. 

 

Hypothesis 4: The donor quality reference point effect is magnified if the organ offer to a transplant 

surgeon is made when the surgeon’s center is below the regulatory reference point,  𝛿 ≠ 1 and 𝛿 > 𝜆 .  

 

Our first hypothesis does not differentiate based on whether or not the organ being offered to the 

transplant surgeon is above or below the donor reference point, 𝐷!/!, therefore we can test our first 

hypothesis utilizing a difference-in-difference estimation strategy. The first empirical specification we 

utilize is (Model 1), 𝑃 𝑎𝑐𝑐𝑒𝑝𝑡 = 𝐹(∆𝑈!"#$) where 

 

∆𝑈!"#$ = 𝑋!"#$! 𝛽 + 𝛼!𝐾𝐷𝑃𝐼! + 𝛼!𝑃𝑜𝑠𝑡! + 𝛼!𝑇𝑟𝑖𝑔!" + 𝛼! 𝑃𝑜𝑠𝑡! 𝑇𝑟𝑖𝑔!" + 𝜇! + 𝜌! + 𝜀!"#$   

 

The dependent variable in this regression is a binary indicator variable indicating whether the organ offer 

presented to patient 𝑖 in time period 𝑡 that was derived from donor 𝑑 was accepted at transplant center 𝑐 

(∆𝑈!"#$ > 0). The observation matrix, 𝑋!"#$, contains the transplant center, patient and donor-patient 

characteristics. These variables consist of patient diagnostic code fixed effects, patient ethnicity, patient’s 

current waiting time, patient comorbidity factors (i.e., diabetes, hypertension, COPD, drug use, hepatitis 

status, age, BMI, PRA, etc.), donor-patient match factors (i.e., cold ischemia time, total number of HLA 

mismatches, blood type matching) and the current number of patients on a transplant center’s waiting list. 

The 𝐾𝐷𝑃𝐼 is the kidney donor profile index, which we use to control for donor quality. The variable 

𝑃𝑜𝑠𝑡! is an indicator variable that takes a value of one if the organ offer was made after the first active 

CMS reporting period (June 30, 2007). The variable 𝑇𝑟𝑖𝑔!" is an indicator variable that takes a value of 
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one if transplant center 𝑐 did not meet the three standards set by CMS in time period 𝑡. This variable is 

defined over both the pre-CMS and post-CMS time periods. The parameter 𝜇! is a transplant center fixed 

effect and 𝜌! is a month-year dummy, indicating the month and year in which the organ offer was made, 

that is used to control for time varying characteristics at the monthly level within the transplant 

community.  

 By construction the treatment group contains surgeon organ utilization decisions that occur at 

centers that did not meet the CMS standard in the time period following the activation of the policy. The 

control group consists of all other surgeon organ utilization decisions, including decisions made at centers 

which do not meet the CMS standard in the pre-CMS regulation time period. Therefore, our treatment 

variable, 𝛼!, captures the average treatment effect of a binding CMS regulation. 

 Our second behavioral hypothesis does not depend on whether or not the organ offer was made 

when a transplant surgeon’s transplant center was above or below the regulatory reference point, 𝑆!/!. 

Therefore we can investigate this hypothesis using the following specification (Model 2), 

 

∆𝑈!"#$ = 𝑋!"#$! 𝛽 + 𝛼!𝐾𝐷𝑃𝐼! + 𝛼!(𝐾𝐷𝑃𝐼! > 0.5) + 𝛼! 𝐾𝐷𝑃𝐼! 𝐾𝐷𝑃𝐼! > 0.5 + 𝜇! + 𝜌! + 𝜀!"#$, 

 

where all variables are as previously described. In this model the treatment group represents organ offers 

that were made to a surgeon where the donor quality is lower than reference donor quality, 𝐾𝐷𝑃𝐼 = 0.5, 

and the control group represents all other organ offers. A limitation of Model 1 and 2 is that they do not 

account for the other potential behavioral reference point in their investigation of the treatment effects. 

This is addressed in our empirical tests of hypotheses 3 and 4. To empirically test our third hypothesis we 

estimate the following triple difference model (Model 3),  

 

∆𝑈!"#$ = 𝑋!"#$! 𝛽 + 𝛼!𝐾𝐷𝑃𝐼! + 𝛼! 𝐾𝐷𝑃𝐼! > 0.5 + 𝛼!𝑃𝑜𝑠𝑡! + 𝛼!𝑇𝑟𝑖𝑔!" 

+𝛼! 𝐾𝐷𝑃𝐼! > 0.5 𝑃𝑜𝑠𝑡! + 𝛼! 𝐾𝐷𝑃𝐼! > 0.5 𝑇𝑟𝑖𝑔!" + 𝛼! 𝑃𝑜𝑠𝑡! 𝑇𝑟𝑖𝑔!"  

+𝛼!(𝐾𝐷𝑃𝐼! > 0.5)(𝑃𝑜𝑠𝑡!)(𝑇𝑟𝑖𝑔!") + 𝜇! + 𝜌! + 𝜀!"#$. 

 

The coefficient on 𝛼! captures the impact that being below both the regulatory reference point and the 

donor quality reference point has on a surgeon’s decision to accept an organ. This is suitable for testing 

our third research hypothesis because it treats the donor reference point as a discrete event in the 

surgeon’s choice space. Our fourth hypothesis is concerned with the marginal impact that donor quality 

has on surgeon decision-making when a surgeon is below both the regulatory reference point and the 

donor reference point. This can be investigated by expanding Model 3 to include a continuous measure of 

donor quality using the following specification (Model 4), 
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∆𝑈!"#$ = 𝑋!"#$! 𝛽 + 𝛼!𝐾𝐷𝑃𝐼! + 𝛼! 𝐾𝐷𝑃𝐼! > 0.5 + 𝛼!𝑃𝑜𝑠𝑡! + 𝛼!𝑇𝑟𝑖𝑔!" 

+𝛼! 𝐾𝐷𝑃𝐼! 𝐾𝐷𝑃𝐼! > 0.5 + 𝛼! 𝐾𝐷𝑃𝐼! 𝑃𝑜𝑠𝑡! + 𝛼! 𝐾𝐷𝑃𝐼! 𝑇𝑟𝑖𝑔!" + 𝛼! 𝐾𝐷𝑃𝐼! > 0.5 𝑃𝑜𝑠𝑡!
+ 𝛼! 𝐾𝐷𝑃𝐼! > 0.5 𝑇𝑟𝑖𝑔!" + 𝛼!" 𝑃𝑜𝑠𝑡! 𝑇𝑟𝑖𝑔!" + 𝛼!! 𝐾𝐷𝑃𝐼! 𝐾𝐷𝑃𝐼! > 0.5 𝑃𝑜𝑠𝑡!
+ 𝛼!" 𝐾𝐷𝑃𝐼! 𝐾𝐷𝑃𝐼! > 0.5 𝑇𝑟𝑖𝑔!" + 𝛼!" 𝐾𝐷𝑃𝐼! 𝑃𝑜𝑠𝑡! 𝑇𝑟𝑖𝑔!"
+ 𝛼!" 𝐾𝐷𝑃𝐼! > 0.5 𝑃𝑜𝑠𝑡! 𝑇𝑟𝑖𝑔!"  

