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Abstract

In the United States, livers for transplantation are distributed within donation service areas
(DSAs). In DSAs with multiple transplant centers, competition among centers for organs and
recipients may affect recipient selection and outcomes in comparison with DSAs with only 1
center. The objective of this study was to determine whether competition within a DSA is
associated with posttransplant outcomes and variations in patients wait-listed within the DSA.
United Network for Organ Sharing data for 38,385 adult cadaveric liver transplant recipients
undergoing transplantation between January 1, 2003 and December 31, 2009 were analyzed to
assess differences in liver recipients and donors and in posttransplant survival by competition
among centers. The main outcome measures that were studied were patient characteristics, actual
and risk-adjusted graft and patient survival rates after transplantation, organ quality as quantified
by the donor risk index (DRI), wait-listed patients per million population by DSA, and
competition as quantified by the Hirschman-Herfindahl index (HHI). Centers were stratified by
HHI levels as no competition or as low, medium (or mid), or high competition. In comparison
with DSAs without competition, the low-, mid-, and high-competition DSAs (1) performed
transplantation for patients with a higher risk of graft failure [hazard ratio (HR) = 1.24, HR = 1.26,
and HR = 1.34 (P < 0.001 for each)] and a higher risk of death [HR = 1.21, HR = 1.23, and HR =
1.34 (P < 0.001 for each)] and for a higher proportion of sicker patients as quantified by the Model
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for End-Stage Liver Disease (MELD) score [10.0% versus 14.8%, 20.1%, and 28.2% with a match
MELD score of 31-40 (P < 0.001 for each comparison)], (2) were more likely to use organs in the
highest risk quartile as quantified by the DRI [18.3% versus 27.6%, 20.4%, and 31.7% (P < 0.001
for each)], and (3) listed more patients per million population [18 (median) versus 34 (P = not
significant), 37 (P = 0.005), and 45 (P = 0.0075)]. Significant variability in patient selection for
transplantation is associated with market variables characterizing competition among centers.
These findings suggest both positive and negative effects of competition among health care
providers.

In the United States, organs for transplantation are scarce resources. Patients on transplant
lists are essentially in competition with one another through transplant centers, which
represent the patients and commonly act as surrogate decision makers for the patients in
decisions concerning patient and organ suitability. Transplant centers need to perform
transplantation for patients at rates high enough to meet their fixed costs, to make
incremental profits with each additional transplant, and to preserve their market share. These
motives may conflict with decisions about the patients who should undergo transplantation,
the best matching of organs with recipients, and, therefore, the best allocation of this scarce
resource.

Under the current system for organ distribution employed in the United States, the national
list is subdivided into regional and local units, and the local unit is called the donation
service area (DSA). A DSA can be composed of 1 or more transplant centers; when there is
more than 1 transplant center, the centers' patients are combined into a single list. When an
organ becomes available, it is offered to patients ranked on a DSA list. In liver
transplantation, the primary ranking of patients on these lists is done with the Model for
End-Stage Liver Disease (MELD) score.! Patients with the highest scores are at the greatest
risk of death and are the first to be offered organs that are offered within a DSA. When a
transplant center is the only member of its DSA, it has no competition for an organ if the
organ is used in a patient with a MELD score greater than 15. In a DSA with more than 1
transplant center, competition exists among the centers for an organ, and this may affect the
use of the organ in comparison with its use within a DSA without competition. This
competition may affect patient and organ selection, and the degree of competition could lead
to different decisions by transplant centers. In this article, we examine empirically the
effects of transplant center competition within DSAs.

Patients and Methods

Data for adult deceased donor liver transplants between January 1, 2003 and December 31,
2009 were obtained from the United Network for Organ Sharing (through Standard
Transplant Analysis and Research files created on March 31, 2011) to evaluate the risks of
graft loss and patient death by competition. Transplants occurring at children's hospitals or
at centers with fewer than 7 transplants during the study period (equivalent to less than 1
transplant per study year) were excluded from the study.

