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Variation in Cost and Quality in Kidney
Transplantation
Bishara A. Nassir, MD,1 Carl E. Dean, MD,2 Suying Li, PhD,3 Nicholas Salkowski, PhD,4 Craig A. Solid, PhD,4

Mark A. Schnitzler, PhD,5 Jon J. Snyder, PhD,4,6 S. Joseph Kim, MD, PhD,7 Bertram L. Kasiske, MD,1,4

Mark Linzer, MD,1 Ajay K. Israni, MD, MS1,4,6

Background.Bending the cost curve in medical expenses is a high national priority. The relationship between cost and kidney
allograft failure has not been fully investigated in the United States.Methods.Using Medicare claims from the United States Re-
nal Data System, we determined costs for all adults with Medicare coverage who underwent kidney transplant January 1, 2007, to
June 30, 2009. We compared relative cost (observed/expected payment) for year 1 after transplantation for all transplant centers,
adjusting for recipient, donor, and transplant characteristics, region, and local wage index. Using program-specific reports from the
Scientific Registry of Transplant Recipients, we correlated relative cost with observed/expected allograft failure between centers,
excluding small centers. Results. Among 19,603 transplants at 166 centers, mean observed cost per patient per center was
$65,366 (interquartile range, $55,094-$71,624). Mean relative cost was 0.99 (±0.20); mean observed/expected allograft failure
was 1.03 (±0.46). Overall, there was no correlation between relative cost and observed/expected allograft failure (r = 0.096,
P = 0.22). Comparing centers with higher than expected costs and allograft failure rates (lower performing) and centers with lower
than expected costs and failure rates (higher-performing) showed differences in donor and recipient characteristics. As these char-
acteristics were accounted for in the adjusted cost and allograft failure models, they are unlikely to explain the differences between
higher- and lower-performing centers. Conclusions. Further investigations are needed to determine specific cost-effective
practices of higher- and lower-performing centers to reduce costs and incidence of allograft failure.

(Transplantation 2015;99: 2150–2157)
Arecent Institute of Medicine report titled “Best care
at lower costs: the path to continuously learning

health care in America” stated thatmore than $750million
was wasted by the U.S. health care system in 2009.1

With the recent release of data from the Centers forMedi-
care & Medicaid Services (a U.S. federal government-
funded health insurance plan) showing highly variable
charges for several nontransplant health conditions, the
challenge is to understand the sources of variation in
costs.2 Such studies can help the health care system adopt
efficient models for providing high-quality care and re-
ducing costs.
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In the long run, kidney transplant is generally the most
cost-effective therapeutic option available to treat end-
stage renal disease (ESRD).3 The annual cost of ESRD
was $32.9 billion as of 2010. The cost of kidney transplant
increased 56%, from $1.7 billion in 2005 to 2.8 billion in
2010.4 Overall, despite its cost-effectiveness,5,6 kidney trans-
plant is a resource-intensive service, and graft and patient
survival rates are variable. The relationship between cost
and kidney allograft outcomes has not been investigated.
Therefore, we describe potential drivers of increased cost, and
we explore the association between cost and kidney allograft
outcomes for all kidney transplant centers in the study.
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METHODS

Data Sources

We used Medicare enrollment data and claims data from
the United States Renal Data System. The Medicare claims
data included Part A institutional claims (inpatient, outpa-
tient, skilled nursing facility, and home health agency) and
noninstitutional Part B physician/supplier claims. We used
these data to obtain demographic, comorbidity, and Medi-
care payment information.

This study also used data from the Scientific Registry of
Transplant Recipients (SRTR). The SRTR data system in-
cludes data on all donors, waitlisted candidates, and trans-
plant recipients in the United States, submitted by the members
of the Organ Procurement and Transplantation Network
(OPTN), and has been described elsewhere.7 The Health Re-
sources and Services Administration, U.S. Department of
Health and Human Services, provides oversight of the activ-
ities of the OPTN and SRTR contractors.

The observed and expected costs and quality were mea-
sured at the individual patient level, but the final comparison
was performed at the level of the transplant center.

Study Population

The study population included adult Medicare kidney trans-
plant recipients who underwent transplant between January 1,
2007, and June 30, 2009, with Medicare as primary payer.
Each patientwas followed for 1 year from the date of transplant
and censored at allograft failure or date of death. We excluded
patients who underwent multiorgan transplant because the
SRTR risk-adjusted Cox models for program-specific expected
kidney graft survival exclude these transplants. Multiorgan
transplants have a different set of risk factors for quality and
in general incur higher costs than kidney transplant alone.
Therefore, centers that perform multiorgan transplants would
appear to be more costly than centers that perform kidney
transplants alone.

