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Abstract

OBJECTIVES: To examine the magnitude and sources of inpatient cost variation for kidney 

transplantation.

METHODS: We used the 2005-2009 Nationwide Inpatient Sample to identify patients who 

underwent kidney transplantation. We first calculated the patient level cost of each transplantation 

admission and then aggregated costs to the hospital level. We fit hierarchical linear regression 

models to identify sources of cost variation and to estimate how much unexplained variation 

remained after adjusting for case-mix variables commonly found in administrative datasets.

RESULTS: We identified 8,866 living donor (LDRT) and 5,589 deceased donor (DDRT) kidney 

transplantations. We found that higher costs were associated with the presence of complications 

(LDRT 14%, p<0.001; DDRT 24%, p<0.001), plasmapheresis (LDRT 27%, p<0.001; DDRT 27%, 

p<0.001), dialysis (LDRT 4%, p<0.001) and prolonged length of stay (LDRT 84%%, p<0.001; 

DDRT 82%, p<0.001). Even after case-mix adjustment, a considerable amount of unexplained cost 

variation remained between transplant centers (DDRT 52%, LDRT 66%).

CONCLUSIONS: While significant inpatient cost variation is present across transplant centers, 

much of the cost variation for kidney transplantation is not explained by commonly used risk-
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adjustment variables in administrative datasets. These findings suggest that while there is an 

opportunity to achieve savings through payment reforms for kidney transplantation, policymakers 

should seek alternative sources of information (e.g., clinical registry data) to delineate sources of 

warranted and unwarranted cost variation.
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INTRODUCTION

In 2011, ESRD expenditures reached $30 billion and 62% of these costs were paid by the 

Medicare program.1 In order to curtail the costs of treating ESRD, the Centers for Medicare 

& Medicaid Services (CMS) implemented a bundled payment for dialysis and recently 

established the Comprehensive ESRD Care Model. While current ESRD payment reforms 

are focused on dialysis, they may eventually expand to kidney transplantation as part of 

rapidly expanding value-based initiatives at CMS. The goal of most payment reforms is to 

reduce the use of extraneous resources that lead to high costs. In other words, payers are 

interested in reducing unwarranted cost variation among hospitals.

However, there are two important reasons why designing a fair value-based payment model 

for kidney transplantation is challenging. First, while the objective of payment reform is to 

reduce unwarranted cost variation, some patients may have higher costs for reasons that are 

completely warranted. For example, patients undergoing kidney transplantation often require 

high rates of specialty consultation, advanced imaging, and laboratory testing during the 

initial hospitalization.2-6 Moreover, transplant centers vary in their use of expensive (but 

effective) medical procedures such as desensitization and dual kidney transplantation.5-8 

While the aforementioned factors are expected to raise the cost of transplantation at some 

centers, the resulting cost variation is warranted because it reflects case complexity. Second, 

it is largely unclear whether standard risk-adjustment methods (i.e., using variables in an 

administrative database) can adequately capture complex clinical factors that lead to higher 

costs for kidney transplantation. An understanding of the magnitude of inpatient cost 

variation and potential sources (warranted vs unwarranted) is crucial to design new and fair 

payment models for kidney transplantation.

In this context, we used an administrative dataset (and common case-mix variables used by 

payers) to examine the magnitude and sources of inpatient cost variation across transplant 

centers. We also assessed the magnitude of cost variation that remains unexplained after 

accounting for case-mix.

METHODS

Dataset

Our primary dataset was the 2005-2009 Nationwide Inpatient Sample (NIS) linked to the 

American Hospital Association (AHA) annual survey. The NIS dataset is maintained by the 

Agency for Healthcare Research and Quality and is part of the Healthcare Cost and 
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Utilization Project (HCUP). For each year of the NIS, data on all discharges is available 

from a 20% sample of approximately 5,000 hospitals in 44 states.

Cohort identification

Using International Classification of Disease, Clinical Modification (ICD-9-CM) procedure 

codes, we identified all index hospitalizations for adult (>18 years old) kidney transplant 

recipients. These hospitalization episodes included the recipient’s kidney transplant 

procedure (ICD-9-CM 55.6 and 55.69) and post-transplant medical and surgical care within 

that admission. We classified the transplants as living donor renal transplant (LDRT) (00.91 

and 00.92), deceased donor renal transplant (DDRT) (00.93) or missing (5.2%). To ensure 

that we properly extracted all transplanted patients, we used sampling weights provided by 

HCUP and found that the national estimates from the NIS were similar to the number of 

transplants reported by the Scientific Registry of Transplant Recipients and the United States 

Renal Data System.1 We excluded patients who had concurrent liver (50.5X) or pancreas 

transplants (52.8X) at time of kidney transplantation (5.6%) and patients who did not have 

total charge or cost-to-charge ratios available (3.4%). To reduce the chance of using 

inaccurately recorded charges (i.e., charges that lacked face validity), we excluded the 

bottom 1% of charges. There was no systematic difference among hospitals where charges 

were dropped and those that had all charges available for analysis.