The Hirschman-Herfindahl index (HHI) was used to measure competition. The HHI for each
DSA was calculated as the sum of the squares of market share for all centers within the
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DSA. The market share for a given center was defined as the proportion of liver transplants
within the DSA performed at the given center from 2003 to 2009. The HHI was rescaled to
1 for this analysis. High HHI values indicated low competition, whereas low HHI values
indicated high competition. We compared centers without competition to those with
competition, but we segregated the latter into HHI tertiles to allow for comparisons between
patients undergoing transplantation at centers with no competition (HHI = 1.00), low
competition (HHI = 0.53-0.99), medium (or mid) competition (HHI = 0.38-0.52), or high
competition (HHI < 0.38). The DSAs in New York, Ohio, and Tennessee were covered
under statewide sharing agreements during the time of this study and were combined into
single DSAs including all active centers in the states. Two centers, Oregon Health and
Sciences University and the Portland Veterans Administration Medical Center, act as a
single center and were regarded as a single center for this analysis. The number of active
transplant centers fluctuated by the calendar year, with 14 centers initiating liver
transplantation and 6 centers eliminating liver transplantation. The volume at new centers
(median number of liver transplants in the first year = 4, range = 1-21) and closing centers
(median number of liver transplants in the final year = 15, range = 6-21) was relatively
small, and this suggested a limited volume of liver transplants at these centers. The small
numbers of center transitions and patients limited the feasibility of evaluating any effects
and were, therefore, not assessed.

Frequency distributions and medians (with interquartile ranges) for recipient and donor
characteristics were compared by no competition, low competition (high HHI values), mid
competition (intermediate HHI values), or high competition (low HHI values). The
covariates included those significantly associated with 1-year graft survival in the Scientific
Registry of Transplant Recipients (SRTR) report?: recipient age, previous abdominal
surgery, life support, dialysis 2 times per week before transplantation, portal vein
thrombosis, previous liver transplantation, recipient functional status, diagnosis at liver
transplant, recipient aloumin level, recipient creatinine level, donor age, donation after
cardiac death, donor desmopressin, donor diuretics, liver type (partial/split or whole), cold
ischemia time, donor height, and recipient hepatitis C virus diagnosis—donor age interaction
[(donor age — 50)/10]. Also included were other relevant variables such as the match MELD
score, hepatocellular carcinoma (HCC) exception status, insurance status, donor race,
region, days on the wait list, length of stay after transplantation, and donor risk index
(DRI).3 Differences and trends in recipient and donor characteristics across HHI levels were
assessed with the chi-square test (categorical variables), the Wilcoxon rank-sum test
(continuous variables), or the Cochran-Armitage trend test. We accounted for multiple
comparisons across HHI levels with a Bonferroni-corrected P value (P < 0.008; Supporting
Table 1).

The Kaplan-Meier method was used to estimate observed 1- and 3-year graft and patient
survival rates by HHI levels. The posttransplant follow-up status and date were updated with
data from the Social Security Death Certificate Master File for patients reportedly alive or
lost to follow-up who also had a valid Social Security death date. The time to graft loss was
measured in days from liver transplantation to patient death or retransplantation. The time to
patient death was measured in days from liver transplantation to patient death. Patients alive
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or lost to follow-up were censored at the date of last follow-up (for graft and patient
survival), and patients undergoing retransplantation were censored at the date of
retransplantation (for patient survival). Survival differences by HHI levels were assessed
with a log-rank test with Bonferroni-corrected P values. Univariate and adjusted hazard
ratios (HRs) for posttransplant graft and patient survival were calculated for the different
HHI levels with a Cox proportional hazards model. The multivariate HRs were adjusted for
variables significantly associated with survival in the SRTR reports.

We evaluated center-level clustering in the multivariate model. When we accounted for
clustering, the HR estimates for the HHI and the statistical significance of graft and patient
survival by the HHI remained unchanged with 1 exception: the P value for patient survival
in the mid-competition category increased to 0.06 (data not shown). We report here the
multivariate model without center-level clustering.

We also examined DSA characteristics, including the HHI, the number of centers, and the
transplant and listing practices. The number of liver transplants and the number of new
listings per year at DSAs were calculated as means for the study years 2007-2009. Liver
transplants and listings per year were adjusted per million population with 2008 census data.
Census data for states with county population estimates were obtained from online US
census data.* Counties were assigned to the DSAs from the SRTR annual organ
procurement organization report for the time period® (Table 10 in that report was used for
each organ procurement organization). Differences in DSA-level characteristics were
compared across HHI levels with the Wilcoxon rank-sum test. All statistical analyses were
conducted with SAS 9.2 (SAS, Inc., Cary, NC).

