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Abstract

In 2007, Medicare introduced risk-adjusted death rates to identify poor-performing

kidney transplant centers. Why is risk adjustment necessary? To answer this ques-

tion, I develop a two-period model of transplant center decisions with risk-adjusted

performance. I find that centers decline high-risk transplants in the absence of risk

adjustment. Furthermore, I show how prediction error, performance threshold, and

center size can undermine the benefits of risk adjustment. The policy implications

suggest that future designs of the risk-adjustment model should account for selection

bias from using the survival outcomes of transplanted patients as the training set.
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1 Introduction

Performance scores are ubiquitous in the healthcare industry. They are used to evaluate

the quality of care provided by hospitals (Dranove et al., 2003; Vatter, 2023), dialysis cen-

ters (Ramanarayanan, 2011) and transplant centers(Ng, 2023). Built within each of these

performance score model is an element of risk adjustment. Risk adjustment is necessary to

promote fair and accurate comparison of health outcomes across measured entities.

In this paper, I ask what is the purpose of risk adjustment in performance scores and how

does it interact with different elements in the model. I focus on the 2007 reform by Medicare

to introduce risk-adjusted death rates to identify poor-performing kidney transplant centers.

I develop a two period model of transplant center decisions with risk-adjusted performance.

I find that risk adjustment is necessary to incentivize transplant centers to accept high-risk

transplants. However, prediction error, performance threshold and center size can undermine

the benefits of risk adjustment. The policy implications suggest that future designs of the

risk-adjustment model should account for selection bias from using the survival outcomes of

transplanted patients as the training set.

The paper is organized as follows. Section 2 provides background information on the

2007 reform by Medicare. Section 3 presents the model. Section 4 presents the solutions of

the model. Section 5 discusses the purpose of risk adjustment and the comparative statics

of the model. Section 6 concludes.
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2 Background and Institutional Setting

2.1 Conditions of Participation (CoP)

Before July 2007, the Organ Procurement and Transplant Network (OPTN) was the primary

organization responsible for monitoring a transplant center’s number of post-transplant sur-

vivals(Stith and Hirth, 2016). CMS became concerned that the lack of severe penalties for

poor performance may have led to a decline in the quality of kidney transplants. As stated

in the Final Rule establishing the increase in CMS oversight:

“ The OPTN generally takes a collegial approach and assists the center in im-

proving their performance, while we generally take a regulatory approach which

sometimes may lead to termination ...” (CMS, 2007)

CMS introduced CoP in May 2007 to provide a foundation for improving quality and

protecting the health and safety of transplanted patients(CMS, 2007). Transplant centers

submit the 1-year post transplant outcomes to the Scientific Registry of Transplant Recipi-

ents (SRTR) on the first week of every January and July.

SRTR measures a center’s performance by calculating the observed-expected (OE) 1-

year death ratio. SRTR calculates expected deaths (E) by estimating a Cox regression

model (Cox, 1972) using all the transplanted patients submitted by each transplant center.

The model uses an extensive patient, donor, and match charactertistics1. Medicare flags a

transplant centers for poor performance if the OE ratio exceeds the threshold, 1.5 (CMS,

2007)2.

OE ratio =
Observed Deaths 1-year post transplant

Expected Deaths 1-year post transplant
1Some examples include age, race, diabetic status, donor cause of death, human leckocyte antigen (HLA)

mismatch, and cold ischemia time.
2Transplant centers that exceed the threshold are required to implement a data-drive quality assessment

and performance improvement (QAPI) system. If the center is flagged again within the next 30 months, it
risks losing its program certification and Medicare funding.
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2.2 Transplant Centers

When a patient suffers from kidney failure, they register with a transplant center. After the

centers upload the patient’s medical history to OPTN, the patient joins the waitlist for a

deceased donor.

When a deceased donor becomes available, the OPTN algorithm identifies patients bio-

logically compatible with the kidney. The transplant centers will be the first to receive any

notification about incoming kidney offers for their patients. They have 1 hour to accept or

decline the kidney offer on behalf of their patients(OPTN, 2023)3.

