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Abstract

Different Multi-hospital Types and Their Association with
Pricing of Cardiac and Cancer Surgeries

Multi-hospital systems and networks have become increasingly prevalent in the
United States. 3,100 US-based community hospitals, accounting for 62% of all US-based
community hospitals, are affiliated members of a health system, and 1,508 hospitals, or
30.17% of US-based community hospitals, are affiliated with a health network in 2014.

There are two main rationales behind the proliferation of health systems and
networks in the US. One reason is a procompetitive efficiency gain from health systems
and networks. Systems/networks can enhance efficiency in health care delivery and
promote competition by enabling participants to pool expensive medical devices for
attaining economies of scale or scope in health care delivery. The other reason is
enhanced market power from health systems/network affiliations. Hospital systems and
networks can harm competition by leveraging their market power to raise the price of
care. The overall competitive effect of hospital systems and networks is an empirical
question.

The first essay explores the effects of different types of health system affiliation
on pricing of cardiac and cancer surgeries. The second essay examines the price effects of
different types of health system formations rather than affiliations on cardiac procedures.
The third essay investigates whether the Antitrust Statements on hospital mergers and
acquisitions can screen a potentially anticompetitive health system formation, using the
new market definition (primary service area) proposed regarding accountable care

organizations (ACOs).



The results of the first essay suggest that procompetitive effects of health system
affiliation tend to dominate anticompetitive effects in less centralized health systems and
that anticompetitive effects of health system affiliation tend to dominate procompetitive
effects in more centralized health systems. The findings of the second essay suggest that
a highly centralized health system formation is more likely to raise the negotiated price of
cardiac surgery than that of a less centralized health system formation. The results of the
third essay show that a potentially anticompetitive hospital consolidation was exempt
from comprehensive antitrust review under the current Antitrust Statements on hospital
mergers and acquisitions, and this can be interpreted that current antitrust safety zone

rules may be too broadly determined to promote efficiency in health care delivery.
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Essay 1: Does Health System Affiliation Lead to Lower Negotiated Hospital Price?
Systemic Differences in Price Effects across Health System Types
for Selected Cardiac and Cancer surgeries



1. Introduction

Proliferation of hospital systems and networks in the US

The health care sector in the United States has been in a process of transformation for
more than three decades (Bazzoli, Dynan, Burns, & Yap, 2004; Gaynor & Haas-Wilson,
1999; Lesser & Ginsburg, 2000). Health care providers, including hospitals, physician
groups, and insurance plans, have created complex inter-organizational relationships
within health systems and networks (Bazzoli, Manheim, & Waters, 2003; Luke, Ozcan,
& Olden, 1995; J. Reardon & Reardon, 1995; Shortell, Bazzoli, Dubbs, & Kralovec, 2000;
Shortell, 2000). Multi-hospital systems and networks have become increasingly prevalent
in the United States.® Currently 3,100 US-based community hospitals, accounting for 62%
of all US-based community hospitals, are affiliated members of a health system (See
table 1.1).2 The number of network-affiliated hospitals has also been steadily increasing;
in 2014, 1,508 hospitals, or 30.17% of US-based community hospitals, are affiliated with
a health network (American Hospital Association, 2014).

In the 1980s, horizontal hospital consolidations such as mergers and acquisition
frequently took place whereas in the 1990s both horizontal and vertical integrations, such
as Independent Physicians Association (IPA) and Physician Hospital Organization (PHO),

occurred among health care providers (Bazzoli, Dynan, Burns, & Yap, 2004). More

! Both the health systems and networks are examples of inter-organizational relationships among individual
health care providers. A health system is an inter-organizational consolidation of health organizations—
notably, hospitals—that provides a diverse range of health services. A health networks is instead an inter-
organizational collaboration among health care providers and incorporates not only hospitals, but also other
health care providers. Common ownership among health systems and contractual relationships among
health networks differentiate themselves from each other (Bazzoli et al., 1999).