Medicare Costs and Relative Cost

Using Medicare claims from the United States Renal Data
System, we determined Part A (inpatient, outpatient, skilled
nursing facility, and home health agency) and Part B (physi-
cian services and durable medical equipment) costs for the
first year after transplantation. The cost to Medicare is pre-
sented as Medicare payment per patient per year in U.S. dol-
lars. Using national data, the expected cost was obtained
from multiple linear regression models with payment per pa-
tient per year as the dependent variable adjusted for recipient,
donor, and transplant characteristics; geographic region; and
local wage index. The expected cost model was developed
using an algorithmdescribed previously.8 Costs for recipients
of deceased and living donor kidneys were determined sepa-
rately because of the differences in adjustment factors be-
tween these 2 types of transplants. Distribution of each of
these adjustment factors was reviewed, and variables were di-
chotomized based on the functional form that best fit the
data. We used multiple regression models with the ordinary
least square (OLS) estimate for deceased donor and living do-
nor transplants separately.9 The adjusted R-square for the
OLS model with deceased donor was 0.094, and the
R-square for the OLS model with living donor was 0.119.
Models were constructed at the patient level and used to cre-
ate the expected cost for each transplant center. The relative
Copyright © 2015 Wolters Kluwer H
cost for each transplant center was obtained by dividing the
observed by the expected costs for recipients of deceased do-
nor and living donor kidneys.

Observed/Expected Allograft Failure

Using recipient and donor variables obtained from OPTN
that are known to affect outcomes, SRTR calculates program-
specific expected kidney graft survival using risk-adjusted Cox
models, and publishes this information publicly. Using the
program-specific reports, we determined observed/expected
allograft failure within 1 year after transplantation for all kid-
ney transplant centers.10 The program-specific reports are ad-
justed for the following deceased donor transplant factors:
cold time, donation after circulatory death, donor age, donor
cause of death, donor history of diabetes, donor history of hy-
pertension, donor kidney was pumped, donor race, donor cre-
atinine, donor/recipient weight ratio, organ shipped outside
recovery donation service area, panel-reactive antibodies (PRA),
recipient underwent previous solid-organ transplant, recipi-
ent age, recipient body mass index, recipient cause of ESRD,
recipient hepatitis C virus (HCV) positive, recipient race, re-
cipient sex, dialysis duration. Program-specific reports are
also adjusted for the following living donor transplant fac-
tors: donor age, donor race, recipient relationship with do-
nor, HLA mismatches, PRA, recipient underwent previous
solid-organ transplant, recipient age, recipient body mass in-
dex, recipient cause of ESRD, recipient HCV status, recipient
insurance coverage, recipient race, dialysis duration. Allo-
graft failure was defined as return to dialysis, retransplant,
or death. Follow-up was censored at allograft failure. We ex-
cluded small centers with fewer than 3.69 expected allograft
failures because the observed/expected allograft failures in
such centers could vary dramatically with a single failure
(n = 41 of 207, 20%).

Determining Center Performance

Simple correlation was used to determine relationships be-
tween center costs and allograft outcomes. Centers whose
costs were lower than expected (observed/expected cost < 1)
and whose incidence of allograft failure was lower than ex-
pected (observed/expected allograft failure < 1) were consid-
ered to be higher-performing centers. Centers whose costs
were higher than expected and whose incidence of allograft
failure was higher than expected were considered to be lower-
performing centers. The remaining centers were considered to
be intermediate-performing centers.

The observed/expected transplant rate was compared be-
tween higher- and lower-performing centers. The transplant
rate is a metric for deceased and living donor transplants
combined, calculated per year on the waiting list, that is pub-
lished by SRTR in the program-specific reports. The expected
transplant rate is adjusted for candidate age, blood type, pre-
vious transplant, time on the waiting list, peak PRA, and in-
teraction between previous transplant and peak PRA.10 All
analyses were conducted using SAS, version 9.2 (Cary, NC).
RESULTS

Among 19,603 total transplants at 166 centers, the mean
observed cost per patient per centerwas $65,366 (interquartile
range $55,094-$71,624). Mean relative cost was $0.99 (±
$0.20), and mean observed/expected allograft failure at 1 year
after transplantation was 1.03 (±0.46). Mean observed
ealth, Inc. All rights reserved.



TABLE 1.

Baseline characteristics, Medicare costs, and parameter estimates from the ordinary least square, multiple regression model:
deceased donor transplants

Variable Frequency, % Medicare costa Reference Parameter estimate Standard error P

Overall n = 14,888 68,895
Intercept N/A N/A 40,870 3206 <0.0001
Donor factors
Age (1-y increase), y N/A N/A N/A 134 33 <0.0001
Race, African American 14.4 73,368 White 2887 1164 0.0132
Race, other 15.4 67,236 White −1033 1140 0.365
Cold time, 20 to < 30 h 27.0 69,196 <20 1489 918 0.1049
Cold time, ≥ 30 h 9.2 82,408 <20 9684 1423 <0.0001
Cold time missing 8.1 69,219 <20 −139 1496 0.9258
No kidney pumped 68.2 67,759 Yes or missing 1802 944 0.0563
Donor creatinine, ≥ 1.5 mg/dL 19.3 71,269 <1.5 961 1006 0.3394
Donor/recipient weight ratio, > 1 45.1 68,336 ≤1 −1896 900 0.0351
Donor/recipient weight ratio missing 3.3 72,889 ≤1 1399 3373 0.6783
Donor history of diabetes: no 92.5 68,233 Yes or missing −4183 1490 0.005
Donor history of HTN: yes 29.0 74,796 No 1232 1046 0.239
Donor history of HTN: missing 0.7 59,337 No −9897 4831 0.0405
DCD donor: yes 12.7 72,634 No 4338 1267 0.0006
Donor cause of death CVA/TIA 42.0 72,134 No 210 907 0.8169
Deceased donor ECD 22.2 78,053 No 2989 1324 0.024