This research was considered exempt by the Committee on Human Research of the
University of California San Francisco because no patient identifiers were provided in the
Standard Transplant Analysis and Research files.

From 2003 to 2009, there were 38,385 transplants in 112 transplant centers, 47 DSAs, and
11 United Network for Organ Sharing regions. Two DSAs in New York, 3 DSAs in Ohio,
and 2 DSAs in Tennessee were collapsed into single statewide DSAS, and 2 centers in
Oregon were combined into a single center. A histogram of the DSAs by HHI values is
shown in Fig. 1. In Table 1, we list descriptive statistics for the variables of interest and
compare transplant patients by HHI levels. In comparison with transplant patients at centers
without competition, a greater proportion of transplant patients at centers with low-, mid-, or
high-competition levels were status 1; they were more likely to have match MELD scores
greater than 20, HCC or non-HCC exceptions, dialysis in the week before transplantation, a
previous liver transplant, life support, a functional status requiring total assistance, and
higher albumin levels, and a lower proportion previously underwent abdominal surgeries.
Transplant recipients at the mid- and high-competition levels had higher serum creatinine
levels in comparison with recipients at the no-competition level. Donors at the low-, mid-,
and high-competition levels were generally older (ie, there was a greater proportion of
donors = 60 years old) and included lower proportions of white donors, donors receiving
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desmopressin, and local organs and greater proportions of donors with DRIs in the upper
quartile in comparison with donors at the no-competition level. Patients at the mid- and
high-competition levels had greater proportions of partial/split liver transplants and lower
proportions of grafts with cold ischemia times less than 9 hours in comparison with patients
at the no-competition level. Because of the large number of transplants, relatively small
differences may have been statistically significant. Clinically important differences were
found in the percentages of patients undergoing transplantation with high MELD scores,
with HCC, and on life support or dialysis, in the recipient functional status, in some of the
components of the DRI (donor race, older donor age, share type, and cold ischemia time),
and in the DRI itself.

We examined the data to determine the degree of elasticity of the data. Using P trends, we
found evidence of trends for oldest patient age, MELD scores (except for 6-10), exception
scores (HCC and non-HCC), life support, dialysis, recipient functional status, multiple DRI
factors, and highest and lowest DRI scores.

Table 2 documents the effects of univariate and adjusted multivariate HRs for the risks of
graft failure and patient death by HHI levels. The risks of graft failure and patient death
were significantly elevated at the low-, mid-, and high-competition levels in comparison
with the no-competition level. Despite adjustments for the variables significantly associated
with graft survival in the SRTR center-specific reports, the HRs for graft failure and patient
death remained significantly different from the HRs of the centers without competition, and
this suggested unaccounted-for variance. The matching of high-DRI organs (defined as the
upper quartile of transplanted organs with a DRI > 1.68) with recipients with high MELD
scores (defined as MELD scores of 31-40) increased with competition [1.8% with no
competition, 2.8% with low competition, 3.2% with mid competition, and 6.2% with high
competition, P < 0.001 for all comparisons except for low competition versus mid
competition (P = 0.05)]. However, this was not independently associated with graft (P =
0.62) or patient survival (P = 0.09) in the multivariate analysis.

Figure 2 depicts unadjusted 7-year graft and patient survival. Overall, there was a decrease
in the observed graft and patient survival with more competition. The observed 3-year graft
and patient survival rates were significantly lower at the low-, mid-, and high-competition
levels in comparison with the no-competition level (P < 0.001).

Table 3 demonstrates the DSA categorization by the HHI. The median listings per million
population in DSAs differed by the degree of competition within DSAs, with DSAs without
competition having significantly fewer listings per million population in comparison with
DSAs with mid- and high-competition levels.