+𝛼!"(𝐾𝐷𝑃𝐼!)(𝐾𝐷𝑃𝐼! > 0.5)(𝑃𝑜𝑠𝑡!)(𝑇𝑟𝑖𝑔!") + 𝜇! + 𝜌! + 𝜀!"#$.      

        

Using this specification the coefficient 𝛼!"  will capture the marginal effect of 𝐾𝐷𝑃𝐼  on surgeon’s 

preferences when they are below both behavioral reference points.  

Each of the models that use the 𝑇𝑟𝑖𝑔!" variable is defined in two different ways depending on 

which of the CMS CoP criteria is being used, either the 1-year graft survival rate or the 1-year patient 

survival rate. In addition, each of the empirical models is estimated using a linear probability model with 

the standard errors clustered at the transplant center level. The empirical results will be discussed in the 

following section. 

 

V. Results 

Prior to formally investigating our four research hypotheses, we will illustrate the patient and patient-

donor characteristics that influence a transplant surgeon’s decision to accept an organ. Table 4 contains 

the results for the patient and patient-donor characteristics contained in 𝑋!"#$  resulting from our 

estimation of Model 1.15 The parameter estimates for the covariates are predominately stable across the 

four different fixed effect specifications, with a few minor exceptions. Focusing on the parameter 

estimates that control for center and month-year fixed effects, there are a number of patient and patient-

donor characteristics that influence the probability of accepting an organ. Factors that have a negative 

impact on the acceptance probability are the total number of antigen mismatches observed, a patient’s 

BMI and a patient’s albumin level at listing. Factors that have a positive effect on the probability of 

accepting an organ are whether or not the patient is in poor health at listing (Function Status 3)16, if the 

patient:  has been pregnant, is on dialysis at listing, had a previous kidney transplant, is HCV positive, is 

                                                
15 The parameter estimates observed in Table 4 are consistent across the four different models estimated. Therefore, 
we have elected to only illustrate the results for Model 1. The complete set of results from the other models can be 
obtained from the authors. 
16 Functional Status 1 indicates that the patient performs daily activities with no assistance. Functional Status 2 
indicates that the patient performs daily activities with some assistance and Status 3 indicates that they require total 
assistance. The 4th status, and omitted variable, indicates whether or not the status was unobserved. 
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older, the PRA level at listing, the imputed cold ischemic time and the length of time waiting for an 

organ. 

 The importance of antigen mismatches and cold ischemic time were discussed earlier and they 

warrant further investigation. The negative effect of total mismatches indicates that increasing the number 

of antigen mismatches by one unit reduces the probability of acceptance by 0.23%. This result is 

consistent with the antigen mismatch distributions observed in Figure 3. The estimates of the cold 

ischemic time indicate a positive and diminishing marginal effect on the probability of accepting an organ 

for values below 39 hours but fall after that. Therefore, up to this time transplant surgeons appear to be 

comfortable with the cold ischemic time but beyond this time period it begins to adversely affect the 

organ acceptance decision. 

The results from the test of our first research hypothesis are contained in Table 5 (Model 1). The 

parameter estimates illustrate that transplant surgeon’s acceptance rates decrease with a poorer quality 

donor organ, a higher 𝐾𝐷𝑃𝐼  value, which is congruent with our expectations. This behavioral 

phenomenon is consistent across all of the models that we estimate. Focusing on the impact of not being 

compliant with the standards set forth by CMS, we can clearly see that not being in compliance had no 

effect on a transplant surgeon’s acceptance rate using the results from Model 1. What is apparent in all 

models is that transplant surgeons unilaterally reduced their acceptance rates immediately following the 

enactment of CMS CoP. This finding consistently arises when we control for both transplant center fixed 

effects as well as month-year time varying fixed effects, which suggest that the CMS CoP generated a 

behavioral shift in their acceptance rates that was independent of whether or not they were in compliance 

with the CMS CoP triggers or not. However some caution is warranted when we include the month-year 

fixed effects as this coefficient must be interpreted relative to the omitted month-year dummy variable; 

the omitted dummy was removed from the regression to prevent colinearity with 𝑃𝑜𝑠𝑡!. The statistically 

insignificant effect of the CMS CoP triggers in the post-CMS period is an average treatment effect; as 

will become more apparent in our robustness check section this effect is driven by the high degree of 

behavioral heterogeneity in response to the CMS CoP triggers. 

 The results from testing our second research hypothesis are contained in Table 6 (Model 2). The 

parameter estimates illustrate that a higher 𝐾𝐷𝑃𝐼 value reduces the probability that an organ will be 

accepted and being below the reference donor, (𝐾𝐷𝑃𝐼! > 0.5), generates a large structural shift in the 

probability by unilaterally decreasing the probability of acceptance. However, the marginal effect of 

donor quality on organ acceptance is positive and statistically significant when the donated organ is below 

the reference donor organ. This does not imply that the effect of poor donor quality is no longer negative, 

it indicates that it is less negative than when one is above the reference donor organ. The marginal effect 

of donor quality above the reference donor organ is -0.0246, whereas below the reference donor organ it 
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is -0.0053. This implies that a 0.10 unit increase in donor quality, moving toward a 𝐾𝐷𝑃𝐼 of zero, will 

increase the probability of accepting the organ by 0.025% above the reference donor, but by only 0.005% 

below the reference donor. The probability estimates for Model 2 illustrate that the probability of 

accepting an organ is over 70% greater when the donor organ is of the highest quality, 𝐾𝐷𝑃𝐼 = 0, versus 

when it is from the median donor. Furthermore, the probability of accepting the lowest quality organ, 

𝐾𝐷𝑃𝐼 = 1, is approximately 10% below that of the median donor. Clearly, the marginal value of organ 

quality is substantially larger above the reference donor organ than below it. These results clearly support 

the presence of a donor reference point in the behavioral heuristic utilized by transplant surgeons in their 

organ acceptance decisions.  

 The results from testing our first hypothesis illustrate that on average transplant surgeons do not 

possess a regulatory induced behavioral reference point. This test does not control for whether or not the 

organ offered to the surgeon is above or below the reference donor organ. Our third research hypothesis 

does account for the donor organ reference point that our second hypothesis confirms as a behavioral 

reference point. The parameter estimate that captures this is the triple difference estimation parameter, 𝛼!, 

in Model 3. The results from this regression are contained in Table 7. For both of the CMS CoP models 

and across all the different fixed effect specifications, the sign on this coefficient is not statistically 

significant from zero. Therefore, on average the results do not support our third research hypothesis.  

 The results from estimating Model 4 are contained in Tables 8a and 8b. When we augment Model 

3 to determine the impact that being below both behavioral reference points has on a transplant surgeon’s 

marginal preferences over donor quality, our fourth research hypothesis, we observe a similar effect as the 

triple difference used to investigate our third research hypothesis (see Table 6). Our treatment variable of 

interest, 𝛼!", is statistically insignificant across all of the model specifications and the two CMS CoP 

criteria. However, the statistically significant coefficients for 𝛼!,𝛼!,𝛼!,𝛼!,𝛼!,𝛼! and 𝛼!! suggest an 

interesting behavioral response. This behavioral response is illustrated in Figure 4 where we plot the 

probability of organ acceptance as a function of donor organ quality, 𝐾𝐷𝑃𝐼, relative to the reference 

donor organ. 