2 According to American Hospital Association (AHA), the definition of community hospitals is “all
nonfederal, short-term general, and other special hospitals. Other special hospitals include obstetrics and
gynecology; eye, ear, nose, and throat; rehabilitation; orthopedic; and other individually described specialty
services. Community hospitals include academic medical centers or other teaching hospitals if they are
nonfederal short-term hospitals. Excluded are hospitals not accessible by the general public, such as prison
hospitals or college infirmaries” (AHA, 2014).



recently, integrated delivery systems (IDS) have been developed among health care
providers, and accountable care organizations (ACOs), ranging in form from that of the
IPA to that of IDS, have started to proliferate in the US (Shortell, Casalino, & Fisher,

2010).

Table 1.1 Number of Hospital Systems and Networks in the US

2000 2002 2004 2006 2014

Multi-Hospital Systems:
# of systems 296 299 330 342 n.a.
# of hospitals 2,382 2,400 2,420 2,436 3,100

% of US community hospitals 48.50% 48.70% 52.40% 52.90% 62.01%

Multi-Hospital Networks:

# of networks n.a. n.a. n.a. n.a. n.a.
# of hospitals 1,285 1,284 1,386 1,440 1,508
% of US community hospitals 26.10% 26.10% 30.00% 31.30% 30.17%

Source: Bazzoli (2009). Models and Performance of Multi-Hospital Systems and Networks in
the US. American Hospital Association (2015). Fast Facts on US Hospitals.

Among the many possible reasons, there are two main rationales behind the
proliferation of health systems and networks in the US. One reason is a procompetitive
efficiency gain from health systems and networks. Systems/networks can enhance
efficiency in health care delivery and promote competition by enabling participants to
pool expensive medical devices for attaining economies of scale or scope in health care
delivery and other administrative activities. The American Hospital Association (1992)
has urged hospitals to collaborate with each other to improve the efficiency of care and
constrain the cost of care.

The other reason is enhanced market power from health systems/network
affiliations. Hospital systems and networks can harm competition by leveraging their
market power to raise the price of care. Major hospital systems and networks incorporate

so-called “must-have” hospitals in each hospital referral region and leverage local market
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power against insurance companies. Karen Ignagni, the president of America’s Health
Insurance Plans (AHIP), said “the rhetoric is all about efficiency, but the reality is all
about higher prices” (Creswell & Abelson, 2013). Hence, the overall competitive effect

of hospital systems and networks is an empirical question.

Specific Aim of the Study

This study aims to explore the price effects of health system and network affiliation for
selected cardiac and cancer surgeries as well as to evaluate the effects of different types
of health system affiliation on pricing of cardiac and cancer surgeries. Although a number
of empirical studies have investigated the pricing of cardiac surgeries, there is a paucity
of research on the pricing of cancer surgeries compared to cardiac procedures, such as
percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG).

In 2013, the Centers for Medicare and Medicaid Services (CMS, 2013) identified
the 100 most frequent inpatient services and 30 most frequent outpatient services for
Medicare providers, and the report revealed the wide variation in “list” prices across
hospitals. Hospitals’ list prices for each procedure differ across each insurer contracting
with that hospital, so the variation in list prices is tremendous (KIiff & Keating, 2013).
Most private insurers and Medicare do not pay the full list price charge, so list price is not
a systematic proxy for actual payment and not relevant to the majority of consumers
(Ginsburg, 2010). In addition, hospitals that contract with Medicare receive payments
according to predetermined prospective payment rates, which do not allow for a wide

variation among providers (Centers for Medicare and Medicaid Services, 2013).



Different from Medicare, private insurers pay providers based on negotiated
payment rates determined via provider—insurer bargaining (Reinhardt, 2006). Hospitals
negotiate payment rates for each procedure with each insurer once a year, leading to a
substantial variation in reimbursement rates across insurers (Sorensen, 2003). No matter
how great a hospital’s list prices are, the transaction prices that the hospital actually
receives are determined by annual negotiations between hospitals and insurers. Hence,
transaction prices are a better measure for true prices of private health care services, and
this study explores private insurers’ cardiac and cancer procedure pricing to analyze the
price effect of health system/network affiliation. The specific aim of this essay is

following:

Specific Aim: analyze the systemic differences in price effects of health system/network

affiliations across different cardiac and cancer surgeries

Policy Relevance of the Study

The Federal Trade Commission (FTC) and Department of Justice (DOJ) have been
keeping an eye on the formation of hospital systems and networks—not just to challenge
anticompetitive arrangements, but also to encourage procompetitive arrangements.
Traditionally, health care markets have been widely believed to be exempt from antitrust
enforcement compared to other markets in the US. Since the Supreme Court started to

interpret health care delivery by health providers as trade under the Sherman Act in 1975,

3 Although hospital rates are determined by payer—insurer negotiations, hospital rates in Maryland are
regulated by the Health Services Cost Review Commission (HSCRC), which is a state agency established
in 1971. The state of Maryland is the only state that regulates hospital rates for not only Medicare and
Medicaid, but also private insurers (Kilmer, 2010). A hospital charge for each hospital admission is
established by HSCRC by controlling patients’ risks for a specific hospital (Kastor, and Adashi, 2011).
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the FTC and DOJ have challenged potentially harmful hospital arrangements (Counts,
1976). From 1989 to 1993, eight hospital mergers out of more than 200 were challenged
by the FTC and DOJ due to the potential anticompetitive effects of those mergers
(Department of Justice and Federal Trade Commission, 1993). Most of the FTC’s and
DOJ’s efforts have been focused on hospital consolidations that include the centralization
of ownership of participating hospitals.

Since the 1990s, the FTC and DOJ have broadened their attention to include not
only hospital consolidation, but also hospital collaborations, which include contractual
arrangements among participating providers without common ownership. The first
Statements of Antitrust Enforcement Policy in Health Care were issued by the FTC and
DOJ in 1993, providing an antitrust safety zone where the rule of reason treatment* rather
than per se illegal were to be applied to physician networks with a sufficient sharing of
financial risks (Department of Justice and Federal Trade Commission, 1993). In the
revised 1994 guidelines, the FTC and DOJ enlarged the boundary of rule of reason
treatment to a broad range of provider networks with financial integration. The FTC and
DOJ again revised antitrust enforcement guidelines in 1996, applying the rule of reason
treatment to clinically integrated provider networks as well (Department of Justice and
Federal Trade Commission, 1996).

In the guidelines the concept of financial integration was defined as sharing

sufficient financial risk in delivering all of the jointly priced services (Department of

4 According to the DOJ (1996): “A rule of reason analysis determines whether the formation and operation
of the joint venture may have a substantial anticompetitive effect and, if so, whether that potential effect is
outweighed by any procompetitive efficiencies resulting from the joint venture. The rule of reason analysis
takes into account characteristics of the particular physician network joint venture, and the competitive
environment in which it operates, that bear on the venture’s likely effect on competition.” Although
antitrust agencies still can challenge any mergers and acquisitions under the rule of reason treatment,
expected probability of challenge significantly decreases under the rule of reason treatment.
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Justice and Federal Trade Commission, 1996). The guidelines included specific examples
of financial integration which can achieve this goal.® The financial integration was not
considered as a desired end itself, but a reliable proxy for sufficient integration to gain
efficiencies among providers. The clinical integration was briefly explained as “an active
and ongoing program to evaluate and modify practice patterns by the network’s physician
participants and create a high degree of interdependence and cooperation among the
physicians to control costs and ensure quality (Department of Justice and Federal Trade
Commission, 1996).”

Instead of giving more specific criteria of clinical integration which can guarantee
procompetitive effects, the FTC and DOJ leave enough flexibility to allow providers to
innovate their own way of clinical integration (Burke & Rosenbaum, 2010). However,
not so many provider networks relying solely on clinical integration were formed after
1996, and health care providers frequently asked about the sufficient degree of clinical
integration that FTC and DOJ evaluate as procompetitive (Leibenluft, 2011). Considering
limited empirical evidences analyze the competitive effects of financial and clinical
integrations within hospital systems and networks, findings of this study will contribute
to the discussion about appropriate level of financial and clinical integrations for
procompetitive hospital systems and networks.