Recipient and transplant factors
HLA ABDR mismatch 4 25.9 68,634 ≤3 2663 1084 0.014
HLA ABDR mismatch 5 31.6 70,831 ≤3 3575 1050 0.0007
HLA ABDR mismatch 6 15.4 71,506 ≤3 4168 1277 0.0011
PRA > 30 17.4 72,980 ≤30 5350 1174 <0.0001
PRA missing 2.9 72,671 ≤30 −1930 2379 0.4173
Previous organ transplant: yes 13.7 71,997 No 1732 1332 0.1935
Recipient age (1-y increase)b, y NA NA N/A 21 35 0.5455
Female 38.3 69,251 Male 1689 854 0.0479
Recipient race, African American 37.3 73,138 White 2112 931 0.0233
Recipient race, other 8.4 62,423 White −6048 1484 <0.0001
Primary cause of ESRD: diabetes 29.0 76,561 Other 2996 1414 0.0341
Primary cause of ESRD: HTN 26.3 67,795 Other −575 1159 0.6199
Primary cause of ESRD: GN 21.4 64,390 Other −536 1167 0.6463
BMI, < 10 kg/m2 or missing 5.6 69,760 10– < 25 −2453 2672 0.3586
BMI, 25 to < 30 kg/m2 32.9 67,742 10– < 25 −1119 1014 0.2699
BMI, ≥ 30 kg/m2 31.3 71,567 10– < 25 1125 1113 0.3123
Dialysis duration ≥ 5 y 40.6 72,775 <5 years 5927 880 <0.0001
Preemptive transplant: yes 4.0 59,201 No −5924 2037 0.0036
Preemptive transplant: missing 0.7 73,458 No 7152 4667 0.1254
HCV-positive 5.9 79,216 No 7166 1676 <0.0001
ASHDc 31.9 76,617 No 4213 936 <0.0001
CHFc 25.5 76,929 No 3827 943 <0.0001
CVA/TIAc 8.0 80,256 No 5829 1449 <0.0001
PVDc 24.3 78,630 No 4906 942 <0.0001
Other cardiac diseasec 22.4 76,190 No 4842 965 <0.0001
COPDc 9.7 74,552 No 1506 1327 0.2565
Gastrointestinal bleedingc 3.6 80,811 No 5842 2088 0.0051
Liver diseasec 7.8 73,609 No 1336 1465 0.3617
Dysrhythmiac 18.9 78,746 No 6238 1035 <0.0001
Cancerc 4.5 77,351 No 4527 1882 0.0162
Diabetesc 45.1 75,461 No 5608 1107 <0.0001
Hospital stay in 6 mo before transplant > 6 d 11.6 79,862 ≤6 days 4665 1281 0.0003
New England 3.6 72,908 South Atlantic −15,111 2644 <0.0001
Middle Atlantic 17.5 74,306 South Atlantic −12,883 1541 <0.0001
East North Central 16.3 67,496 South Atlantic −15,458 1412 <0.0001

Continued next page
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TABLE 1. (Continued)

Variable Frequency, % Medicare costa Reference Parameter estimate Standard error P

East South Central 5.7 55,359 South Atlantic −13,218 1875 <0.0001

West North Central 6.0 61,844 South Atlantic −13,593 1828 <0.0001
West South Central 11.1 63,358 South Atlantic −10,673 1452 <0.0001
Mountain 4.4 53,589 South Atlantic −24,386 2156 <0.0001
Pacific 13.2 67,070 South Atlantic −19,019 2110 <0.0001
Cohort year, 2008 39.5 69,582 2007 4455 871 <0.0001
Cohort year, 2009 21.1 75,652 2007 10,790 1046 <0.0001
Wage index, 0.9285-0.9981 25.1 67,992 <0.9285 8860 1155 <0.0001
Wage index, 0.9982-1.1170 25.4 73,095 <0.9285 16,775 1294 <0.0001
Wage index, > 1.1170 25.7 72,770 <0.9285 20,009 1792 <0.0001

Note: Includes all centers. For determining the center performance, small centers with fewer than 3.69 expected allograft failures were excluded because the observed/expected allograft failures
in such centers could vary dramatically with a single failure (n = 41 of 207, 20%).
a Per patient per year in year 1 after transplantation.
b Mean recipient age was 52.8 years (interquartile range, 43-63 years).
c Comorbid conditions in the 6 months before transplantation.
DCD, donation after circulatory death; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVA/TIA, cerebrovascular accident/transient ischemic attack; ECD, expanded criteria donor; HLA
ABDR, human leukocyte antigen A, B, and DR; GN, glomerulonephritis; HTN, hypertension.
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cost for the 14,888 deceased donor kidney recipients was
$66,637 per patient per center. Several factors were indepen-
dently associated with increased costs for deceased donor
transplants (Table 1).

Mean observed cost for the 4715 living donor kidney re-
cipients at 165 centers was $61,149 per patient per center
(interquartile range, $50,221-$67,701), much lower than for
deceased donor recipients. Only 1 donor factor, age, was in-
dependently associated with increased costs for living donor
transplants (Table 2).