The results for Model 4 prior to the CMS CoPs and when the CMS CoP triggers are not being 

triggered (far left panel of Figure 4) illustrate that the highest quality organ possesses an acceptance rate 

that is approximately 125% greater than the reference donor and this probability falls off considerably as 

the quality of the donor falls. The results in Figure 4 indicate that the probability of accepting the lowest 

quality organ is only 1.26% lower than the reference donor organ. However, given the lack of statistical 

significance for a number of the parameters (see Tables 8a and 8b), we observe very wide confidence 

intervals for the predicted difference in acceptance probabilities relative to the reference donor in the 

post-CMS period and when the CMS CoP triggers are being triggered. This said, we do observe a similar 
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pattern of behavioral response to the 𝐾𝐷𝑃𝐼 as the marginal utility of donor quality above the reference 

donor organ is greater than when it is below the reference donor organ.  

Focusing on the results from the pooled data set it appears that on average when a center does not 

meet the CMS CoP in the post-regulation period the marginal effect is statistically insignificant from 

zero. Although the average results for the CMS CoP triggers do not support the presence of a regulatory 

reference point, the results from using the median donor quality as a behavioral reference point do support 

the presence of this reference point. Our results suggests that surgeon perceptions of donor organ quality 

put more weight on higher quality organs, but once an organ reaches a lower quality they do not respond 

as strongly to reductions in quality. In essence they do not differentiate nearly as much between an organ 

that has a 𝐾𝐷𝑃𝐼 between 0.8 and 0.9 versus if it is between 0.1 and 0.2. The lower quality organs are in 

general treated more similarly on the margin than the higher quality organs. This would be consistent with 

an organ threshold model where surgeons target a certain quality of organ for a patient and then disregard 

any other organ that does not meet the threshold.  

As referenced earlier some of the empirical findings are a construct of the pooled data structure. 

There exists a sizable degree of transplant center heterogeneity that is in fact driving a number of the 

average results observed. To address this in more detail we re-estimate a selection of the models at the 

transplant center level to illustrate the impact of transplant center heterogeneity. This is discussed in the 

following section. 

 

VI. Transplant Center Heterogeneity 

The estimates illustrated in Tables 4 through 8b represent the average behavioral responses to the patient, 

patient-donor and donor covariates. Therefore, in testing our behavioral hypotheses we cannot determine 

whether a particular transplant surgeon behaves differently than another when faced with the same 

information. Ideally, we would like to be able to utilize surgeon identifiers to investigate the degree of 

heterogeneity in our behavioral responses. However, surgeon identifiers cannot be obtained for our data 

set. In our data set we do observe the next best source of behavioral heterogeneity, the transplant center. 

Transplant centers provide care for a large number of patients and often possess center-level practices that 

the transplant team, the set of surgeons conducting transplants at the center, have elected to adopt. This 

transplant center specific behavior is captured by the center fixed effects in the regression models 

discussed above. However, for a number of the hypotheses investigated there exists a sizable degree of 

heterogeneity in the center-level behavior. To investigate this we re-ran models 1, 3 and 4 at the center 

level.17 The results are contained in Figure 5, 6 and 7, focusing on the treatment coefficients of interest. 

                                                
17 We elected to not illustrate the transplant center level estimates for Model 2 because a majority of 54% of the 
parameter estimates are positive and statistically significant whereas only 19% of the center-level estimates were 
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The coefficient estimates have been ordered from lowest to highest with 90% confidence intervals 

calculated using the estimated standard errors.  

In Model 1 the coefficient of interest was 𝛼! and it was statistically insignificant when all the data 

was pooled. The distribution of the center-level parameter estimates are contained in Table 5. Although a 

large percentage of the centers still possess a statistically insignificant coefficient for 𝛼!  when 

investigating the CMS CoP for 1-year graft survival, approximately 62% of the center-level estimates of 

𝛼! are statistically insignificant, there are some strong outliers in the distribution. 15% of the centers 

possess a statistically significant negative effect, with the largest negative point estimate being -1.62, and 

23% possess a statistically significant positive effect with the largest positive point estimate being 1.06. 

The 1-year patient survival estimates indicate that approximately 73% of the centers possess statistically 

insignificant responses to the CMS CoP trigger in the post-regulation time period, while 11% have a 

negative effect (largest is -0.28) and 15% have a positive effect (largest is 0.06). The results from Model 1 

confirm why we observe the statistically insignificant effect of the CMS CoP regulation but also illustrate 

there is a sizable degree of center heterogeneity. 

 The coefficient on 𝛼! captures the triple difference of being below both the regulatory and donor 

reference points. The distribution of center-level parameter estimates, conditional on observing a binding 

CMS CoP regulation, is illustrated in Figure 6. The degree of center-level heterogeneity observed 

increases when a center is below both the regulatory and donor reference points. 38% of the centers 

possess a statistically significant and negative response to the CMS 1-year graft survival triggers when 

they are below both reference points, 23% are positive and statistically significant and the remaining 39% 

are not statistically significant. The percentage of statistically significant and positive centers increases to 

36% when we investigate the 1-year patient survival CMS triggers and the negative and statistically 

significant parameter estimates decreases to 24%. These results highlight that there is a subset of centers 

that behave more aggressively and conservatively when they are below both of our hypothesized 

reference points. The balance of these behavioral responses counteract each other and generate the 

statistically insignificant effect in our model investigating the average effect (see Table 7). 

A final example of the high degree of heterogeneity that exists within the transplant community is 

illustrated in our plots of 𝛼!" for Model 4 when we estimate the model at the center level. This parameter 

is the triple differenced marginal effect on a surgeon’s valuation of donor quality. Clearly, there is a high 

degree of heterogeneity. In the 1-year graft survival model 23% of the responses are negative, 47% are 

positive and the remainder statistically insignificant from zero. In the 1-year patient survival model 25% 

are negative, 54% are positive and the remainder are statistically insignificant from zero. The fact that on 

                                                                                                                                                       
negative and statistically significant. For the most part, these results just further confirm the results contained in 
Table 6. 
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average the treatment effect is statistically insignificant indicates that the negative responses, weighted by 

the respective number of organ offers made to these centers, is offset by the corresponding positive effect 

of the other centers, again weighted by the number of organ offers they receive. This further illustrates 

that at the transplant center level there appear to be two different strategies to deal with the CMS CoP 

triggers, which wash out when investigating the average treatment effect. One strategy is to become more 

selective with one’s organ utilization criteria in an effort to increase the expected outcomes from the 

transplant and the other is to become more aggressive in an effort to increase the number of transplants 

conducted and reduce the impact that any one transplant has on a center’s quality evaluations. Either of 

these strategies supports the presence of our hypothesized behavioral reference points and they further 

illustrate the high degree of heterogeneity in center-level practices. 