3 Model

My model has two periods, indexed by t = {1, 2}. Denote OEct as the OE ratio of center c

at time t.

Period 1 Stage 1:

Center c observes the components of its OE ratio, Oc1 observed deaths of all transplanted

patients in center c, and Ec1 expected deaths of all transplanted patients in center c. The

OE ratio of center c is OEc1 = Oc1

Ec1

Period 1 Stage 2:

A patient-kidney pair arrives at the center4. The center observes the risk profile Ri ∈ R+

of the incoming patient-kidney pair i5. The center decides whether to accept or decline

the patient-kidney pair i. If the center accepts, it proceeds with the transplant operation

3Due to the time constraint, patients are rarely informed of their kidney offer and rely on transplant
center to make the decision for them (Husain et al., 2019; King et al., 2023)

4Here, I abstract from the fact that when transplant centers decline a patient-kidney pair, the patient
returns to the waitlist, and the kidney is passed on to the next patient on the match run.

5Here, I abstract from the fact that calculating risk profile is a complicated issue, governed by both
patient and kidney characteristics. I simplify it to a scalar.
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and receives a fixed payment, M > 0, from Medicare. If the center declines, it receives no

payment.

Period 2

The center observes the outcomes of the transplant operation and submits its latest OEc2

ratio to Medicare for evaluation. If OEc2 exceeds the threshold k > 0 set by Medicare, the

center receives a fine, F > 0, from Medicare6. Else, the center receives no fine. Hence, the

center’s value function in period 2 is given by

V2(Oc2, Ec2) =


−F if Oc2

Ec2
≥ k

0 if Oc2

Ec2
< k

(1)

Next, I assume there exists a function that maps from patient-kidney pair risk profile

into a probability of death. I denote this function as Pd : R+ → (0, 1). I assume it is

strictly increasing, and only the transplant center observes Pd(Ri). On the other hand,

Medicare does not observe the actual probability of death. It relies on the set of transplants

selected and submitted by centers to estimate its risk model. Thus, I denote Medicare’s

estimated probability of death as P̂d : R+ → (0, 1). For simplicity, I assume Medicare’s

model underestimates the actual probability of death by a constant ε ∈ (0, 1) for every

patient-kidney pair’s risk profile Ri. Thus, we have:

ε = Pd(Ri)− P̂d(Ri) (2)

6In reality, Medicare sets k = 1.5.

5



Finally, center c’s value function in period 1 is given by:

V1(Oc1, Ec1, Ri) = max



Value of Accepting Transplant︷ ︸︸ ︷
M + β

Pd(Ri)V2(Oc1 + 1, Ec1 + P̂d(Ri))︸ ︷︷ ︸
Value of Failed Transplant

+(1− Pd(Ri)) V2(Oc1, Ec1 + P̂d(Ri))︸ ︷︷ ︸
Value of Successful Transplant


, βV2(Oc1, Ec1)︸ ︷︷ ︸
Value of Declining Transplant


(3)

where β ∈ (0, 1) is the discount factor.

4 Solving the model

Before solving the model, I assume:

M < βF (4)

This assumption ensures that the fine, F , is sufficiently large such that the center has

incentives to reject the patient-kidney pair if it is likely to worsen its OE ratio. To solve the

model, we consider the following cases in period 1:

• Case 1: Oc1

Ec1
≥ k

• Case 2: Oc1

Ec1
< k

Case 1: Oc1

Ec1
≥ k

In this case, the center always accept a patient-kidney pair since it cannot be worse off. The

center will receive a F fine in period 2 for declining. By accepting, it gets the fixed payment

M in period 1 and the possibility of improving its OE ratio in period 2 if the transplanted

patient’s outcome is successful.
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Case 2.1: Oc1