The distribution of cost and observed/expected allograft
survival are shown in Figure 1 (panel A). There was no corre-
lation between relative cost and observed/expected allograft
failure (r = 0.096, P = 0.22; Figure 1, panel B). At 53 centers
(32%), survival was better and costs were lower than ex-
pected; at 38 centers (23%), costs were higher and survival
was worse (Figure 1, panel B). Higher-performing centers
(centers whose costs and incidence of allograft failure were
both lower than expected) were more likely to have the fol-
lowing characteristics compared with lower-performing cen-
ters (centers whose costs and incidence of allograft failure
were both higher than expected): fewer deceased donor
transplants, more white recipients, fewer African American re-
cipients, lower incidence of diabetes as the primary cause of
ESRD, recipients with lower body mass index, less frequent
retransplant, more frequent preemptive transplant, and lower
incidence of congestive heart failure (CHF) (Table 3). How-
ever, because these factors were accounted for in both the cost
and the allograft failure models, they are likely not the drivers
of the differences. Geographical distribution of higher- and
lower-performing centers also differed, with a trend toward
significance, despite adjustment for the local wage index.
Higher-performing centers were more likely to be located in
the West North Central and South Atlantic regions and less
likely to be located in the New England, Middle Atlantic,
and East South Central (Table 4).
DISCUSSION

As the pressure to contain costs and maintain and improve
outcomes for kidney transplants recipients intensifies, an
Copyright © 2015 Wolters Kluwer H
improved understanding of the relationships between these
2 variables is imperative. We found that several factors were
independently associated with increased costs of kidney trans-
plants. Immunologic factors such as increased PRA and in-
creased HLA mismatches were significantly associated with
cost, as were donor age, cold ischemia time, pretransplant di-
alysis duration, and pretransplant hospitalizations. Higher
costs were also associated with several common comorbid
conditions. However, despite these many associations, there
was no relationship between relative cost and observed/
expected allograft failure. Recipient and donor characteristics
at higher-performing centers with lower costs and better out-
comes differed from characteristics at lower-performing cen-
ters. However, these characteristics were accounted for in
our adjusted cost and allograft failure models. Our data sug-
gest a slight trend toward favorable performance being associ-
ated with regional differences in clinical practice, despite
adjustment for the local wage index. These differences suggest
that process and structure of care need to be assessed in future
studies as a means to improve both costs and outcomes.

The cost containment debate reached a new level with im-
plementationof theAffordableCareAct.11TheCenters forMedi-
care&Medicaid Services recently released data on the highly
variable hospital charges for 100 common medical condi-
tions,2 meant to highlight the lack of standardized charges
and encourage the health care sector to closely consider best
practices to reduce charges. Another study demonstrated that
the national aggregate hospital charges for kidney transplant
procedures rose from $0.9 billion in 1998 to $31 billion in
2008.12 In the present study, we considered cost in terms of
Medicare expenditures. We found no correlation between
costs and observed/expected allograft failure for all kidney
transplant centers in the study. This finding is similar to find-
ings of a recent systematic review by Hussey et al,13 who
noted an inconsistent association between health care qual-
ity and cost primarily in non-transplant settings. Of the
61 studies included in the review, 21 (34%) found a positive
or mostly positive association, 18 (30%) found a negative
or mostly negative association, and 22 (36%) found an incon-
sistent or no association. The review included a total of 20
expenditure-based studies; 5 showed a positive association,
ealth, Inc. All rights reserved.



TABLE 2.

Baseline characteristics, Medicare costs, and parameter estimates from the ordinary least square, multiple regression model:
living donor transplants

Variable Frequency, % Medicare cost a Reference Parameter estimate Standard error P

Overall n = 4715 64,881
Intercept N/A N/A 51,114 4486 <0.0001

Donor factors
Age (1-y increase), y N/A N/A N/A 138 60 0.0206
Race, African American 15.4 70,749 White −784 3528 0.8242
Race, other 19.8 61,536 White −2380 1903 0.211
Relationship with donor: yes 60.2 64,504 No 458 1762 0.7947
Relationship with donor: missing 0.04 27,782 No −35,359 31,495 0.2616