 

VII. Robustness Checks 

To investigate the robustness of our results we investigate modifications of Models 1 and 2. In our first 

robustness check we investigate the marginal impact of the different CMS CoP triggers on surgeon 

choices. As mentioned earlier, in order to not meet the CMS CoP standards a center must meet all three 

triggers simultaneously. However, our empirical specification may be too restrictive of a test that the 

CMS CoP triggers have on surgeon behavior. Centers may exert pressure on their surgeons to curb their 

utilization decisions when one or any two of the triggers are reached. Therefore, we may be estimating a 

behavioral response that is too low. To investigate this we ran five additional regressions of the CMS CoP 

triggers where we re-define the 𝑇𝑟𝑖𝑔!" to take a value of one if the following triggers are met: (1) trigger 

1 (observed-expected > 3), (2) trigger 2 (observed/expected > 1.5), (3) triggers 1 and 2, (4) triggers 1 and 

3 (p-value < 0.05), and (5) triggers 2 and 3. We do not run the model with trigger 3 separately as it is 

possible that the statistical significance in the differences could be indicating that a center is performing 

statistically better than expected, which is the polar opposite of the CMS CoP triggers objective. The 

results from these five regressions, as well as the corresponding complete trigger model (reproduced from 

Table 4), are illustrated in Table 9. 

The parameter estimates generate very similar results to those observed in Table 5; it does not 

appear that on average any one of the triggers nor combinations of triggers generates a behavioral 

response. The only exception is the coefficient in Model (1) for 1-year patient survival CMS CoP. For this 

trigger, arising when the observed minus expected is greater than three, centers appear to be more 

aggressive with their utilization of organs. However, when we combine this trigger with either the second 

or third trigger it does not have any effect on the utilization rate. Again, these results are the average 

treatment effects observed. As was the case when all three triggers are met, see Table 4, these results may 

arise from the degree of heterogeneity in the population. To formally investigate this, Figures 8a and 8b 
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graphically illustrate the distribution of 𝛼!′𝑠 by trigger type when we estimate center-specific coefficients 

for 𝛼! for the 1-year patient graft survival and 1-year patient survival CMS CoP triggers respectively. The 

figures clearly illustrates that the average treatment effect is driven by the high degree of transplant center 

heterogeneity. For the 1-year patient graft survival triggers 35% possess a statistically significant and 

negative response to trigger 1, 29% possess a statistically positive response and the remaining are not 

statistically significant from zero. The other triggers all illustrate a similar pattern, where approximately a 

third of the centers possess a statistically significant and negative response, a third possess a statistically 

positive and significant response and the remaining third are not statistically significant from zero. The 

results from the 1-year patient survival models, contained in Figure 8b, illustrate a similar pattern of 

behavioral responses at the transplant center level with a slightly smaller amount of the distributional 

mass in the tails of the distribution and more mass focused in the null value range. 

The CMS CoP regulations provide a concrete reference point for our analysis as it is dictated by 

an external regulatory body. The 𝐾𝐷𝑃𝐼 reference point, on the other hand, is more subjective. Although a 

donor with a 𝐾𝐷𝑃𝐼 value of 0.5 is referred to as the “reference donor” by UNOS and is constructed to be 

the median donor, this does not necessarily imply that this value is the “true” reference point as transplant 

surgeons may elect to focus on a different level as the reference point. To investigate the subjectivity of 

our assumption regarding the reference donor we estimated 100 different regressions by varying our 

definition of the reference donor, changing our hypothesized behavioral reference point, from 0.01 to 1.0 

using intervals of 0.01. For each regression we then plotted out the probability of acceptance when the 

𝐾𝐷𝑃𝐼 increases from zero to one, again using intervals of 0.01. The scatter plot of these points are 

illustrated in Figure 10, along with a cubic polynomial fit to investigate whether or not our assumed 

reference point at the median 𝐾𝐷𝑃𝐼 value (0.5) is valid or if the reference point arises somewhere else in 

the distribution of values. 

The cubic polynomial fit in Figure 9 suggests that the median value (KDPI=0.5) separate the 

flatter part of the cubic fit from the steeper one. This provides some validation of our selection of the 

reference donor organ. The plot of data points illustrates a very similar pattern to the one in Figure 4. 

Transplant surgeons put a much higher weight on donor organ quality when the donor is above the 

reference donor threshold but then as one progresses beyond the reference donor the impact of donor 

quality on the acceptance decision is considerably smaller. These responses are consistent with a 

behavioral hypothesis that transplant surgeons possess threshold values for donor quality where if an 

organ falls below the threshold, in this case the reference donor, they treat the organ similarly to any 

organ of a lower quality. However, if the donor quality is perceived to be above the reference donor a 

considerable amount of weight is assigned to marginal changes in donor quality. 
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Combined, these robustness checks have illustrated that although on average transplant centers 

do not appear to treat the CMS CoP triggers as behavioral reference points, this is not true when we 

investigate this phenomenon at the center level. In the distribution of transplant centers there appears to 

be three different types of centers, those who respond negatively, those who respond positively and those 

that do not respond at all. Furthermore, for the most part, there appears to be a balance of these types 

across the distribution of transplant centers. The results for the donor organ reference point are 

substantially stronger and our robustness check illustrates that a transplant surgeon’s behavioral responses 

when we alter the reference point generates a similar profile to that observed when we assume the 

reference donor is the median donor. This validates our selection of the median donor as a behavioral 

reference point. 

 

VII. Conclusion 

The amount of information available to a transplant surgeon is immense and it must be processed in a 

relatively short period of time when deciding whether or not an organ is suitable for their patient. To date 

very little empirical research has been conducted on the effect of behavioral reference points on the 

likelihood of a deceased donor organ being accepted by transplant surgeons. This paper reports the first 

empirical analysis of this decision process using a highly detailed data set on both the patient offered the 

organ and the donor providing the organ. Our results illustrate that transplant surgeon decisions are 

consistent with the presence of behavioral reference points. Although donor quality and a number of 

patient and patient-donor characteristics impact the decision to utilize an organ, this decision environment 

is characterized by two behavioral reference points. One reference point is based on the quality of the 

donor organ offered for transplantation, and the other is induced by the regulatory regime. We find that 

the median donor quality provides a significant reference point for transplant surgeons and on average the 

regulatory environment does not appear to provide a behavioral reference point. However, when we 

investigate the robustness of this average effect we find a number of centers that respond positively and 

other centers negatively to the CMS CoP triggers. These two effects, combined with a number of 

statistically insignificant responses, negate each other and generate a statistically insignificant average 

effect. 

From a policy perspective our findings suggest that the response to the behavioral reference 

points exhibited by transplant surgeons may have a profound effect on the utilization of deceased donor 

organs. First, it is erroneous to assume that transplant centers do not respond to the CMS CoP regulations, 

as suggested by our average treatment effects, as there exists a high degree of transplant center 

heterogeneity. A number of centers behave more conservatively or aggressively in response to the CMS 

CoP triggers. This suggests that transplant surgeons follow one of three strategies when the CMS CoP 
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triggers are activated: (1) increase the number of acceptances, (2) decrease the number of acceptances, 

and (3) no change to their decision process. We leave it open for future research to ascertain the 

rationality of each of these strategies in the presence of the quality metrics set forth by CMS, but our 

results do illustrate that there is not a consensus on the best response to the regulations. Furthermore, 

these behavioral responses are exacerbated when a transplant surgeon is offered an organ below the 

reference donor at the time that their center is not compliant with the CMS CoP criteria. 