Discussion

When we consider competition among transplant centers, we assume that transplant centers
desire to perform more liver transplants (ie, gain market share) because of the advantages
gained by performing transplants. The presence of more than 1 transplant center in a DSA
increases competition among centers for patients and organs, both of which are necessary
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for gaining market share. Because livers are allocated to the patients on the list by the
ranking of their degree of illness (as captured by the MELD score), increased competition
would be expected to be associated with higher MELD scores at transplantation. These
patients with high MELD scores are more likely to be on life support and on dialysis and to
have a worse functional status. Patients with these characteristics have been shown to have
higher costs associated with transplantation and lower survival rates after transplantation.:’

Another center strategy for increasing transplantation is to use organs associated with a
higher risk of graft failure as measured by the DRI. The use of higher DRI organs is
associated with higher transplant costs and worse recipient outcomes.8 It has also been
shown recently that higher DRI organs in patients with higher MELD scores is associated
with increased costs.? A recent article demonstrated that multiple centers in an organ
procurement organization were associated with the use of higher DRI organs, but a measure
of market share was not used.10

We have examined the trends of donor and recipient characteristics (see Table 1). The
results suggest an elasticity of the effect, particularly in the characteristics by which
competition would affect donor and recipient selection at the margin. We cannot argue that
there is not some level of a threshold effect, particularly when one is going from no
competition to any competition, but there does remain evidence of an association with the
HHI, that is, increasing levels of competition and changes in patient and donor selection.

The behavior of performing transplantation for higher risk patients and using higher DRI
organs is associated with a decrease in the expected survival of patients at centers with
increased competition. When there is no competition, a center may not benefit from
performing transplantation with higher DRI organs for patients with higher MELD scores
because of the costs associated with this strategy. Because transplant centers typically
receive a fixed payment for a transplant from Medicare and private health care payers, a
lower cost for transplantation would increase the profits of transplantation. This strategy
may result in lower listings per million population by centers without competition, as we
have noted in Table 3.

Table 2 documents an association between the level of competition and the HRs of graft and
patient survival. The fact that the variables used in the SRTR survival analyses do not
account for all of the variance associated with competition is unexpected, and it suggests
that unaccounted-for patient, donor, or center characteristics affect these outcomes. One
potential explanation is that when there is 1 transplant center per DSA, the transplant center
will have all the patients on the list and can turn down an organ for a patient higher on the
list if there is the perception of better donor and recipient matching with a patient further
down the list without any concern about losing the organ for transplantation to a competitive
center. When there are multiple transplant centers per DSA, if a center declines an offer for
a patient, this may lead to a competitor using the organ and result in an incremental decrease
in the number of transplants at the first center. This ability for a center without competition
to match donor and recipient characteristics may be reflected in an unmeasured donor-
recipient interaction term that affects patient and graft survival.
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The presented findings suggest an association between competition (as measured by the
HHI) and certain characteristics of patients who are listed and undergo transplantation
within a DSA. This does not prove that competition causes the effect but proves only that
there is a relationship.

Our finding that the adjusted patient and graft survival rates are lower in DSAs with more
competition may be confounded by a number of factors, such as unmeasured donor and
recipient characteristics, interactions between donor and recipient characteristics, and
differences in medical care.

Competition between liver transplant centers may be looked at in both positive and negative
lights. One positive aspect is that competition is associated with increased patient access for
sicker patients, who derive the greatest benefit from transplantation. According to the
listings per million population, there also appears to be greater access for patients in these
DSAs to transplantation. Another positive aspect is that there appears to be increased
utilization of higher risk organs by centers in competitive DSAs. Because higher risk organs
continued to be discarded in the United States, this usage can be viewed as positive. A
negative aspect is that transplantation for higher risk patients and the use of higher risk
organs are associated with higher costs, and there is the question whether competition
decreases the ability of a center to better match donor and recipient characteristics. Where
the correct balance of these positive and negative effects of competition lies is unclear.
Competition has been advocated as important for bettering market performance, but these
findings suggest that there may be limits to the value of competition in the health care
setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HHI distribution by DSAs and competitive groupings. The HHI (scaled) was calculated for

each DSA. Competitive groups were designated as no competition or as low, mid, or high
competition (by HHI tertile) for comparison.
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Comparison of (A) observed graft survival and (B) observed patient survival after liver

transplantation by the HHI level.
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