Recipient and transplant factors
HLA ABDR mismatch 4 15.1 64,294 ≤3 −29 2172 0.9895
HLA ABDR mismatch 5 17.1 67,395 ≤3 3894 2099 0.0637
HLA ABDR mismatch 6 10.9 66,958 ≤3 2940 2414 0.2232
PRA > 30 8.9 74,738 ≤30 8620 2443 0.0004
PRA, missing 24.6 73,124 ≤30 7,599 1579 <0.0001
Previous organ transplant: yes 13.3 74,447 No 2671 2491 0.2838
Recipient age (1-y increase),b y NA NA −185 53 0.0004
Female 39.1 67,506 Male 3180 1384 0.0216
Recipient race, African American 18.2 70,547 White 1835 3286 0.5766
Recipient race, other 6.5 56,710 White −5745 2819 0.0416
Primary cause of ESRD: diabetes 26.2 72,438 Other 6268 2357 0.0079
Primary cause of ESRD: HTN 20.3 62,442 Other 1550 1954 0.4277
Primary cause of ESRD: GN 24.0 62,670 Other 678 1804 0.7071
BMI < 10 kg/m2 or missing 6.3 81,927 10– < 25 13,987 2842 <0.0001
BMI 25- < 30 kg/m2 30.5 62,366 10– < 25 2094 1649 0.2042
BMI 30 kg/m2 28.1 67,829 10– < 25 5334 1707 0.0018
Dialysis duration ≥ 5 y 18.1 74,242 <5 years 5482 2152 0.0109
Preemptive transplant: yes 14.6 55,869 No −5489 1962 0.0052
Preemptive transplant: missing 3.5 60,754 No −4340 3603 0.2284
HCV positive 4.0 73,601 No 361 3379 0.9149
ASHDc 30.4 69,918 No 1545 1638 0.3455
CHFc 22.7 75,026 No 4590 1694 0.0068
CVA/TIAc 8.0 70,422 No −1374 2454 0.5755
PVDc 21.1 76,602 No 7020 ,670 <0.0001
Other cardiac diseasec 22.2 73,279 No 2740 1656 0.0981
COPDc 9.3 78,206 No 11590 2278 <0.0001
Gastrointestinal bleedingc 3.5 77,038 No 4075 3553 0.2515
Liver diseasec 7.1 72,290 No 4725 2566 0.0656
Dysrhythmiac 17.6 71,893 No 4531 1800 0.0119
Cancerc 6.1 73,335 No 7816 2744 0.0044
Diabetesc 40.3 70,898 No 3677 1939 0.058
Hospital stay in 6 mo before transplant > 4 d 19.7 79,995 ≤4 days 8831 1786 <0.0001
New England 5.1 66,012 South Atlantic −22,398 3933 <0.0001
Middle Atlantic 15.4 67,701 South Atlantic −18,919 2908 <0.0001
East North Central 19.5 62,345 South Atlantic −20,964 2297 <0.0001
East South Central 4.2 51,502 South Atlantic −19,313 3731 <0.0001
West North Central 8.5 65,385 South Atlantic −11,927 2961 <0.0001
West South Central 9.1 56,548 South Atlantic −18,936 2766 <0.0001
Mountain 6.9 53,528 South Atlantic −25,584 3041 <0.0001
Pacific 15.1 61,540 South Atlantic −21,253 3279 <0.0001
Cohort year 2008 38.4 66,376 2007 5129 1465 0.0005
Cohort year 2009 20.8 69,038 2007 8651 1758 <0.0001
Wage index 0.9424 to 1.0275 26.1 71,101 <0.9424 14,238 2032 <0.0001
Wage index 1.0276 to 1.1295 24.9 63,393 <0.9424 10,241 2211 <0.0001
Wage index > 1.1294 25.8 67,890 <0.9424 17,803 2945 <0.0001

Note: Includes all centers. For determining the center performance, small centers with fewer than 3.69 expected allograft failures were excluded because the observed/expected allograft failures in such centers
could vary dramatically with a single failure (n = 41 of 207, 20%).
a Per patient per year in year 1 after transplantation.
b Mean recipient age was 50.0 years (interquartile range, 38-63 y).
c Comorbid conditions in the 6 months before transplantation.
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FIGURE 1. A and B, Variation in unadjusted cost of kidney transplant
and allograft failure outcomes (panel A), and variation in adjusted cost
of kidney transplant and allograft failure outcomes (panel B).

TABLE 3.

Characteristics of higher- versus lower-performing centers

Variable

Higher-
performing
centersa

Lower-
performing
centersb P

Total centers 53 38
Total recipients 6839 4635
Deceased donor (%) 72.9 77.8 <0.0001
Recipient age (mean ± SD), y 52.6 ± 13.9 51.8 ± 13.9 0.0042
Recipient age, y (%) 0.0697

18–30 8.3 8.8
31–44 20.3 21.6
45–59 35.5 36.0
≥60 35.9 33.7

Female (%) 38.2 38.1 0.9464
Race (%) <0.0001

White 63.0 59.4
African American 29.1 33.9
Other 7.9 6.7

Primary cause of ESRD (%) 0.0094
Diabetes 28.2 29.3
Hypertension 23.7 25.7
Glomerulonephritis 22.3 20.7
Other 25.9 24.3

BMI, kg/m2 (%) <0.0001
<10 or missing 7.7 1.7
10- < 25 30.8 33.6
25- < 30 32.1 34.2
≥30 29.4 30.5

Dialysis duration, y (%) 0.0746
<2 25.4 25.9
2- < 5 41.0 39.0
≥5 33.6 35.2

Previous organ transplant: yes (%) 13.4 14.8 0.0454
Preemptive: yes (%) 7.5 6.1 0.0024
Length of stay in days 6 mo previous
transplant (mean ± SD)

2.72 ± 5.23 3.00 ± 6.06 0.009

Comorbid conditions in 6 mo before
transplantation (%)

Atherosclerotic heart disease 32.2 32.6 0.7111
CHF 23.4 26.7 <0.0001
CVA/TIA 7.8 7.6 0.792
PVD 23.0 24.5 0.0583
Other cardiac disease 20.9 23.9 0.0001
COPD 9.6 9.2 0.4626
Gastrointestinal bleeding 3.6 3.5 0.8847
Liver disease 7.4 8.9 0.0041
Dysrhythmia 18.4 19.7 0.0985
Cancer 4.8 5.2 0.2709

a Higher-performing centers: observed/expected costs < 1, observed/expected allograft failure < 1.
b Lower-performing centers: observed/expected cost > 1, observed/expected allograft failure > 1.