The donor organ quality reference point results indicate that the marginal value of increased 

organ quality changes when the quality of the organ crosses the reference donor organ. Given that the 

outcomes measured to monitor the performance of a transplant center are based on risk adjusted donor 

organs, our results indicate that the risk adjustments used by SRTR may be incongruous with the 

objectives of increased deceased donor organ utilization. If the risk adjustments used in the transplant 

community accurately addressed the degree of heterogeneity in donor organ quality then reference 

dependent behavior would be offset by the risk adjustments. Those organs that are perceived of as a lower 

quality relative to the reference organ would be adjusted to make their marginal utility equal to the higher 

quality organs above the reference donor organ. If this were done it might generate an increase in the 

number of deceased donor organs that are utilized by transplant surgeons and increase the quality of life 

for many patients currently waiting for an organs. It is definitely too early to conclude on the robustness 

of this conjecture, but the possibility of it being true does warrant further investigation into the complex 

decision making of transplant surgeons. 
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Figure 1: Distribution of Kidney Donor Risk Index (𝐾𝐷𝑅𝐼) and Kidney Donor Profile Index (𝐾𝐷𝑃𝐼). Distributions are determined using the 
55,360 unique donors in the data set and are not weighted according to their observance within the match run offer data set. 
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Figure 2: Q-Q Plot of Actual and Predicted Cold Ischemic Time. The X-axis represents that actual cold ischemic time observed for a transplant, 
whereas the predicted (Y-axis) is expected value using our regression model. The dashed line is a 45-degree line indicating equality in the 
distributions at the respective quantile comparison. 

 
 
 
 
 

0 10 20 30 40 50 60 70 80 90 100
5

10

15

20

25

30

35

40

45

50

Actual Cold Ischemic Time − Quantiles

Pr
ed

ic
te

d 
C

ol
d 

Is
ch

em
ic

 T
im

e 
− 

Q
ua

nt
ile

s



 28 

 
 
 
 
 
Figure 3: Histocompatibility plot by acceptance and rejection. Percentage of acceptances (blue) and rejections (orange) by number of HLA 
mismatches.  
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Figure 4: Graphical illustration of the marginal effects observed for Model 4 using the parameter estimates from the 1-year patient survival 
triggers. 
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Figure 5: Plot of the transplant center coefficients for 𝛼! resulting from estimating Model 1 for each of the transplant center’s data. The left panel 
represents the 1-year graft survival CMS CoP triggers and the right panel represents the 1-year patient survival CMS CoP triggers. 
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Figure 6: Plot of the transplant center coefficients for 𝛼! resulting from estimating Model 3 for each of the transplant center’s data. The left panel 
represents the 1-year graft survival CMS CoP triggers and the right panel represents the 1-year patient survival CMS CoP triggers. 

 
 
 
 
 
 
 
 

5 10 15 20 25

−0.25

−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25

CMS CoP: 1−year Graft Survival

Transplant Center

al
ph

a 8

5 10 15 20 25
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2
CMS CoP: 1−year Patient Survival

Transplant Center
al

ph
a 8

 

 

Point Estimate
Upper 95% CI
Lower 95% CI



 32 

 
 
 
 
 
Figure 7: Plot of the transplant center coefficients for 𝛼!" resulting from estimating Model 4 for each of the transplant center’s data. The left panel 
represents the 1-year graft survival CMS CoP triggers and the right panel represents the 1-year patient survival CMS CoP triggers. 
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Figure 8a: Model 1 results broken down by triggers for the 1-year graft survival CMS CoP triggers. The triggers are (1) Observed-Expected>3; 
(2) Observed/Expected>1.5; and (3) p-value less than 0.05. Each panel indicated represents the center-level coefficient for 𝛼! with 90% 
confidence intervals plotted. 
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Figure 8b: Model 1 results broken down by triggers for the 1-year patient survival CMS CoP triggers. The triggers are (1) Observed-Expected>3; 
(2) Observed/Expected>1.5; and (3) p-value less than 0.05. Each panel indicated represents the center-level coefficient for 𝛼!  with 90% 
confidence intervals plotted. 
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Figure 9: Plot of Model 3 varying the reference donor threshold from 0.01 to 1 using an interval of 0.01. The x-axis represents the 𝐾𝐷𝑃𝐼 value 
and the y-axis the marginal effect of 𝐾𝐷𝑃𝐼 on organ acceptance. 
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Table 1: Cold ischemia time regression. Dependent variable is the log of cold ischemia time reported in the UNOS data set for all transplants 
conducted between July 1, 2003 and December 30, 2012 for the transplant center within our analysis. The omitted HRSA region is Region 1 and 
the omitted death mechanism is natural causes. 

Variable Coefficient Stand. Error Variable Coefficient Stand. Error 
Constant 2.4898*** 0.2354 Region 3 0.2960*** 0.0113 

Log(Seq. Num.) 0.0172 0.0120 Region 4 0.2542*** 0.0119 
Log(Time Trans.) 0.4791*** 0.0686 Region 5 0.1465*** 0.0112 
Log(Dnr. BMI) -0.1847 0.1437 Region 6 0.1573*** 0.0139 
Log(Dnr. Age) -0.0653* 0.0390 Region 7 0.2493*** 0.0121 

(Log(Seq. Num))2 0.0074*** 0.0004 Region 8 0.0551*** 0.0123 
(Log(Time Trans.))2 0.3611*** 0.0200 Region 9 0.3078*** 0.0122 
(Log(Dnr. BMI))2 0.0322 0.0239 Region 10 0.1831*** 0.0119 
(Log(Dnr. Age))2 0.0102*** 0.0029 Region 11 0.2986*** 0.0116 

Log(Seq. Num)Log(Time Trans.) -0.0467*** 0.0024 Suicide Death -0.0048 0.0065 
Log(Seq. Num)Log(Dnr. BMI) -0.0057 0.0039 Homicide Death -0.0075 0.0077 
Log(Seq. Num)Log(Dnr. Age) 0.0080*** 0.0015 Child Abuse Death 0.0232 0.0222 

Log(Time Trans.)Log(Dnr. BMI) -0.0157 0.0223 Non-Motor Veh. Death -0.0011 0.0063 
Log(Time Trans.)Log(Dnr. Age) -0.0293*** 0.0082 Natural Causes Death 0.0017 0.0043 
Log(Dnr. BMI)Log(Dnr. Age) 0.0021 0.0144 Non-Heart Beating Donor 0.0473*** 0.0055 

Region 2 0.1966*** 0.0112 ECD Kidney 0.0265*** 0.0057 
    

Number of Observations 87,681 R-squared  0.1992  
*** indicates statistically significant at the 99%; ** indicates statistically significant at the 95% level%; * indicates statistically significant at the 90% level. 
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Table 2: Descriptive Statistics broken down by the CMS CoP triggers. 𝑇𝑟𝑖𝑔! = 1 implies that either the 1-year graft survival CMS CoPs or the 1-
year patient survival triggers are met by a center. There are total of 1,673,350 observations in the Pre-CMS CoP period and 3,624,805 observations 
in the Post-CMS CoP period. The averages are reported in the respective columns with the standard deviations reported in parentheses. The normal 
difference is reported in the Norm. Diff. column. 