More recently, the Patient Protection and Affordable Care Act dramatically

changed the policy environment for the health care provider relationship. Provider

5 The examples are following: “1) agreement to provide services to a health plan at a "capitated" rate; 2)
agreement to provide designated services or classes of services to a health plan for a predetermined
percentage of premium or revenue from the plan; 3) use of significant financial incentives for its physician
participants, as a group, to achieve specified cost-containment goals; 4) agreement to provide a complex or
extended course of treatment that requires the substantial coordination of care by physicians in different
specialties offering a complementary mix of services, for a fixed, predetermined payment, where the costs
of that course of treatment for any individual patient can vary greatly due to the individual patient’s
condition, the choice, complexity, or length of treatment, or other factors” (DOJ, 1996).
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collaboration for more clinical and financial integration has become another norm for
health care providers, and ACOs have created as a new model for integrated health
delivery systems. In 2011, considering the potential procompetitive gains, the FTC and
DOJ issued an antitrust enforcement statement that ACOs would be exempt from a
mandatory antitrust review due to the potential benefits of clinical and financial
integration (Federal Trade Commission and Department of Justice, 2011). As previously
mentioned, limited information is available on the competitive effects of clinical and
financial integration within health systems and networks. Critics of ACOs have charged
that proposals for ACOs often emphasize only the claimed benefits, instead of
considering the potential costs. Clinical and financial integration within the health system
and networks cannot be generalized to those of ACOs. However, the reason for
exempting a mandatory antitrust review for ACOs is the claimed precompetitive gains
from clinically and financially integrated ACOs. Hence, investigating the price effects of
health systems and networks that are clinically and financially integrated can contribute

to the antitrust discussion about ACOs.



2. Literature Review

This section provides a comprehensive discussion and summary of the existing studies on
health systems and networks. Three related groups of papers are discussed: the taxonomy
of health systems/networks, empirical findings related to the effects of health
system/network affiliations on hospital outcomes, and medical procedure pricing studies

using transaction prices.

Taxonomy of Hospital Systems/Networks

Since the 1980s, the US health care sector has undergone a massive restructuring of
organizational arrangements among health care providers (Conrad & Shortell, 1996).
Policymakers in antitrust and regulatory agencies have struggled to describe
responsibilities in those organizational arrangements (Shortell, Gillies, & Anderson,
1994). Although several case studies have focused on evolving health care organizations,
Bazzoli et al.’s (1999) taxonomy can be regarded as the only empirical classification of
health systems and networks. This taxonomy contributed to existing literature by
generating empirically testable hypotheses for rapidly evolving health care provider
consolidations and collaborations.

Three concepts from industrial organization economics and organizational theory
are adopted to identify different types of U.S. health care organizations—namely,
differentiation, integration, and centralization. Differentiation is defined as “selecting the
type and scope of services to offer’” among affiliated hospitals (Bazzoli et al., 1999).
Organizations with a high level of differentiation provide distinguished health care

services among member organizations whereas less differentiated organizations provide



more uniform services among member organizations. Integration is defined as “the
ability to pull the pieces together in order to maximize the value of the services provided”
(Bazzoli et al., 1999). Integration among participating organizations can be achieved
through either direct ownership or contractual relationships (Goldsmith, 1994; Robinson
& Casalino, 1996). Although common ownerships can lower transaction costs and
achieve economies of scale, contractual relationships can flexibly respond to changes in
local markets. Centralization is defined as the “degree of health care services provided
at the system/network level” (Bazzoli et al., 1999). Centralized organizations provide
most of their services at the system/network level whereas decentralized organizations
provide most services at the individual hospital level. Bazzoli et al. (1999) chose hospital
services, physician arrangements, and insurance products as key dimensions to be
evaluated based on the criteria of differentiation, integration, and centralization.

Bazzoli identified four types of health systems and networks using cluster
analysis, categorizing different groups for systems and networks® that share a comparable
degree of differentiation, integration, and centralization (Bazzoli et al., 1999). The first
cluster is the centralized health and physician-insurance system/network
(CHPIHS/N). These health systems and networks distinguish themselves from other
hospitals through their high-level centralization in hospital services, physician

arrangements, and insurance products. These health systems and networks are moderately

& Originally Bazzoli et al. (1999) identified five clusters for hospital systems—centralized health system
(CHS), centralized physician/insurance health system (CPIHS), moderately centralized health system
(MCHS), decentralized health system (DHS), and independent health system (IHS)—and four clusters for
hospital networks—centralized health network (CHN), moderately centralized health network (MCHN),
decentralized health network (DHN), and independent health network (IHN). CPIHS is slightly different
from CHS due to the lower degree of centralization in hospital services. CHS and CPIHS are often
consolidated into combined CHPIHS to conduct an empirical analysis of hospital systems (Bazzoli et al.,
1999; Chukmaitov et al., 2014).
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differentiated in hospital services and physician arrangements. Most centralized hospital
systems/networks are closely located with member hospitals in urban areas.