© 2015 Wolters Kluwer Nassir et al 2155
5 showed a negative association, and 10 were indeterminate.
An included study by Englesbe et al14 demonstrated that low-
quality centers costMedicare an additional $1185 per kidney
transplant, thus noting a negative association. Quality was
described as postoperative 30-day mortality.14 Six-month
mortality for patients in the study was less than 5%. The In-
stitute of Medicine has studied variation in costs; with cur-
rent trends toward cost containment, it is crucial that the
kidney transplant service adopt evidence-based practices that
will maintain quality at low costs.15 For example, centers
may vary in lengths of stay due to variation in duration of in-
travenous induction agents, such as thymoglobulin after kid-
ney transplant. Centers that use a full dose of calcineurin
inhibitors immediately after transplant rather than delaying
until onset of allograft function may have longer lengths of
stay and potentially higher costs.16

Geographic variation in cost of care has been described for
many other diseases17 and was first described as early as
1973.18 We found geographic differences in the distribution
of higher-, lower-, and intermediate-performing centers
across different regions, but with only a trend toward statis-
tical significance. Regional differences in clinical practice pat-
terns may possibly explain some of the variation in cost and
quality of outcomes, but are not necessarily a strong driver
of differences after adjustment for the local wage index. Graft
Copyright © 2015 Wolters Kluwer H
survival correlates inversely with decreasing organ quality19;
thus, it is not a surprise that marginal organs increased the
costs of transplant. Organ quality defined by cold ischemia
time, donation after circulatory death status, and expanded
criteria donor status was independently associated with in-
creased costs (Table 1), consistent with finding of other
studies.20-23 However, these and other donor factors were
accounted for in the adjusted analysis.
ealth, Inc. All rights reserved.



TABLE 4.

Percentage of centers with various performance characteristics within each geographic region. each row adds up to 100%

Center performance

Region Highera
Intermediate, allograft outcomes

worse than expectedb
Intermediate, cost higher

than expectedc Lowerd Pe

New England 16.7 33.3 25 25 0.057
Middle Atlantic 23.3 26.7 13.3 36.7 0.057
South Atlantic 44.5 37 11.1 7.4 0.57
East North Central 25 16.6 29.2 29.2 0.087
East South Central 12.5 50 0 37.5 0.061
West North Central 54.5 0 27.3 18.2 Reference
West South Central 35 25 20 20 0.29
Mountain 36.3 18.2 18.2 27.3 0.39
Pacific 34.8 26.1 26.1 13 0.27
a Higher-performing centers: observed/expected costs < 1, observed/expected allograft failure < 1.
b Intermediate-performing centers with worse allograft outcomes than expected: observed/expected cost < 1, observed/expected allograft failure > 1.
c Intermediate-performing centers with higher cost than expected: observed/expected cost > 1, observed/expected allograft failure < 1.
d Lower-performing centers: observed/expected cost > 1, observed/expected allograft failure > 1.
e P value comparing proportion of higher-performing centers versus centers with other cost and outcome characteristics, within each geographic region.
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Greater degree of HLA mismatch and higher PRA score
were significantly associated with increased costs (Table 1,
Table 2). Among deceased donor transplants, African
American race was associated with increased costs. Numer-
ous studies have described inferior kidney graft survival and
increased acute rejection rates among African American re-
cipients, and have attributed these findings to a combination
of socioeconomic and immunological differences.24,25 Stud-
ies have also shown that allograft failure rates are higher
for African American recipients, likely due to rejection.26 Be-
cause African American recipients are more likely to be over-
represented among transplant recipients than in the general
donor population, they undergo transplant with more HLA
mismatches.

Similarly, comorbid conditions, such as diabetes, CHF,
atherosclerotic heart disease, peripheral vascular disease
(PVD), obesity, and HCV were significantly associated with
increasing costs.27 In the published literature, preexisting re-
cipient cardiovascular disease (presence of myocardial infarc-
tion, CHF, ischemic heart disease, PVD, unstable angina, or
cardiac arrest) has been associated with decreased graft and
recipient survival following kidney transplant.28,29

Recipient diagnosis of PVD was associated with increased
costs. Recent studies show that kidney allograft and patient
survival are inferior for patients with PVD compared with
patients without PVD, likely due to increased risk of amputa-
tion (particularly in diabetic patients), allograft ischemia, sig-
nificant morbidity, and poor patient survival.30

Recipient HCV-positive status was also associated with in-
creased costs in recipients of deceased donor kidneys. Post-
transplant allograft and patient survival are worse for HCV-
positive kidney transplant recipients than for HCV-negative
recipients,31 and HCV-positive recipients are more likely to
develop proteinuria, chronic rejection, infections, glomerulo-
nephritis, and new-onset diabetes after transplant.32

The high costs associated with obese patients undergoing
kidney transplant could be explained by increased risk of
surgical complications, including longer operative times, pro-
longed hospitalizations, higher rates of reintubation, more fre-
quent intensive care unit admissions, and greater incidence
of wound complications.33,34
Copyright © 2015 Wolters Kluwer
Higher costs were also noted with prolonged dialysis
duration for both deceased donor and living donor kidney
recipients. The adverse effects of dialysis are duration depen-
dent and include increased rates of delayed graft function
and acute rejection, and increased progression of cardiovas-
cular disease.35