 Pre-CMS CoP Post-CMS CoP 
Variable 𝑇𝑟𝑖𝑔! = 0 𝑇𝑟𝑖𝑔! = 1 Norm. Diff. 𝑇𝑟𝑖𝑔! = 0 𝑇𝑟𝑖𝑔! = 1 Norm. Diff. 

Acceptance Rate 0.0215 
(0.1451) 

0.0287 
(0.1669) 

-0.0325 0.0157 
(0.1242) 

0.0199 
(0.1397) 

-0.0227 

Total HLA Mismatches 4.4434 
(1.1675) 

4.4347 
(1.1690) 

0.0053 4.6569 
(1.1076) 

4.4612 
(1.4085) 

0.1092 

BMI Donor 26.6552 
(7.0199) 

26.8593 
(7.3153) 

-0.0201 27.5180 
(7.6163) 

27.8729 
(7.8850) 

-0.0324 

Age Donor 41.6298 
(18.5432) 

40.7173 
(18.4197) 

0.0349 41.4406 
(16.8635) 

40.9615 
(17.1311) 

0.0199 

KDPI 0.6604 
(0.2587) 

0.6415 
(0.2636) 

0.0510 0.6246 
(0.2688) 

0.6170 
(0.2660) 

0.0201 

Cold Ischemic Time 3.1659 
(2.4122) 

3.2537 
(2.7866) 

-0.0238 3.1234 
(2.2528) 

3.1632 
(2.3019) 

-0.0124 

ECD Donor 0.2467 
(0.4311) 

0.2309 
(0.4214) 

0.0262 0.2138 
(0.4100) 

0.2268 
(0.4187) 

-0.0221 

BMI Patient 27.0333 
(3.8384) 

27.2946 
(4.5761) 

-0.0438 27.1028 
(3.2492) 

27.2462 
(3.5995) 

-0.0296 

Age Patient 48.7244 
(13.2683) 

47.9451 
(13.2245) 

0.0416 51.0150 
(13.0203) 

50.0180 
(13.0644) 

0.0541 

Patient Diabetes Type 1 0.0342 
(0.1818) 

0.0266 
(0.1609) 

0.0314 0.0574 
(0.2325) 

0.0525 
(0.2231) 

0.0150 

Patient Diabetes Type 2 0.1103 
(0.3132) 

0.1234 
(0.3288) 

-0.0289 0.3034 
(0.4597) 

0.2980 
(0.4574) 

0.0084 

Patient Dialysis 0.8038 
(0.3971) 

0.8348 
(0.3713) 

-0.0570 0.7547 
(0.4303) 

0.7782 
(0.4154) 

-0.0393 

% Obs. 𝐾𝐷𝑃𝐼! > 0.5 0.7301 
(0.4493) 

0.6963 
(0.4599) 

0.0530 0.6813 
(0.4660) 

0.6663 
(0.4715) 

0.0227 

% Obs. 𝑇𝑟𝑖𝑔!   7.61%   7.03% 
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Table 3: Descriptive Statistics broken down by whether or not the organ offer was made when the donor was above the reference donor’s organ 
quality (𝐾𝐷𝑃𝐼! ≤ 0.5) or above it (𝐾𝐷𝑃𝐼! > 0.5). There are total of 1,614,785 observations with the 𝐾𝐷𝑃𝐼 ≤ 0.5 and 3,683,370 observations 
with the 𝐾𝐷𝑃𝐼 > 0.5. The averages are reported in the respective columns with the standard deviations reported in parentheses. The normal 
difference is reported in the Norm. Diff. column. 

Variable 𝐾𝐷𝑃𝐼! ≤ 0.5 𝐾𝐷𝑃𝐼! > 0.5 Normalized IW 
Acceptance Rate 0.0276 (0.1639) 0.0136 (0.1159) 0.0698 

Total HLA Mismatches 4.5567 (1.1789) 4.5900 (1.1333) -0.0203 
BMI Donor 26.7044 (6.6816) 27.5143 (7.7705) -0.0790 
Age Donor 28.8702 (10.0317) 46.9727 (17.10153) -0.9129 

KDPI 0.2940 (0.1386) 0.7846 (0.1419) -2.4729 
Cold Ischemic Time 3.2202 (2.7326) 3.1061 (2.1081) 0.0330 

ECD Donor 0.0000 (0.0122) 0.3228 (0.4675) -0.6898 
BMI Patient 27.0674 (3.4708) 27.1057 (3.4909) -0.0078 
Age Patient 49.2922 (13.4609) 50.6337 (12.9833) -0.0717 

Patient Diabetes Type 1 0.0487 (0.2151) 0.0501 (0.2181) -0.0046 
Patient Diabetes Type 2 0.2433 (0.4291) 0.2421 (0.4284) 0.0021 

Patient Dialysis 0.7647 (0.4242) 0.7754 (0.4173) -0.0179 
Obs. 𝑇𝑟𝑖𝑔! 0.0766 (0.2660) 0.0702 (0.2554) 0.0175 

% Obs. 𝐾𝐷𝑃𝐼! > 0.5 69.52%   
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Table 4: Estimation results for Model covariate controls, 𝑋!"#$, in Model 1 using the 1-year graft survival CMS CoP triggers. There are a total of 
5,298,155 observations. The errors are clustered at the transplant center level. All regressions contain the following controls: patient diagnosis 
code, patient ethnicity, donor death circumstances, blood mismatches, and the other treatment variables in the regression. Treatment variables are 
contained in Table 5. 

KDPI Model 
Variable (1) (2) (3) (4) 

Total Mismatches -0.0023*** -0.0022*** -0.0025*** -0.0023*** 
Func. Stat. 1 0.0017* 0.0001 0.0012 -0.0002 
Func. Stat. 2 0.0021* 0.0000 0.0013 -0.0004 
Func. Stat. 3 0.0022* 0.0038*** 0.0021* 0.0038*** 
Prev. Preg. 0.0008*** 0.0004** 0.0010*** 0.0004** 

Male 0.0004* -0.0002 0.0004** -0.0001 
BMI -0.0003 -0.0001*** -0.0000 -0.0001*** 

On Dialysis 0.0013** 0.0012*** 0.0014*** 0.0013*** 
COPD 0.0006 0.0003 0.0006 0.0003 

Hypertension -0.0004 -0.0004 -0.0001 -0.0002 
Diabetes Type 1 -0.0025 -0.0004 -0.0022 -0.0002 
Diabetes Type 2 -0.0004 -0.0002 -0.0003 -0.0001 