Calculation of costs

We calculated total hospitalization cost (THC) by first identifying the total charge reported 

for each recipient’s hospitalization (e.g, charges for room and board, ICU beds, laboratory 

services, imaging). Professional charges, deceased donor organ acquisition costs, costs 

associated with living donor nephrectomy, and charges after the index hospitalization were 

not included in this analysis.9,10 We multiplied the total charge by the hospital specific all-

payer inpatient cost-to-charge (APICC) ratio to arrive at total cost. If the APICC was 

missing (4.6%), we used the group average all-payer inpatient cost-to-charge (GAPICC) 

ratio. We performed several adjustments to the calculated costs. First, we adjusted all costs 

to 2005 dollars, in order to account for the secular growth in the cost of kidney transplant. 

Second, in order to control for geographic variation in input prices, we adjusted costs by the 

wage index.9 Finally, we log-transformed the cost variable and achieved a normal 

distribution.

Identification of patient and hospital characteristics

We identified patient characteristics (i.e., recipient age, recipient race, primary payer, 

recipient gender, median household income of residents from the patient’s zip code, length 

of stay) using variables directly available in the NIS. Missing data for these variables ranged 

from 0 to 2.45%, except for race (20.6% missing). For the race variable, we created a 

“missing data” category. We used ICD-9-CM diagnosis codes to calculate comorbidity using 

categories described by Elixhauser et al. and grouped patients into one of 4 categories (0, 1, 

2, 3 or more comorbidities).11 We also created dummy variables for patients who had 

therapeutic plasmapheresis (ICD-9-CM 99.71) and/or inpatient hemodialysis (ICD-9-CM 

39.95).
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Using ICD-9-CM codes and previously described complication schemes we identified 

whether a major complication occurred during the hospitalization.12,13 Major complications 

categories included: surgical site infection, sepsis, wound disruption, pulmonary embolism 

and/or deep vein thrombosis, stroke, myocardial infarction, cardiac arrest, pneumonia, 

prolonged ventilator use, other infections and genitourinary complications (Appendix Table 

1).

Using variables directly from the NIS/AHA, we identified hospital characteristics (teaching 

status (teaching/nonteaching), bed size (small is <100 beds, medium is 100-299 beds, and 

large is >299 beds), location (urban, rural), region (south, northwest, east, midwest). Missing 

hospital variables ranged from 0% to 0.7%. Average annual hospital volume (low, medium, 

high) was calculated with the assumption that hospitals that were not included in the NIS 

sample for a particular year had similar volumes during missing and available years. To 

account for patient complexity arising from prolonged waiting time for kidney transplant, 

we included a variable for median time to wait for transplant. This statewide variable was 

available from the Scientific Registry for Transplant Recipients.14

Assessing total cost variation

Total cost variation was defined as the inter-hospital difference in total hospital costs (THC), 

which include all inpatient costs attributable to a kidney transplant recipient’s admission to 

the hospital, transplant operation, and post-operative care. Donor costs were not included. 

For our multivariable analysis, we fit hierarchical linear regression models (HLMs). We used 

the HLMs for several reasons. First, HLMs account for the clustering of patients within 

hospitals. Second, HLMs enable us to perform a reliability adjustment.5,18-20 Reliability 

adjustment is important because hospitals with a small number of transplants may have 

misclassified costs (i.e., skewed costs). Finally, HLMs allow us to estimate the magnitude of 

residual cost variation after risk and reliability-adjustment using interclass correlation 

coefficient. Separate HLM models were fit for LDRT and DDRT episodes, based on the 

assumption that these respective groups had inherent differences 3,4,6,15-17. Our primary 

outcome was adjusted log-transformed THC.

For the HLMs, we selected independent variables based on a combination of the literature, 

expert opinion, and backwards elimination (significance set at p<0.05). We included both 

patient-level categorical variables (age, race, gender, comorbidity, median income of ZIP 

code of residence, primary payer, presence of a complication, length of stay, use of inpatient 

dialysis and use of plasmapheresis) and hospital characteristics (teaching status, bed size, 

location, region, annual hospital transplant volume, regional wait time for transplant). We 

performed a pairwise correlation between the cost of living donor renal transplants and 

deceased donor renal transplants for each hospital. We then ranked hospitals by cost quartile 

(very low, low, high, very high) and performed comparisons of patient and hospital 

characteristics between very low and very high cost hospitals.

Sensitivity and outlier analysis

As a sensitivity analysis, we tested our model with and without the race variable because of 

the large amount of missing data in that category. Additionally, using univariate statistics we 
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compared patient characteristics of the most expensive five hospitals (i.e., outlier analysis) 

with patients from all other hospitals to ensure that outliers were not driving our results. 