Overall costs for deceased donor kidney transplant recipi-
ents were higher than for living donor recipients. This finding
is similar to findings discussed by Axelrod et al,36 who
showed that the costs of providing transplant care increased
significantly with transplants in higher-risk recipients and
use of marginal organs. However, we found no correlation
between costs and observed/expected allograft failure, possi-
bly because many transplant centers that accept high-risk do-
nors or recipients with comorbid conditions have created cost-
effective management systems. For example, careful selection
of appropriate transplant candidates with comorbid condi-
tions may also explain lack of correlation detected in our
study. The variability in costs and outcomes may more likely
be due to significant variation in the structure and processes
of care for kidney transplant recipient.37 A direct, in-depth
comparison of the structure and processes of care between
consistently higher- and lower-performing centers would as-
sist in identifying factors that drive costs and affect outcomes.

Our study has several limitations. Our cost data were limited
to Medicare beneficiaries while data on observed/expected
allograft failure included all patients in the centers. We did
not separate the outcomes forMedicare beneficiaries; however,
it is unlikely that transplant centers treat Medicare patients dif-
ferently from non-Medicare patients. Also, removing patients
with private payers would reduce the sample size at many cen-
ters and potentially reduce the precision of quality estimates.
We do not have access to cost data for private payers; hence,
the association between cost and quality may limit the gener-
alizability of the information to non-Medicare beneficiaries.
However, the cost to private payers is generally higher than
the cost to Medicare. The study could be confounded by un-
measured differences in recipient characteristics. A few vari-
ables were missing for some transplant recipients (Tables 1
and 2), but sensitivity analysis excluding these recipients
did not change the lack of correlation between allograft
 Health, Inc. All rights reserved.
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outcomes and cost (data not shown). Our models did not
use the kidney donor risk index38 because it was not in use
during the timeframe of the study cohort. However, we used
all the variables used to calculate it except donor height.
Lastly, we did not account for kidney acquisition costs, which
include payments for the pretransplant workup and acquiring
the kidney allograft. Organ acquisition is a pass-through
payment that is reported on the annual hospital cost reports
and then embedded into general Medicare hospital pay-
ments. Therefore, it is not feasible to assign kidney acquisi-
tion costs to an individual transplant.

In conclusion, to the best of our knowledge, this is the first
study to describe the association of cost and quality in kidney
transplantation at 1 year after transplantation. There was
no association between relative cost and observed/expected
allograft failure. Future evaluation of the variation in process
and structure of care between high- and low-performing cen-
ters might provide insight into best practices to help decrease
costs and maintain high quality. We hope that reporting on
these costs and outcomes will encourage further work aimed
at determining best practices for achieving high quality at
low cost.

ACKNOWLEDGMENTS
The authors thank Scientific Registry of Transplant Recipients
colleagues Delaney Berrini, BS, for manuscript preparation,
and Nan Booth, MSW, MPH, ELS, for manuscript editing.
REFERENCES
1. Ferguson TB Jr. The Institute of Medicine committee report “best care

at lower cost: the path to continuously learning health care”. Circ
Cardiovasc Qual Outcomes. 2012;5:e93–e94.

2. Centers for Medicare & Medicaid Services. Medicare Provider Utilization
and Payment Data. 2013. Available at: http://www.cms.gov/Research-
Statistics-Data-and-Systems/Statistics-Trends-and-Reports/medicare-
provider-charge-data/index.html. Accessed January 15, 2015.

3. Eggers P. Comparison of treatment costs between dialysis and transplantation.
Semin Nephrol. 1992;12:284–289.

4. U.S. Renal Data System. USRDS 2012 Annual Data Report: Total Medicare
ESRD expenditures, by modality, Volume 2, Figure 11.6. Bethesda, MD:
National Institutes of Health, National Institute of Diabetes and Digestive
and Kidney Diseases, 2012:332.

5. Wong G, Howard K, Chapman JR, et al. Comparative survival and
economic benefits of deceased donor kidney transplantation and dialysis
in people with varying ages and co-morbidities.PLoSOne. 2012;7:e29591.

6. Snyder RA, Moore DR, Moore DE. More donors or more delayed graft
function? A cost-effectiveness analysis of DCD kidney transplantation.
Clin Transplant. 2013;27:289–296.

7. Leppke S, Leighton T, Zaun D, et al. Scientific Registry of Transplant
Recipients: collecting, analyzing, and reporting data on transplantation in
the United States. Transplant Rev (Orlando). 2013;27:50–56.

8. Buchanan PM, Lentine KL, Burroughs TE, et al. Association of lower
costs of pulsatile machine perfusion in renal transplantation from ex-
panded criteria donors. Am J Transplant. 2008;8:2391–2401.

9. Pope GC, Kautter J, Ellis RP, et al. Risk adjustment of Medicare capitation
payments using the CMS-HCC model. Health Care Financ Rev. 2004;
25:119–141.

10. Scientific Registry of Transplant Recipients. U.S. Hospitals with Kidney
Transplant Centers. 2011. Available at: http://www.srtr.org/csr/current/Centers/
TransplantCenters.aspx?organcode=KI. Accessed January 15, 2015.