Albumin -0.0014** -0.0006*** -0.0014** -0.0006*** 
Perip. Vasc. 0.0025 0.0010 0.0033 0.0014 
Exh. Perip. -0.0001 0.0002 0.0001 0.0003 
Exh. Perit. 0.0009 -0.0006 0.0009 -0.0006 

College Education -0.0005 -0.0001 -0.0005 -0.0001 
HPV -0.0007 0.0004 -0.0005 0.0002 
HBV 0.0002 0.0005 0.0006 0.0007 

Prev. Tx. 0.0026** 0.0027** 0.0028** 0.0028*** 
Age 0.0000 0.0000*** 0.0000 0.0000*** 
HCV 0.0031** 0.0028*** 0.0033*** 0.0028*** 

Initial PRA 0.0001*** 0.0001*** 0.0001*** 0.0001*** 
Cold Ischemic Time 0.0839*** 0.0845*** 0.0840*** 0.0845*** 
(Cold Isc. Time)^2 -0.0011*** -0.0011*** -0.0011*** -0.0011*** 

Wait Time 0.0001*** 0.0001*** 0.0000*** 0.0000*** 
# on Center Waiting List -0.0001*** -0.0000 -0.0000*** -0.0000 

Center Fixed Effects N Y N Y 
Mnth/Yr Fixed Effects N N Y Y 

R2 0.7654 0.7724 0.7660 0.7729 
(*indicates statistically significant at 90% level; **indicates statistically significant at 95% level; ***indicates statistically significant at 99% level) 
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Table 5: Estimation results for Model 1. There are a total of 5,298,155 observations. The errors are clustered at the transplant center level. All 
regressions contain the following controls: patient diagnosis code, patient ethnicity, donor death circumstances, blood mismatches, patient 
functional status, previous pregnancies, patient gender, patient age, patient BMI, dialysis indicator, COPD indicator, hypertension indicator, 
patient diabetes, patient albumin levels, patient vascular capacity, patient education, patient HBV status, number of previous transplants, PRA 
levels at listing, cold ischemic time, patient waiting time and center’s current waiting list. 

CMS CoP : Patient Graft Survival 
Variable (1) (2) (3) (4) 
KDPId -0.01651*** -0.01106*** -0.01685*** -0.01137*** 
Postt -0.00163*** -0.00286*** 0.00443 -0.00799** 
Trigtc 0.00169 -0.00011 0.00176 0.00004 

(Postt)( Trigtc) -0.00197 -0.00025 -0.00212 -0.00031 
Center Fixed Effects N Y N Y 

Mnth/Yr Fixed Effects N N Y Y 
R2 0.7654 0.7724 0.7660 0.7729 

CMS CoP : Patient Survival 
KDPId -0.01652*** -0.01106*** -0.01686*** -0.01137*** 
Postt -0.00170*** -0.00289*** 0.00430 -0.00803** 
Trigtc -0.00078 -0.00188 -0.00130 -0.00224* 

(Postt)( Trigtc) -0.00200 0.00015 -0.00052 0.00095 
Center Fixed Effects N Y N Y 

Mnth/Yr Fixed Effects N N Y Y 
R2 0.7654 0.7724 0.7660 0.7729 

(*indicates statistically significant at 90% level; **indicates statistically significant at 95% level; ***indicates statistically significant at 99% level) 
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Table 6: Estimation results for Model 2. There are a total of 5,298,155 observations. The errors are clustered at the transplant center level. All 
regressions contain the following controls: patient diagnosis code, patient ethnicity, donor death circumstances, blood mismatches, patient 
functional status, previous pregnancies, patient gender, patient age, patient BMI, dialysis indicator, COPD indicator, hypertension indicator, 
patient diabetes, patient albumin levels, patient vascular capacity, patient education, patient HBV status, number of previous transplants, PRA 
levels at listing, cold ischemic time, patient waiting time and center’s current waiting list. 

KDPI Model 
Variable (1) (2) (3) (4) 
KDPId -0.02542*** -0.02415*** -0.02598*** -0.02461*** 

(KDPId >0.5) -0.00366*** -0.00886*** -0.00364*** -0.00866*** 
( KDPId) (KDPId >0.5) 0.01075*** 0.01962*** 0.01073*** 0.01931*** 
Center Fixed Effects N Y N Y 

Mnth/Yr Fixed Effects N N Y Y 
R2 0.7654 0.7725 0.7661 0.7730 

(*indicates statistically significant at 90% level; **indicates statistically significant at 95% level; ***indicates statistically significant at 99% level) 
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Table 7: Model 3 results. There are a total of 5,298,155 observations. The errors are clustered at the transplant center level. All regressions contain 
the following controls: patient diagnosis code, patient ethnicity, donor death circumstances, blood mismatches, patient functional status, previous 
pregnancies, patient gender, patient age, patient BMI, dialysis indicator, COPD indicator, hypertension indicator, patient diabetes, patient albumin 
levels, patient vascular capacity, patient education, patient HBV status, number of previous transplants, PRA levels at listing, cold ischemic time, 
patient waiting time and center’s current waiting list. 

CMS CoP : Patient Graft Survival 
Variable (1) (2) (3) (4) 
KDPId -0.01822*** -0.01088*** -0.01851*** -0.01190*** 

(KDPId >0.5) -0.00182*** -0.00247*** -0.00175** -0.00240*** 
Postt -0.00469*** -0.00526*** 0.00140 -0.01046*** 
Trigtc 0.00288 0.00133 0.00303 0.00139 

(KDPId >0.5)(Postt) 0.00428*** 0.00334*** 0.00416*** 0.00325*** 
(KDPId >0.5)(Trigtc) -0.00180 -0.00215 -0.00191 -0.00212 

(Postt)( Trigtc) -0.00248 -0.00166 -0.00285 -0.00177 
(KPRId >0.5)(Postt)( Trigtc) 0.00083 0.00218 0.00114 0.00223 

Center Fixed Effects N Y N Y 
Mnth/Yr Fixed Effects N N Y Y 

R2 0.7654 0.7725 0.7661 0.7730 
CMS CoP : Patient Survival 

KDPId -0.01825*** -0.01090*** -0.01853*** -0.01121*** 
(KDPId >0.5) -0.00178*** -0.00245*** -0.00173** -0.00237*** 

Postt -0.00479*** -0.00537*** 0.00121 -0.01059*** 
Trigtc 0.00226 0.00113 0.00175 0.00085 

(KDPId >0.5)(Postt) 0.00433*** 0.00347*** 0.00423*** 0.00338*** 
(KDPId >0.5)(Trigtc) -0.00457 -0.00446 -0.00459 -0.00459* 

(Postt)( Trigtc) 0.00009 0.00218 0.00140 0.00282 
(KPRId >0.5)(Postt)( Trigtc) -0.00292 -0.00284 -0.00268 -0.00262 

Center Fixed Effects N Y N Y 
Mnth/Yr Fixed Effects N N Y Y 

R2 0.7654 0.7725 0.7661 0.7730 
(*indicates statistically significant at 90% level; **indicates statistically significant at 95% level; ***indicates statistically significant at 99% level) 
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Table 8a: Model 4 results. There are a total of 5,298,155 observations. The errors are clustered at the transplant center level. CMS CoP for Patient 
Graft Survival. All regressions contain the following controls: patient diagnosis code, patient ethnicity, donor death circumstances, blood 
mismatches, patient functional status, previous pregnancies, patient gender, patient age, patient BMI, dialysis indicator, COPD indicator, 
hypertension indicator, patient diabetes, patient albumin levels, patient vascular capacity, patient education, patient HBV status, number of 
previous transplants, PRA levels at listing, cold ischemic time, patient waiting time and center’s current waiting list. 

