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ABSTRACT

Background: There are over 250 kidney transplant programs in the USA. 

Objective: To determine if highly competitive regions, defined as regions with a higher number of trans-
plant centers, will approve and wait-list more end-stage renal disease (ESRD) candidates for transplant 
despite consistent incidence and prevalence of ESRD nationwide.

Methods: ESRD Network and OPTN data completed in 2011 were obtained from all transplant centers 
including listing data, market saturation, market share, organs transplanted, and ESRD prevalence. Her-
findahl-Hirschman Index (HHI) was used to measure the size of firms in relation to the industry to deter-
mine the amount of competition.

Results: States were separated into 3 groups (HHI<1000 considered competitive; HHI 1000–1800 con-
sidered moderate competition; and HHI>1800 considered highly concentrated). The percentage of ESRD 
patients listed in competitive, moderate, and highly concentrated regions were 19.73%, 17.02%, and 
13.75%, respectively. The ESRD listing difference between competitive versus highly concentrated was 
significant (p<0.05).

Conclusion: When there is strong competition without a dominant center as defined by the HHI, the entire 
state tends to list more patients for transplant to drive up their own center’s market share. Our analysis 
of the available national data suggests a discrepancy in access for ESRD patient to transplantation due to 
transplant center competition.
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INTRODUCTION

The shortage of donor kidneys and the 
growing waiting lists have long been 
unsolved problems in transplanta-

tion [1, 2]. The allocation of these organs has 
consequently been a clinical and ethical chal-

lenge that has yet to see a perfect solution. In 
the US, there are over 250 kidney transplant 
programs grouped geographically by adjacent 
states into 11 organ donation regions to pro-
mote sharing of deceased donor kidneys [3]. 
The Organ Procurement Transplant Network 
(OPTN) has enacted several iterations of the 
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Final Rule since 2000 in an attempt to provide 
better and more efficient allocation [4-6].

We hypothesize that highly competitive re-

gions tend to approve and wait-list more end-
stage renal disease (ESRD) candidates for 
transplant despite consistent incidence and 
prevalence of ESRD nationwide. To assess 

Table 1: Competition by HHI within UNOS regions

Region State Numbers of centers HHI

1 ME, NH, MA, CT, RI 14 854

2 NJ, PA, DE, MD, DC, WV 34 594

3 AL, AR, FL, GA, LA, MS, PR 26 732

4 OK, TX 31 722

5 AZ, CA, NV, NM, UT 37 642

6 AK, HI, ID, MT, OR, WA 10 1319

7 IL, MN, ND, SD, WI 22 941

8 CO, IA, KS, MO, NE, WY 21 1019

9 NY, VT 16 1089

10 IN, OH, MI 24 886

11 KY, NC, SC, TN, VA 24 651

Figure 1: Competition by HHI within states
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the competitiveness of transplant markets, 
the Herfindahl-Hirschman Index (HHI) has 
been utilized to assess for market competi-
tiveness, including within the health care in-
dustry [7-9]. We applied this index as part of 
our efforts to evaluate the available public data 
from all transplant centers, including listing 
data, market saturation, market share, organs 
transplanted, and ESRD prevalence to evalu-
ate if highly competitive states will have dif-
ferent rates of recipient listing for deceased 
donor renal transplants in the US.

MATERIALS AND METHODS

Data Sources
ESRD prevalence was obtained through avail-
able published data from the ESRD Network 
Programs through Centers for Medicare and 
Medicaid Services (CMS). Data through 2010 
were available and utilized.  The available 
public data from all transplant centers in the 
USA including listing data and numbers of 
organs transplanted were obtained through 
the OPTN and the United Network of Organ 
Sharing (UNOS) [3]. For purposes of compar-
ison, data from 2011 were utilized for calcula-
tion. Information from these sources was uti-
lized to determine percentage of patients with 
ESRD listed for renal transplantation and to 
determine market share for deceased donor 
kidney transplants.