Finally, because we expected length of stay and complications to substantially impact cost, 

we performed a second sensitivity analysis where we only studied cost variation in a cohort 

of patients who were discharged from the hospital in less than five days and had no 

complications.

We used STATA version 13 for all statistical analyses and statistical significance was set at p 

< 0.05. This study was deemed exempt from review by the University of Michigan 

Institutional Research Board.

RESULTS

Descriptive analysis

From 2005-2009, there were 70,027 kidney transplants were performed in the United States. 

Of these transplants, 8,866 deceased donor renal transplants (DDRT) and 5,589 living donor 

renal transplants (LDRT) were included in our sample. At the patient level, the unadjusted 

cost of kidney transplant varied by donor type (DDRT median $44,893, range $15,674 to 

$533,097; LDRT median $37,133, range $15,544 to $312,986).

At the hospital level, inpatient costs varied approximately four-fold for both DDRT and 

LDRT. The adjusted mean cost of DDRT was $39,843 (median $39,740, range $22,782 to 

$89,442) and LDRT was $38,403 (median $39,029, range $21,907 to $79,772) (Figure 1). 

We found that hospital cost for living donor renal transplants and deceased donor renal 

transplants was strongly correlated (0.68, p<0.001) (i.e., high cost hospitals for DDRT were 

also high cost for DDRT).

Very low and very high cost hospitals were similar with respect to patient and hospital level 

characteristics (Supplementary Table 2 and 3). Additionally, we found no statistical 

difference between very low and very high cost hospitals with respect to the individual 

complications of surgical site infections, wound disruption, sepsis, pulmonary embolism 

and/or deep vein thrombosis, stroke, acute myocardial infarction, pneumonia, prolonged 

ventilation, general infections, and genitourinary specific complications (Supplementary 

Table 4).

Key predictors of high cost for kidney transplant

All predictor variables affected living donor renal transplants and deceased donor renal 

transplants in a similar fashion (Supplementary Figures 2 and 3). Among other factors, we 

found that statistically significant higher costs were associated with the presence of 

complications, inpatient plasmapheresis, inpatient dialysis, prolonged length of stay, and 

high hospital volume (Table 1). Importantly, after risk-adjustment using the variables 

available in the NIS, a significant portion of the total cost variation among hospitals 

remained unexplained (DDRT 52%, LDRT 66%).

Ellimoottil et al. Page 5

Urology. Author manuscript; available in PMC 2021 June 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sensitivity and outlier analyses

We found no substantial change in the point estimates for key predictor variables with and 

without the race category included in our model. Additionally, we only found minor 

differences between outliers and the remaining hospitals in our sample (Supplementary 

Table 5). When we studied a subgroup of patients who were discharged within five days and 

had no complications, we found that large portion of variation still remained unexplained 

(DDRT 75% LDRT 64%).

DISCUSSION

In this study, we found substantial variation in the total hospitalization cost for both living 

and deceased donor kidney transplants across transplant centers. Complications, the use of 

inpatient dialysis or plasmapheresis, length of stay, and high hospital volume were 

associated with higher costs. However, after adjusting for these and other patient and 

hospital characteristics, we found the majority of variation in total costs of inpatient kidney 

transplant care among hospitals still remained unexplained.

Unexplained cost variation may be the result of warranted or unwarranted differences in 

clinical management among transplant centers. For example, transplant centers vary in their 

patient complexity and their ability to perform advanced therapies within a kidney transplant 

admission episode. If expensive centers produce high quality care, their higher costs may be 

justified (i.e., warranted). For example, some aggressive transplant centers may utilize 

higher risk organs to get their patients transplanted. The utilization of kidneys likely to have 

delayed graft function, may lead to higher inpatient costs due to longer lengths of stay, but 

provide patients with excellent long term survival. In contrast to this warranted cost 

variation, unwarranted variation reflects differences in practice patterns that are not 

associated with improved outcomes. For example, the use of unnecessary or duplicative 

imaging and laboratory tests, higher cost immunosuppression for induction, prolonged 

length of stay for uncomplicated cases21,22 are sources of unwarranted cost variation. 

Unwarranted variation should be the target of payment reforms such as bundled payments. 

However, as our study revealed, administrative databases may not sufficiently delineate 

warranted and unwarranted sources of cost variation (i.e., >50% of the cost variation among 

centers was unexplained).