CMS CoP : Patient Graft Survival 
Variable (1) (2) (3) (4) 

KDPId -0.05454*** -0.05042*** -0.05408*** -0.05024*** 
(KDPId >0.5) -0.00929*** -0.01457*** -0.00969*** -0.01516*** 

Postt -0.01705*** -0.01657*** -0.01073*** -0.02220*** 
Trigtc 0.00430 0.00321 0.00422 0.00317 

(KDPId)(KDPId >0.5) 0.03157*** 0.03943*** 0.03182*** 0.04008*** 
(KDPId)(Postt) 0.04036*** 0.03651*** 0.03951*** 0.03625*** 
(KDPId)(Trigtc) -0.00493 -0.00655 -0.00409 -0.00604 

(KDPId >0.5)(Postt) 0.00652*** 0.00726*** 0.00752*** 0.00870*** 
(KDPId >0.5)(Trigtc) 0.00009 -0.00397 0.00079 -0.00322 

(Postt)( Trigtc) -0.00321 -0.00216 -0.00268 -0.00162 
(KDPId)(KDPId >0.5)(Postt) -0.02748*** -0.02706*** -0.02849*** -0.02897*** 
(KDPId)(KDPId >0.5)(Trigtc) 0.00075 0.00649 -0.00082 0.00522 

(KDPId)(Trigtc)(Postt) 0.00258 0.00187 -0.00056 -0.00051 
(KDPId >0.5)(Trigtc)(Postt) 0.00447 0.00507 0.00254 0.00308 

(KDPId)(KDPId >0.5)(Postt)( Trigtc) -0.00633 -0.00494 -0.00152 -0.00082 
Center Fixed Effects N Y N Y 

Mnth/Yr Fixed Effects N N Y Y 
R2 0.7656 0.7727 0.7663 0.7731 

(*indicates statistically significant at 90% level; **indicates statistically significant at 95% level; ***indicates statistically significant at 99% level) 
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Table 8b: Model 4 results. There are a total of 5,298,155 observations. The errors are clustered at the transplant center level. CMS CoP for Total 
Patient Survival. All regressions contain the following controls: patient diagnosis code, patient ethnicity, donor death circumstances, blood 
mismatches, patient functional status, previous pregnancies, patient gender, patient age, patient BMI, dialysis indicator, COPD indicator, 
hypertension indicator, patient diabetes, patient albumin levels, patient vascular capacity, patient education, patient HBV status, number of 
previous transplants, PRA levels at listing, cold ischemic time, patient waiting time and center’s current waiting list. 

CMS CoP : Total Patient Survival 
Variable (1) (2) (3) (4) 

KDPId -0.05398*** -0.04974*** -0.05353*** -0.04956*** 
(KDPId >0.5) -0.00912*** -0.01448*** -0.00951*** -0.01505*** 

Postt -0.01711*** -0.01655*** -0.01081*** -0.02218*** 
Trigtc 0.00981 0.01085 0.00857 0.00985 

(KDPId)(KDPId >0.5) 0.03105*** 0.03892*** 0.03127*** 0.03956*** 
(KDPId)(Postt) 0.04024*** 0.03611*** 0.03928*** 0.03579*** 
(KDPId)(Trigtc) -0.02618 -0.03368 -0.02376 -0.03127 

(KDPId >0.5)(Postt) 0.00691*** 0.00751*** 0.00778*** 0.00885*** 
(KDPId >0.5)(Trigtc) -0.00376 -0.00917 -0.00323 -0.00848 

(Postt)( Trigtc) 0.00210 0.00194 0.00418 0.00345 
(KDPId)(KDPId >0.5)(Postt) -0.02784*** -0.02697*** -0.02860*** -0.02871*** 
(KDPId)(KDPId >0.5)(Trigtc) 0.01540 0.02719 0.01321 0.02467 

(KDPId)(Trigtc)(Postt) -0.00641 0.00122 -0.00893 -0.00173 
(KDPId >0.5)(Trigtc)(Postt) -0.11177 -0.00592 -0.01072 -0.00608 

(KDPId)(KDPId >0.5)(Postt)( Trigtc) 0.01455 0.00313 0.01578 0.00539 
Center Fixed Effects N Y N Y 

Mnth/Yr Fixed Effects N N Y Y 
R2 0.7656 0.7727 0.7663 0.7732 

(*indicates statistically significant at 90% level; **indicates statistically significant at 95% level; ***indicates statistically significant at 99% level) 
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Table 9: Model 1 results broken down by triggers. The model specifications are: (1) The first CMS CoP trigger, Observed-Expected>3; (2) the 
second CMS CoP trigger, Observed/Expected>1.5; (3) Triggers 1 and 2; (4) Triggers 1 and 3, p-value less than 0.05; (5) Triggers 2 and 3. All 
regressions contain the following controls: patient diagnosis code, patient ethnicity, donor death circumstances, blood mismatches, patient 
functional status, previous pregnancies, patient gender, patient age, patient BMI, dialysis indicator, COPD indicator, hypertension indicator, 
patient diabetes, patient albumin levels, patient vascular capacity, patient education, patient HBV status, number of previous transplants, PRA 
levels at listing, cold ischemic time, patient waiting time and center’s current waiting list. 

CMS CoP : Patient Graft Survival 
Variable (1) (2) (3) (4) (5) (6) 
KDPId -0.01137*** -0.01137*** -0.01137*** -0.01137*** -0.01137*** -0.01137*** 
Postt -0.00798** -0.00799** -0.00799** -0.00799** -0.00806** -0.00799** 
Trigtc 0.00008 0.00018 0.00012 -0.00010 -0.00088 -0.00004 

(Postt)( Trigtc) -0.00027 -0.00005 -0.00015 -0.00022 0.00062 -0.00031 
Center FE Y Y Y Y Y Y 

Mnth/Yr FE Y Y Y Y Y Y 
R2 0.7729 0.7729 0.7729 0.7729 0.7729 0.7729 

CMS CoP : Total Patient Survival 
Variable (1) (2) (3) (4) (5) (6) 
KDPId -0.01137*** -0.01137*** -0.01137*** -0.01137*** -0.01137*** -0.01137*** 
Postt -0.00816** -0.00807** -0.00807** -0.00803** -0.00802** -0.00803** 
Trigtc -0.00128 -0.00202* -0.00260* -0.00218* -0.00199 -0.00224* 

(Postt)( Trigtc) 0.00314** 0.00121 0.00188 0.00096 0.00070 0.00095 
Center FE Y Y Y Y Y Y 

Mnth/Yr FE Y Y Y Y Y Y 
R2 0.7729 0.7729 0.7729 0.7729 0.7729 0.7729 

 
 
 
 
 
 