Herfindahl-Hirschman Index
The HHI is a commonly accepted standard of 
economic measure of market competition and 
concentration [7-9]. The index is calculated 
by the squaring the market share of each cen-
ter competing in a market or region, and then 
summing the resulting numbers:

� 

HHI = si
2

i=1

N

∑
The range for HHI is 0 to 10,000. An index 
of <100 denotes a highly competitive mar-
ket, while an index of <1500 suggests a non-
concentrated, competitive market. An HHI 
between 1500 and 2500 indicates moderate 
concentration and an index of >2500 suggests 
high concentration. An index of 10,000 de-

notes a monopoly or single dominant center.

RESULTS

Competition of Centers Within UNOS 
Regions
The HHI was applied and calculated for the 11 
UNOS regions (Table 1). The resulting HHI 
for these regions ranged from 594 to 1319. As 
indices in all regions were <1500, all UNOS 
regions were contained competitive markets. 
No region had indication of a dominant center 
or concentration.

Competition of Centers Within States
The HHI was applied to centers within a given 
state. All 50 states and one territory (Puerto 
Rico) could be grouped into non-concentrated 
competitive (HHI<1500), moderately concen-
trated (1500≤HHI≤2500), highly concen-
trated (HHI>2500), or single-center (HHI 
10,000) markets for transplant centers (Fig 1). 
Eleven states and one territory (Puerto Rico) 
were single-center markets. Twenty-three 
states were categorized as highly concentrated 
markets. Eight states were found to be mod-
erately competitive markets, while five states 
were non-concentrated competitive systems. 
These groups were utilized for purposes of 
subsequent comparison.

Comparison of Listing of Patients
States were grouped based on HHI, and per-
centage of ESRD patients listed for kidney 
transplant and of patients receiving deceased 
donor kidney transplants were determined 
for each state (Tables 2–5). When comparing 
states based on these four groups, with increas-
ing competition and decreasing concentration 
of centers, an increasing number of transplant 
centers was observed. States with HHI <1500, 
denoting high competition and low concentra-
tion, had an average of 18.2 transplant centers 
per state. In comparison, moderately concen-
trated states and highly concentrated states 
had an average of 8.7 and 3.9 centers per 
state, respectively. States with high competi-
tion and HHI <1500 had an average percent-
age of ESRD patients listed for transplant of 
22.5%. In comparison, states that were moder-
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ately competitive or highly competitive listed 
15.2% and 15.9% of patients, respectively. Sin-
gle-center states listed an average of 9.7% of 
patients. These differences were statistically 
significant (Table 6). In terms of percentage 
of ESRD patients transplanted with deceased 
donor kidneys, in competitive, moderately 
concentrated, and highly concentrated states, 
the average percentage of patients transplant-
ed was similar at 2.1%. In single-center states, 
the percentage appeared to be slightly lower at 
1.4%, but this was not statistically significant.

DISCUSSION

In the USA, transplantation has always been 
considered a top-tier medical and surgical ser-
vice line for a hospital. The ability to treat end-
organ failure with organ replacement therapy, 
in some investigative cases successfully even 
without immunosuppression, remains on the 

cutting edge of medicine [10, 11]. Transplan-
tation brings the most medically complex pa-
tients for care to a hospital, generating sig-
nificant immediate and downstream revenue. 
Because of the need for sustainability in any 
medical system in a free market, service lines 
that are revenue generators are considered to 
be highly desirable. Consequently, transplan-
tation programs continue to try to expand de-
spite being in a supply limited market space. It 
is clear that there exists significant competi-
tion among the transplant centers for the mar-
ket share.