While this is the first study to investigate national hospital cost variation for kidney 

transplant using the NIS, investigators using Medicare claims and have shown that Medicare 

reimbursement varies considerably among hospitals. 5,24,25 For example, from 2003-2006, 

20% of total Medicare reimbursement for kidney transplant was due to outlier and 

readmission payments. Furthermore, hospitals that have low rates of risk-adjusted mortality 

tend to have lower Medicare payments and patients who develop complications such as 

sepsis and/or pneumonia after kidney transplant can increase Medicare payments by up to 

$48,400. 5,26,27 While from the perspective of Medicare, inpatient hospital cost variation 

does not directly matter because hospitals are paid by a single diagnosis related group 

payment, the primary advantage of studying inpatient costs is that it reflects differences in 

resource utilization of hospitals.
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The focus of this analysis was on kidney transplantation, which is a procedure that requires 

significant resource utilization, is common, and varies in practice across hospitals. Value-

based purchasing initiatives are a rapidly gaining traction. All urologists should be mindful 

of their implications, as these may become payment strategies for even more common 

urological procedures such nephrectomy, prostatectomy, and cystectomy. With growing 

support for cost-containment in health care spending and rewarding high quality lean care, it 

is imperative that surgeons take the lead in informing policymakers of the the benefits and 

risks of adopting these payment reforms, as well as identifying effective quality 

improvement strategies that reduce resource utilization without sacrificing quality.

Our study has several limitations. First, while our dataset provided us with general 

information on the magnitude and sources of cost variation, we cannot sufficiently answer 

whether the variation is warranted or unwarranted without more clinical data (e.g., from a 

clinical registry) and without information on processes of care within the transplant center. 

The latter information that can be elicited from interviews with department administrators 

and others involved in transplant billing at high and low cost transplant centers. A second 

limitation is that our dataset does not allow us to calculate costs beyond the initial 

hospitalization (e.g., costs of readmissions, post-acute care, physician services.) Therefore, a 

transplant center with low initial hospitalization costs and a high readmission rate would be 

classified as a low cost center in our study, even though their 30-day costs are high.

The significant cost variation identified in this study has several implications. The finding of 

cost variation may be the result of inefficiency (unwarranted variation) in the delivery of 

transplant or the need for better risk adjustment through a clinical registry (warranted 

variation). CMS is actively testing payment reforms such as bundled payments for many 

medical diagnoses and surgical procedures. Similar reforms may occur for kidney 

transplantation. The finding that much of the cost variation among transplant centers is 

unexplained should encourage CMS policymakers to use transplant-specific risk adjustment 

with a clinical registry such as the Scientific Registry of Transplant Recipient when 

designing a new payment model. A better understanding of cost variation is paramount to 

ensuring optimal patient access/outcomes and the long term viability of transplant programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Inpatient cost variation for kidney transplantation across transplant centers, deceased 
and living donor transplants, Nationwide Inpatient Sample, 2005-2009
Figure illustrates transplant center variation in average hospitalization costs for initial 

deceased donor and living donor kidney transplant admission with corresponding standard 

errors. Costs include all hospital expenses from day of hospital admission until discharge. 

Average cost estimates for each hospital have been risk and reliability-adjusted. Mean cost 

across all centers is represented by the black line (Deceased donor renal transplant $39,843, 

Living donor renal transplant $38,403).
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Table 1.

Association of total hospitalization cost and selected factors that predict increased cost, Nationwide Inpatient 

Sample, 2005-2009

Characteristics Living donor renal
transplant (n=5,568)

Deceased donor renal
transplant (n=8,757)

Estimate SE %
increase

p-
value*

Estimate SE %
increase

p-
value*

Any complication 0.131 0.012 14% <0.001 0.212 0.009 24% <0.001

Inpatient dialysis 0.042 0.010 4% <0.001 0.001 0.005 0% 0.79

Inpatient plasmapheresis 0.236 0.015 27% <0.001 0.240 0.020 27% <0.001

Length of stay quintiles <0.001

  4 or less days (reference) - - - - - - - -

  5 days 0.064 0.008 7% <0.001 0.100 0.008 10% <0.001

  6 days 0.134 0.009 14% <0.001 0.168 0.009 18% <0.001

  7 or 8 days 0.250 0.010 28% <0.001 0.275 0.009 32% <0.001

  More than 8 days 0.612 0.012 84% <0.001 0.601 0.009 82% <0.001

Hospital volume

  Low (reference) - - - - - - - -

  Medium 0.172 0.064 19% 0.008 0.175 0.055 19% 0.001

  High 0.182 0.067 20% 0.007 0.163 0.057 18% 0.004

*
Estimates are based on hierarchical linear regression models with primary outcome of log hospitalization cost. Estimates are adjusted for patient 

level (age, race, gender, comorbidity, median income, primary payer) and hospital level (bed size, location, region, teaching status, median time to 
transplant) variables. Percent increase was calculated by exponentiating estimates. After removing patients with missing data, 99.6% of living 
donor renal transplants and 98.7% of deceased donor renal transplants remained in the model.
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