The second cluster is the moderately centralized health system/network
(MCHS/N). These hospital systems and networks show a moderate degree of
centralization; thus, hospital services, physician arrangements, and insurance products are
developed and delivered in both systems/networks and individual hospital settings.
Physician arrangements and insurance products in these systems and networks are
moderately differentiated among member hospitals, while hospital services are highly
differentiated. Compared to the centralized health systems/networks, these systems and
networks have a smaller number of affiliated hospitals and more widespread geographic
locations.

The third cluster is the decentralized health system/network (DHS/N). These
health systems and networks are widely decentralized in physician arrangements and
insurance products, but only moderately centralized in hospital services. Physician
arrangements and insurance products are developed and provided at the individual
hospital level. Furthermore, these health systems and networks are extensively
differentiated in hospital services, physician arrangements, and insurance products. A few
referrals are made among affiliated hospitals. The number of decentralized health
systems/networks is not large, but the number of affiliated hospitals is large for each
decentralized health system/network. These DHS-affiliated hospitals are located over
wide geographic locations.

The fourth cluster is the independent health system/network (IHS/N), whose

members have a low level of differentiation and centralization in hospital services,
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physician arrangements, and insurance products. Almost no referral is made among the
member hospitals, and many of these hospital systems/networks are positioned in
suburban areas with a small number of affiliated hospitals.

The main difference between hospital systems and networks is whether these
hospitals have centralized ownership (system) or contractual agreement (network) among
affiliated hospitals. Although categories of health systems and networks are similar,
health networks are characterized more by decentralization and differentiation in hospital
services and physician arrangements than health systems. Bazzoli et al. (1999) found that
health systems and networks are more distinguishable in terms of centralization and
differentiation than integration. This taxonomy of health systems/networks has been
included in the annual hospital survey conducted by the American Hospital Association

(AHA) and applied to various empirical studies on health systems and networks.

Effects of System/Network Affiliation on Hospital Qutcomes

While health systems and networks have rapidly become popular forms of health care
organizations in the US, many empirical evaluations of health systems and networks have
been conducted based on outcome measures such as financial performance, efficiency of

care, quality of care, and market power.

Financial Performance

The majority of empirical evaluations on health systems and networks have focused on
the effects of system or network affiliation on financial performance. VVarious measures
have been used to analyze the effects of health systems/networks on financial

performance, including operating margin (Cleverley, 1992; Dranove & Shanley, 1995;

12



Dranove, Durkac, & Shanley, 1996; Galloro & Piotrowski, 2002; Trinh, Begun, & Luke,
2010), average cost per admission or discharge (Bazzoli, Chan, Shortell, & D'Aunno,
2000; B. Chan, Feldman, & Manning, 1999; Dranove, Durkac, & Shanley, 1996; Trinh,
Begun, & Luke, 2010), return on equity (Bazzoli, Chan, Shortell, & D'Aunno, 2000;
Cleverley, 1992; Trinh, Begun, & Luke, 2010), total asset turnover (Bazzoli, Chan,
Shortell, & D'Aunno, 2000; Cleverley, 1992; Dranove & Lindrooth, 2003) and total
operation expense (Dranove & Lindrooth, 2003).

Most empirical investigations into the association between system/network
membership and financial performance have found that system/network affiliated
hospitals did not show better financial performance than non-system/network hospitals (B.
Chan, Feldman, & Manning, 1999; Clement, McCue, Luke, Bramble, & et al, 1997;
Cleverley, 1992; Dranove & Shanley, 1995; Dranove, Durkac, & Shanley, 1996; Dranove
& Lindrooth, 2003; Trinh, Begun, & Luke, 2010). However, Galloro and Piotrowski
(2002) showed that system/network-affiliated hospitals had higher operating margins
than out-of-system/-network hospitals.

