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Using a dataset of dialysis facilities operating in more than 1000 U.S. counties in 2007, I examine the product
choice of two types of firms: multiproduct dialysis facilities and single product dialysis facilities. I simulate the
effect of a Medicare policy proposal in 2008 which reduces the regulated price of a common product that is pro-
duced by both types. I find that the policy decreases the number of single product dialysis facilities but increases
the number of multiproduct facilities, holding patient behavior and provider cost structure constant. I also find
strong evidence for market segmentation between single product and multiproduct dialysis facilities.
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1. Introduction

Price regulation is pervasive in many industries, especially in health
care. Since the 1980s, Medicare, the largest buyer of health care services
in the United States, has paid a fixed rate (known as the Prospective
Payment System or PPS) per service treatment. Though it is possible
to implement efficient outcomes under fixed price regulation (e.g. Ma,
1994), regulators and industry practitioners have been wrestling with
issues such as maintaining quality of care and controlling costs.

A large number of papers have documented how health care pro-
viders respond to various changes in PPS reimbursement policy and
have shown that fixed price regulation may distort provider incentives
and encourage rent seeking activities. While most studies have focused
on providers' response in terms of the intensivemargin (e.g. volume, in-
tensity of care and patient outcome), relatively little attention has been
directed at the extensive margin (i.e. how the reimbursement policy af-
fects the availability of medical treatment). In this paper, I investigate
how the set of providers and their services change in response to an

adjustment in the Medicare reimbursement rate in the out-patient
dialysis market.

Dialysis is the major treatment for the more than 630,000 patients
who suffer from End Stage Renal Disease (ESRD).Medicare, the primary
buyer of dialysis therapy, spent 8.6 billion dollars on the treatment and
medication of dialysis patients in 2007.2,3 Among the dialysis popula-
tion, most patients receive hemodialysis (HD). The treatment requires
patients to visit a dialysis facility three times a week for a total of 9 to
12 h. Alternatively, peritoneal dialysis (PD) is usually done by the pa-
tient at home every day and requires only a monthly visit to a dialysis
facility for maintenance.4 Given the popularity of HD, virtually all dialy-
sis facilities in the U.S. provide HD while 44% of dialysis facilities also
provide PD in addition to HD. Overall, single product HD dialysis facili-
ties and multiproduct dialysis facilities with both PD and HD account
for 97% of all dialysis centers in the U.S.5 Though there are relatively
fewer PD patients, the lack of access to PD in somemarkets could signif-
icantly affect patients' welfare if PD is highly valued.6 Studying the
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E-mail address: md598@drexel.edu.
1 Tel.: +1 215 895 2536; fax: +1 215 895 6975.

2 Medicare provides coverage to all ESRD patients regardless of age.
3 Source: Medicare Payment Advisory Commission's March Report to Congress 2009.
4 Under HD, a patient's blood is removed from the body and filtered through a dialyzer

(aman-mademembrane) before being returned to the bodywhile PD uses themembrane
inside the patient's own abdomen (peritoneum) to remove the waste from the body.
Details of the treatments are introduced in Section 2.

5 Only 3% of dialysis units are singlemodality home dialysis centers which provide sup-
port and training to peritoneal dialysis patients.

6 Many studies in the medical literature have documented that a patient's choice of di-
alysis modality is primarily driven by horizontal preferences (e.g. the ease of scheduling
and maintaining current life style) rather than dialysis outcome (e.g. survival). See
Johansen (2011) for a summary of key findings in several studies.
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provision of dialysis modality is one important step in understanding
the welfare implication of competitive modality supply in the dialysis
market.

From theperspective of regulators, understanding the supply of dial-
ysis modality also helps address the motivation behind recent reforms
in the Medicare dialysis payment system, namely, to control cost with-
out compromising quality. In the past decade, increasing Medicare ex-
penditure on dialysis, primarily driven by the profit incentive from
using in-center HD, has received significant policy attention. As shown
by Fig. 1, the average per patient per year Medicare expenditure is
much higher and increases more steeply among HD patients than PD
patients. The separately billable services associated with using HD are
partly responsible for this phenomenon.

Under the current Medicare reimbursement system, dialysis pro-
viders are paid a fixed composite rate regardless of modality for three
dialysis treatments per week. Additionally, providers can also receive
Medicare reimbursements for separately billable services that are
furnished during the in-center HD sessions (e.g. injectable drugs such
as Epogen, vitamin D, and iron). The separately billable services repre-
sent about 40% of total Medicare payments per dialysis treatment ses-
sion and have become an important revenue source for dialysis
facilities.

In order to contain cost and promote the usage of home dialysis
whenever appropriate, Medicare proposed a new expanded payment
system that removes the drug revenue incentive from the dialysis mo-
dality selection in 2008.7,8 Under the new system, separately billable
drugs are incorporated into a new bundled payment. This effectively

reduces the markup for HD, which is currently offered by both single
product and multiproduct dialysis firms.9

The goal of this paper is to evaluate possible consequences of the
price reduction in HD. Particularly, what is the impact of lowering the
regulated price on the entry and exit decisions of dialysis facilities?
How does the impact differ across markets? Does the new policy pro-
mote the availability of PD? The answers to these questions will be im-
portant to the ongoing policy debate and will provide useful insights
into competitive conduct in dialysis markets and more generally the
effectiveness of fixed-price regulation.