Ec1
< k and Oc1+1

Ec1+P̂d(Ri)
≥ k

In this case, the center risks crossing the threshold k in period 2 if the transplant patient’s

outcome is unsuccessful. The center will only accept the patient-kidney pair if the value

of accepting is greater than that of declining. This is true if the patient-kidney pair has

sufficiently low risk:

Pd(Ri) <
M

βF
⇔ Ri < P−1

d

(
M

βF

)
(5)

Conversely, the center will decline the patient-kidney pair if:

Pd(Ri) ∈
[
M

βF
,
Oc1

k
− Ec1 +

1

k
+ ε

)
⇔ Ri ∈

[
P−1
d

(
M

βF

)
, P−1

d

(
Oc1

k
− Ec1 +

1

k
+ ε

))
(6)

Case 2.2: Oc1

Ec1
< k and Oc1+1

Ec1+P̂d(Ri)
< k

Regardless of the transplant outcome, the center will always have OEc2 < k. Thus, it accepts

the patient-kidney pair, and the risk profile must satisfy:

Pd(Ri) >
Oc1

k
− Ec1 +

1

k
+ ε⇔ Ri > P−1

d

(
Oc1

k
− Ec1 +

1

k
+ ε

)
(7)

4.1 Policy Function

For brevity, I use the following notations:

γ1 = P−1
d

(
M

βF

)
γ2 = P−1

d

(
Oc1

k
− Ec1 +

1

k
+ ε

) (8)

I combine the three cases discussed before, and the policy function of center c at period
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1 is given by:

a1(Oc1, Ec1, Ri) =


accept if Oc1

Ec1
≥ k and ∀Ri

decline if Oc1

Ec1
< k and Ri ∈ [γ1, γ2]

accept if Oc1

Ec1
< k and Ri ∈ [0, γ1) ∪ (γ2,∞)

(9)

In the remainder of my paper, I focus on cases when the OE ratio is below the threshold

k. For simplicity, I label γ1 as the cutoff rule for low-risk transplants and γ2 as the cutoff

rule for high-risk transplants. I present the policy function in Figure 1:

Ri0 γ1 γ2

Accept
Decline

Accept

Figure 1: Policy Function when Oc1

Ec1
< k

5 Why implement risk adjustment?

Before I proceed to the comparative statics of my model, I first show what is the value of

risk adjustment. I follow this up with a discussion to show how different elements, such as

prediction error ε, performance threshold k, and center size, can undermine the benefits of

risk adjustment.

As a baseline, I explore the counterfactual scenario where Medicare only examines the

proportion of unsuccessful transplant outcomes to determine a center’s punishment in period

2. The setup is similar to Section 3. I replace Ec1, expected deaths with Nc1, total transplants

performed by center c in period 1. Medicare punishes centers if the proportion of unsuccessful

transplants exceeds the threshold k. The center’s value function in periods 1 and 2 is given
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by:

V1(Oc1, Nc1, Ri) = max



Value of Accepting Transplant︷ ︸︸ ︷
M + β

Pd(Ri)V2(Oc1 + 1, Nc1 + 1)︸ ︷︷ ︸
Value of Failed Transplant

+(1− Pd(Ri)) V2(Oc1, Nc1 + 1)︸ ︷︷ ︸
Value of Successful Transplant


, βV2(Oc1, Nc1)︸ ︷︷ ︸
Value of Declining Transplant


(10)

V2(Oc2, Nc2) =


−F if Oc2

Nc2
≥ k

0 if Oc2

Nc2
< k

(11)

In this case, the center’s policy function is:

a1(Oc1, Nc1, Ri) =


accept if Oc1

Nc1
≥ k and ∀Ri

decline if Oc1

Nc1
< k and Ri ∈ [γ1,∞]

accept if Oc1

Nc1
< k and Ri ∈ [0, γ1)

(12)

where γ1 = P−1
d

(
M
βF

)
. I focus on cases where the proportion of unsuccessful transplants is

below the threshold k. The policy function is given in Figure 2.