As the prevalence of ESRD increases, there 
has been a parallel increase in the size of the 
deceased-donor kidney transplantation wait-
list [12]. Kidney transplantation is the treat-
ment of choice for these patients for survival, 
quality of life and costs [13]. The number of 
patients listing for kidney transplantation is 
increasing but at a seemingly disproportion-

Table 3: ESRD patients listed and transplanted HHI 1500–2500

State HHI Number of centers Average market 
share/center %ESRD listed %ESRD transplanted

IL 2250 9 11.1 16.6 1.3

TN 2148 9 11.8 18.1 2.5

OH 1778 11 9.1 12.3 1.6

VA 2155 6 16.7 17.9 1.9

WA 2342 5 20 16.9 2.5

MI 2298 10 10 12.2 1.6

NC 2253 5 20 17.1 3.2

FL 1834 11 9.1 10.4 2.3

Average 2132.3 8.3 13.5 15.2 2.1

Table 2: ESRD patients listed and transplanted, HHI <1500

State HHI Number of centers Average market 
share/center %ESRD listed %ESRD transplanted

MA 1250 9 11.1 20.2 2.4

PA 996 18 5.56 26.6 2.7

TX 857 25 4.2 20.1 1.7

CA 957 23 4.3 24.9 1.7

NY 1154 16 6.7 20.9 1.8

Average 1042.8 18.2 6.4 22.5 2.1

P. S. Cho, R. F. Saidi, et al
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ate rate than the prevalence of ESRD patients 
on renal replacement therapy. One strategy 
utilized to address the critical shortage of 
kidneys for transplantation is the expansion 
of the deceased donor kidney pool to include 
those kidneys which might have been deemed 
unsuitable for use in the past [14-17]. Despite 
all these strategies, the number of organs 
available and kidney transplantations has been 
stagnant, if not declining in the past few years 
[2, 18].

Patients with ESRD from one area of the USA 

can be evaluated and may be listed in multiple 
regions in the country. Such activity has raised 
concerns about equity to access for transplan-
tation. Moreover, in recent years, high-profile 
patients with end-stage organ disease research 
where they may get an organ “faster” and sub-
sequently travel to those centers to obtain an 
organ transplant [19]. Incidences of this prac-
tice has further fueled the call for reevaluation 
of the fairness and transparency of organ al-
locations practices nationwide.

These revelations are not new, as this “gaming” 

Table 4: ESRD patients listed and transplanted, HHI >2500

State HHI Number of centers Average market 
share/center %ESRD listed %ESRD transplanted

CT 5805 2 50 18.9 1.8

NJ 3022 6 20 17.3 1.4

DE 7066 2 50 21.9 0.9

DC 4321 5 20 43.3 5.2

MD 5000 2 50 13.7 2.1

AR 4248 3 33.3 3.2 1.8

GA 3310 5 20 15.4 1.4

OK 3458 6 16.7 9.9 1.9

AZ 3652 7 14.3 15.1 1.7

NM 5053 2 50 10.7 1.6

UT 4822 4 25 13.5 2.7

OR 3946 3 33.3 14.7 2.2

ND 5823 2 50 12.3 1.7

SD 3746 2 50 19.2 1.5

WI 4614 4 25 17 2.4

CO 3801 4 25 27.1 2.9

IA 3679 4 25 11.9 2.4

KS 6553 2 50 12.5 2.4

MO 3520 10 10 11.5 2.5

IN 6290 3 33.3 10.9 1.5

LA 4234 4 25 13.8 2

KY 4943 3 33.3 7.9 2.1

MN 3123 5 20 24.3 2.1

Average 4524.2 3.9 31.7 15.9 2.1

Kidney Transplantation and Competition
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of the system has been noted previously prior 
to the enactment of regulations, specifically in 
regards to the allocation of heart and liver al-
lografts [20, 21]. Prior to the enactment of the 
Final Rule in 2000, gaming and its relation 
cardiac transplant listing were evaluated. In 
this particular report, increased competition 
between centers resulted in increased number 
of patients being listed in the most severe cat-
egory. Following the enactment of new regu-
lations, this effect was mitigated. Nonetheless, 
this emphasizes the need for ongoing monitor-
ing and perhaps utilizing and enforcing sanc-
tions in the future to discourage this gaming 
the system for transplantation.