11. U.S. Government. Patient Protection and Affordable Care Act of 2010.
2010. Available at: https://www.healthcare.gov/glossary/affordable-care-act/.
Accessed January 15, 2015.
Copyright © 2015 Wolters Kluwer H
12. Janjua HS, Hains DS, Mahan JD. Kidney transplantation in the United
States: economic burden and recent trends analysis. Prog Transplant. 2013;
23:78–83.

13. Hussey PS, Wertheimer S, Mehrotra A. The association between health care
quality and cost: a systematic review. Ann Intern Med. 2013;158:27–34.

14. Englesbe MJ, Dimick JB, Fan Z, et al. Case mix, quality and high-cost
kidney transplant patients. Am J Transplant. 2009;9:1108–1114.

15. Institute of Medicine. Geographic Variation in Health Care Spending and
Promotion of High-Value Care—Interim Report. April, 2013. Available at:
http://www.iom.edu/Activities/HealthServices/GeographicVariation.aspx.
Accessed January 15, 2015

16. Kidney Disease: Improving Global Outcomes (KDIGO) Transplant Work
Group KDIGO clinical practice guideline for the care of kidney transplant
recipients. Chapter 2. Am J Transplant. 2009;9 Suppl 3:S1–S155.

17. Dartmouth College. The Dartmouth Institute for Health Policy and Clinical
Practice. 2014 Available at: http://www.dartmouthatlas.org/. Accessed
January 15, 2015.

18. Wennberg J, Gittelsohn J. Small area variations in health care delivery.
Science. 1973;182:1102–1108.

19. Schold JD, Kaplan B, Baliga RS, et al. The broad spectrum of quality in
deceased donor kidneys. Am J Transplant. 2005;5:757–765.

20. Saidi RF, Elias N, Kawai T, et al. Outcome of kidney transplantation using
expanded criteria donors and donation after cardiac death kidneys: realities
and costs. Am J Transplant. 2007;7:2769–2774.

21. Englesbe MJ, Ads Y, Cohn JA, et al. The effects of donor and recipient
practices on transplant center finances. Am J Transplant. 2008;8:586–592.

22. Matas AJ, Smith JM, Skeans MA, et al. OPTN/SRTR 2011 Annual Data
Report: Kidney. Am J Transplant. 2013;13:11–46.

23. Gagandeep S,Matsuoka L, Mateo R, et al. Expanding the donor kidney pool:
utility of renal allografts procured in a setting of uncontrolled cardiac death.
Am J Transplant. 2006;6:1682–1688.

24. Young CJ, Gaston RS. Understanding the influence of ethnicity on renal
allograft survival. Am J Transplant. 2005;5:2603–2604.

25. Schold JD, Srinivas TR, BraunWE, et al. The relative risk of overall graft loss
and acute rejection among African American renal transplant recipients is
attenuated with advancing age. Clin Transplant. 2011;25:721–730.

26. Taber DJ, Meadows HB, Pilch NA, et al. The impact of diabetes on ethnic
disparities seen in kidney transplantation. Ethn Dis. 2013;23:238–244.

27. Cosio FG, Hickson LJ, Griffin MD, et al. Patient survival and cardiovascular
risk after kidney transplantation: the challenge of diabetes. Am J Transplant.
2008;8:593–599.

28. Petersen E, Baird BC, Shihab F, et al. The impact of recipient history of
cardiovascular disease on kidney transplant outcome. ASAIO J. 2007;
53:601–608.

29. Weinhandl ED, Snyder JJ, Israni AK, et al. Effect of comorbidity adjustment
on CMS criteria for kidney transplant center performance. Am J Transplant.
2009;9:506–516.

30. Brar A, Jindal RM, Elster EA, et al. Effect of peripheral vascular disease on kidney
allograft outcomes: a study of U.S. Renal Data System. Transplantation.
2013;95:810–815.

31. Fabrizi F, Martin P, Dixit V, et al. Hepatitis C virus antibody status and
survival after renal transplantation: meta-analysis of observational studies.
Am J Transplant. 2005;5:1452–1461.

32. Morales JM, Bloom R, Roth D. Kidney transplantation in the patient with
hepatitis C virus infection. Contrib Nephrol. 2012;176:77–86.

33. Holley JL, Shapiro R, Lopatin WB, et al. Obesity as a risk factor following
cadaveric renal transplantation. Transplantation. 1990;49:387–389.

34. Lentine KL, Delos SR, Axelrod D, et al. Obesity and kidney transplant
candidates: how big is too big for transplantation? Am J Nephrol. 2012;
36:575–586.

35. Mange KC, Joffe MM, Feldman HI. Effect of the use or nonuse of long-
term dialysis on the subsequent survival of renal transplants from living
donors. N Engl J Med. 2001;344:726–731.

36. Axelrod DA. Economic and financial outcomes in transplantation: whose
dime is it anyway? Curr Opin Organ Transplant. 2013;18:222–228.

37. Israni A, DeanCE, Salkowski N, et al. Variation in structure and delivery of care
between kidney transplant centers in the United States. Transplantation.
2014;98:520–528.

38. Rao PS, Schaubel DE, Guidinger MK, et al. A comprehensive risk
quantification score for deceased donor kidneys: the kidney donor risk
index. Transplantation. 2009;88:231–236.
ealth, Inc. All rights reserved.