Ri0 γ1

Accept
Decline

Figure 2: Policy Function when Oc1

Nc1
< k

Comparing Figure 1 and Figure 2, the region (γ2,∞) is absent in Figure 2. This region is

where centers decline high-risk transplants without risk adjustment. Thus, risk adjustment

lowers opportunity costs and incentivizes centers to accept high-risk transplants.

Next, I present some comparative statics of my model. From equation 8, different pa-

rameters determine the cutoff rules for low-risk and high-risk transplants. I discuss each of
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them in the following subsections.

5.1 Payments M and Fines F

As F increases, centers are less likely to accept low-risk transplants. Conversely, as M

increases, centers are more likely to accept low-risk transplants. Surprisingly, payments and

fines only affect the demand for low-risk transplants and not high-risk transplants.

I interpret this result as risk adjustment increasing the opportunity cost of accepting low-

risk transplants. Low-risk transplants have a low probability of death, but when they fail,

they hurt the OE ratio badly. Payments(fines) have to be sufficiently high(low) to offset the

higher opportunity cost of accepting low-risk transplants in the presence of risk adjustment.

5.2 Prediction error ε

As ε increases, centers are less likely to accept a high-risk transplant. This result is intuitive.

A higher prediction error means that the center’s OE ratio is more likely to exceed threshold

k if the transplant fails. Thus, centers are more cautious in accepting high-risk transplants.

Looking at Figure 1, we see that as ε increases, the region (γ2,∞) shrinks. This anal-

ysis highlights the importance of accurate risk adjustment. A higher prediction error can

lead to centers declining high-risk transplants, undermining the benefits of introducing risk

adjustment.

Under CoP, Medicare estimates the risk-adjustment model using the set of transplanted

patients submitted by centers. This approach will likely introduce selection bias and under-

estimate the probability of death. This provides a clear policy implication that Medicare

should address the concern of selection bias in its risk-adjustment model.

10



5.3 Threshold k

As k increases, centers are more likely to accept high-risk transplants. This result is consis-

tent with the intuition that a higher threshold means that centers are more willing to accept

high-risk transplants.

Looking at Figure 1, we see that as k increases, the region (γ2,∞) expands. This analysis

highlights the importance of setting the threshold k appropriately. In hindsight, Medicare’s

decision to set k = 1.5 has its merits. If the threshold is too low (i.e., k = 1), transplant

centers will not want to accept high-risk transplants, undermining the purpose of risk ad-

justment. Conversely, if the threshold is too high, it undermines the purpose of monitoring

center performance.

5.4 Transplant center size, Ec1

Ec1 is the expected death rate of transplanted patients in center c in period 1. I use this

variable as a proxy for the size of the transplant center. As the center performs more

transplants, Ec1 will increase.

Looking at Figure 1, as Ec1 increases, the region (γ2,∞) expands. Larger transplant

centers are more likely to accept high-risk transplants. This result is consistent with the

intuition that OE ratios are noisy estimates of a center’s performance. A larger center’s OE

estimate thus has a lower standard error, making it less susceptible to fluctuations in its OE

ratio.

6 Conclusion

This paper evaluates the purpose of risk-adjusted performance scores in deceased donor

kidney transplant settings by studying a 2007 reform by Medicare. I find that risk adjust-

ment is necessary to incentivize transplant centers to accept high-risk transplants. However,

prediction error, performance threshold, and center size can undermine the benefits of risk
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adjustment. The policy implications suggest that future designs of the risk-adjustment model

should account for selection bias from using the survival outcomes of transplanted patients

as the training set.

This paper focuses on who gets transplanted under risk adjustment. Future research

should focus on how risk adjustment affects untransplanted patients-kidney pairs (i.e. (γ1, γ2)

region in Figure 1). Do the patients die on the waiting list or get a kidney at a later date?

Are the declined kidneys eventually transplanted or discarded? These questions are crucial

in understanding the welfare effects of risk adjustment in kidney transplant markets.
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