Similarly, concerns are being raised in regards 
to renal transplantation competition as the 
number or wait-list recipients and the number 
of transplant programs have increased while 
donor supply remains stable [18, 22]. As each 
program mandates growth in clinical volume 
to remain profitable or solvent in today’s high-
ly contentious medical economy, each center 
must strategize to assess their opportunities 
for growth.  However, confined by the current 
allocation scheme and a stable organ supply 
model, the distribution of organs favors those 
centers with larger wait-lists. The larger wait-
ing lists statistically will draw more organs 
for the individual transplant center when 
UNOS generates a recipient list for an avail-
able organ. The increasing number of patients 
on waiting lists further speaks to the aggres-
siveness of a center and potentially transplan-
tation of less than ideal candidates [23].

Competition analysis in economics in medical 
care is also not a new phenomenon. In 1933, 
statistician Horace Secrist construed the the-
ory of organizational mediocrity where it par-
allels the concept of regression to the mean. 
Whenever competition increases in a market 
segment, volume changes can be favorable for 
some while adversely affecting others in the 
short-term. However, there is a very predict-
able regression back to the status quo prior to 
the perturbation that can be observed. This 
has been observed in transplantation competi-
tion when in Region I of UNOS as a change in 
transplant leadership consistently led to a cen-
ter increasing their clinical kidney transplant 
volume in a short time. However, the clinical 
volume returned to a stable equilibrium with-
in 24 months [24]. Although this analysis was 

Table 5: ESRD patients listed and transplanted 
HHI 10,000 (Single-Center)

State %ESRD 
listed

% ESRD trans-
planted

ME 6.1 1.2

NH 7 1.7

RI 14.1 1.5

WV 4.5 1

AL 32.9 1.5

MS 1.4 0.5

PR 6.8 1.2

NV 2.3 1.2

HI 11.3 1.1

VT 11.9 3.5

NE 9.5 4.6

SC 8.6 1.4

Average 9.7 1.7

Table 6: Comparison of Listing and Transplantation

Parameter Competitive Moderately 
concentrated

Highly con-
centrated Single center

HHI <1500 1500–2500 >2500 10,000

Number of state 5 8 23 12

Average number of transplant centers 18.2 8.7 3.9 1

Average % ESRD patients listed 22.5 15.2 15.9 9.7

Average % ESRD patients transplanted 
with DD kidneys 2.1 2.1 2.1 1.4

P. S. Cho, R. F. Saidi, et al
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not designed to answer whether competition 
itself leads to overall increases in volume or 
demand in a cohort of competing programs, 
it begs the question of whether competition 
amongst centers impacts listing of patients 
to durably increase the overall transplant vol-
ume.

The goal of our study was to determine 
whether listing for kidney transplantation in 
the setting of competition results in an overall 
increase, specifically whether these economic 
pressures indirectly medical decision-making. 
In an era of increasing regulatory and govern-
ing bodies in transplantation in the US, the 
CMS has mandated protocols and policies for 
determining the eligibility criteria for patient 
listing with UNOS [25]. Although there are 
general medical guidelines for transplant 
eligibility as determined by evidence-based 
medicine, the CMS mandate does not call 
for national uniformity, but only center spe-
cific protocols. Against common wisdom, this 
variability allows the patients with ESRD to 
be listed at one transplant center while their 
same medical comorbidities may exclude them 
from another.  

The HHI is a measure of competition among 
players in a particular industry or market. It is 
a commonly accepted measure of market con-
centration and the US Department of Justice 
uses the HHI for evaluating mergers and an-
titrust concerns [26]. The application of the 
HHI to transplant centers within states pro-
vides a novel perspective to health care com-
petition. Our results indicate that when a com-
petitive market exists in which there are many 
centers in competition and without a dominant 
center, a higher percentage of patients tend to 
be listed for transplant. However, despite this 
difference, the percentage of ESRD patients 
receiving deceased donor transplants as a re-
sult of these lists was not different despite the 
competitiveness of the market for these or-
gans. Centers in such areas may increase the 
size of waiting lists in order to drive clinical 
volume and to maintain competitiveness in se-
curing a limited resource.