While a lower regulated price may decrease the profitability of sin-
gle product dialysis providers and induce exit, the effect on multiprod-
uct providers is ambiguous. On the one hand, the declining margin for
treating HD patients lowers the profitability of multiproduct dialysis
units. On the other hand, the exit of single product dialysis providers re-
duces the intensity of competition faced by themultiproduct providers.
Overall, wemay expect either an increase or a decrease in thenumber of
multiproduct providers depending on which effect dominates.

I estimate an endogenous product type choice model by exploiting
the differences between single modality dialysis units and dual-
modality dialysis units. Though one can answer similar questions
using a diff-in-diff approach, the new reimbursement rule has been in
effect since 2011 and the full implementation is expected to be complet-
ed in 2014. The entry and exit of the dialysis facilities as a result of the
new rule may take place over a longer time horizon. In mymodel, a di-
alysis facility will enter the market if the variable profit is large enough
to cover the fixed entry cost. In the meantime, dialysis facilities antici-
pate competition and choose which modality mix to offer, knowing
that the margin declines faster with the presence of competitors who
offer the samemodalitymix. Using these estimates, I simulate the coun-
terfactual modality distribution following the policy proposal in 2008,
assuming that patient behavior and provider cost structure don't
change in response to the implementation of the new policy.10

I find that the competition is much more intense among dialysis fa-
cilities who offer the same mix of modalities. For example, in a market
that could sustain two dialysis firms, if the incumbent is a single modal-
ity dialysis unit, the next entrant is much more likely to be a dual-
modality unit and vice versa. The estimates imply that it is unprofitable
for a dual-modality dialysis facility to offer PD in an average market,
which is consistent with the casual observation that only 3% of the
dialysis units are single modality PD facilities in the U.S.

Holding patient behavior and dialysis provider cost structure
constant, I show that the new reimbursement policy, which reduces
margins for both single product andmultiproduct dialysis units, will in-
crease the number of multiproduct dialysis units. This is because the re-
duction in the margin on HD has a stronger effect on single product
units and induces exit. The exit of single product dialysis units relaxes
the competitive pressure faced by multiproduct units. The effect of the
reduced competition dominates, makingmultiproduct firmsmore prof-
itable and eventually attracts the entry of multiproduct firms. However,
the number of single product facilities that exit is greater than the num-
ber of entrants, so the total number of dialysis facilities will decrease. I
findnoevidence that the new reimbursement policy promotes PD avail-
ability. Though there is an increase in PD penetration through the grow-
ing number of multiproduct dialysis units, there is no change in the
number of markets without PD.11 Thus the policy goal of increasing
the accessibility of peritoneal dialysis cannot be achieved.
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Fig. 1. Medicare expenditure on ESRD patients. Note: HD represents the average per pa-
tient per year expenditure among hemodialysis patients and PD represents the average
per patient expenditure among peritoneal dialysis patients.39

Source: USRDS 2009 Annual Report, Volume 2, Chapter 11.
39 The data reported here have been supplied by the United States Renal Data System
(USRDS). The interpretation and reporting of these data are the responsibility of the
author(s) and in no way should be seen as an official policy or interpretation of the U.S.
government.

7 The new payment proposal was released on Feb 20, 2008 through “Report to Con-
gress: A Design for a Bundled End Stage Renal Disease Prospective Payment System” as re-
quired by the Medicare Prescription Drug, Improvement, and Modernization Act of 2003.
The proposal can be downloaded at http://www.cms.gov/Medicare/End-Stage-Renal-
Disease/ESRDGeneralInformation/downloads//ESRDReportToCongress.pdf.

8 Low PD utilization generates significant concerns and in 2008, CMS issued a new rule
aiming at encouraging home dialysis. Specifically, the new rule requires a plan for each pa-
tient's home dialysis treatments or explanation why the patient is not a candidate for
home dialysis. Source: Government Accountability Office (GAO) Report to Congressional
Committees “End-Stage Renal Disease: Although Cost of Home Dialysis Will Be Included
in Bundled Payment, CMS Should Monitor Effect on Home Dialysis Utilization Rates,”
May 2009, GAO-09-537.

9 In this paper, I use the term single product firm to refer to the single modality HD fa-
cility and use the termmultiproduct firm to refer to the dialysis facility who offers both PD
andHD. In Sections 4 and 5,weexplainwhy single product PD is not an active choice of the
firm.
10 Section 5.3.3 briefly discusses the possibility that the policy alters a consumer's pref-
erence over dialysis modality.
11 Since PD is offered only in multiproduct dialysis facilities, a market without PD refers
to a market without the presence of multiproduct firms.
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