This difference observed suggests a discrep-

ancy in access of ESRD patients and their abil-
ity to be listed for transplantation as a result 
of center competition. Therefore, this raises 
concern of inequitable access to the possibility 
of renal transplantation for ESRD patients na-
tionwide, as patients in less competitive mar-
kets seem less likely to be considered for trans-
plantation. Our study, using available public 
data and standard methodology for assessing 
market competition, provides a preliminary 
suggestion that there may be a geographic in-
equity to access to renal transplantation. With 
different rates of ESRD patients being wait-
listed for transplant and relatively similar in-
cidences of ESRD across states, it seems that 
more candidates are being considered in com-
petitive markets. This raises concern that this 
may not be an effective allocation of a limited 
resource, as it may exclude patients who may 
derive greater long-term benefit from trans-
plantation. Such economic factors may ulti-
mately affect costs of health care delivery and 
thus merit consideration when balanced with 
short-term costs of center competition.

The intent of our study was to identify wheth-
er a standard methodology to access competi-
tion in market competition can be applied to 
renal transplantation to show a difference rate 
of listing of ESRD patients for transplanta-
tion. Our study combined competition indices 
based on states, and recognizing that there 
are significant differences by donor service 
area (DSA) within or across each state. Under-
standably, patient flows to transplant centers 
do not stop at state lines as they can be listed 
at multiple centers across the USA. While the 
use of states is arbitrary, it is the only publi-
cally available data on ESRD prevalence that 
is accessible through the ESRD networks pro-
grams and that data are confined by states 
with access of prevalence by state population 
data. We also recognized that a potential pit-
fall of our initial observation was that the data 
were not adjusted for demographic differences 
in the ESRD population and presenting unad-
justed data might be misleading. However, we 
were not evaluating this based on demograph-
ics but rather the percentage of patients with 
ESRD observed a defined population area that 
was listed. We observed a difference in list-

Kidney Transplantation and Competition
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ing rate as it correlated to how strong market 
competition was for that area.  

It may also be useful to look at differences in 
patient characteristics as a function of compe-
tition. Are centers in competitive regions list-
ing older, more marginal candidates? Do the 
single center (low competition) areas list only 
younger patients? However, that would call for 
a large multi-center collaborative study where 
specific recipient medical conditions can be 
retrospectively analyzed in detail. Further-
more, an evaluation of organ export from low 
competitive regions and whether center com-
petition increases aggressiveness for organ ac-
ceptance into high competitive areas may be 
necessary to understand the nature supply and 
demand that is beyond the scope of our study. 
These are unexplored areas of transplant mar-
ket competition that deserve future detailed 
collaborative analysis as one considers changes 
to allocation of a scare and rationed resource.

Scarcity will lead to competition. Competition 
can lead to many socially desirable outcomes 
such as more choices for the patients, lower 
prices and higher productivity. The transplant 
centers have to behave under pressures and in-
fluences of fiscal realities and human resource 
utilization. Since transplant centers must per-
form transplantation procedures at rates high 
enough to meet their fixed costs, and seek in-
cremental profits with each additional trans-
plant, each center must maximize measures 
that preserve their market share. The centers 
in competitive regions tried to list more pa-
tients to increase their chance to capture the 
limited organ supply.

Despite best intentions in establishing nation-
al guidelines for equity and justice for access 
to organ transplantation, effects of competi-
tion and medical economics are factors that 
may impact delivery of medical care. Although 
multiple centers in a geographic region may 
theoretically provide better access for patients, 
there may be unintended consequences affect-
ing waitlists and ultimately impacting a pa-
tient’s ability to receive a transplant. 
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