Instead of comparing financial performance between system/network hospitals
and non-system/network hospitals, one study compared financial performance of health
systems with financial performance of health networks (Bazzoli, Chan, Shortell, &
D'Aunno, 2000). Hospital systems with common ownership were found to perform

financially better than hospital networks with contractual arrangements.
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Efficiency of Care
Several empirical studies have also analyzed the effects of system/network affiliation on
the efficiency of care (Carey, 2003; Ozcan & Luke, 1993; Rosko & Proenca, 2005;
Rosko, Proenca, Zinn, & Bazzoli, 2007; Sikka, Luke, & Ozcan, 2009). Two major
statistical techniques have been adopted to measure efficiency in health care services: the
data envelopment analysis (DEA), which is a non-parametric method used to search for
optimal input—output combinations, and the stochastic frontier analysis (SFA), which is a
parametric method used to find the most efficient reference technology from existing data.
All studies on care efficiency have found that health system/network affiliated
hospitals were significantly associated with efficiency gain. In addition, the hospital
system variable was positively correlated with technical efficiency (Ozcan & Luke, 1993).
Hospitals that heavily relied on their systems and networks in service delivery were more
efficient in their input—output combinations. Two studies analyzed potentially varying
effects of hospital system affiliation across different types. Carey (2003) found that
CHPIHS is more efficient than other types of health systems whereas Rosko, Proenca,
Zinn & Bazzoli (2007) concluded that CHPIHS and DHS are more efficient than other

types of systems.

Quality of Care

Hospital system/network affiliation is also believed to improve the quality of care
through clinical integration. Clinical integration is also defined as “the extent to which
patient care services are coordinated across the various personnel, functions, activities,

and operating units of a system” (Shortell, Gillies, & Anderson, 1994). Multiple
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empirical studies have investigated the effects of hospital system/network affiliation on
quality of care (Chukmaitov et al., 2009; Chukmaitov et al., 2014; Cuellar & Gertler,
2005; Ho & Hamilton, 2000; Madison, 2004).

Empirical investigations about the effects of health system/network affiliation on
quality of care have delivered mixed results. Ho and Hamilton (2000), Madison (2004),
and Cuellar and Gertler (2005) found limited evidence for the effects of hospital
system/network affiliation on mortality and readmission rate among heart attack, stroke,
and acute myocardial infarction patients. However, Chukmaitov et al. (2009, 2014)
showed positive effects of health system/network affiliation on mortality among

pneumonia, congestive heart failure, and acute myocardial infarction patients.

Market Power
Reardon and Reardon (1995) found evidence that the formation of health systems and
networks has led to market concentration in US metropolitan health care markets.
System/network affiliated hospitals have been able to use their enhanced market power
over insurers and increase prices more rapidly than non-system/network hospitals
(Burgess, Carey & Young, 2005; Capps & Dranove, 2004; Cuellar & Gertler, 2005;
Dranove & Shanley, 1995; Manke, 1990; Melnick & Keeler, 2007; Young, Desai &
Hellinger, 2000).

Most studies that investigated the price effects of health system/network
affiliation used average or list prices as a care price measure due to data limitations.
Neither average price nor list price is the ideal measure for the actual price. The

coefficient estimate of price effects will be biased if the proxy has a measurement error.
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The negotiation process between providers and insurers determines the prices that
hospitals receive for services provided. Hence, the ideal measure for health care price is
the actual price paid by private payers to health care providers. “These data are generally
treated as confidential and as such are difficult to obtain” (Melnick & Keeler, 2007).
However, several empirical studies have been able to utilize the actual prices paid from

insurers to providers.

Transaction Pricing for Medical Procedures

Transaction prices are the actual payments from insurers to providers as reimbursements
for health care services provided (Brooks, Dor & Wong, 1997). Transaction prices are
different from the list prices because transaction prices capture payment discounts from
insurers to hospitals. Transaction prices also differ from the average prices because the
transaction prices refer to a specific admission at patient level rather than all admissions
at hospital level. When total payments are divided by total quantity of care to obtain an
average value, the varying mix of services within the hospital cannot be captured by the
average payment (Moriya, Vogt & Gaynor, 2010). The measurement error and
information loss can bias estimates of hospital system/network payments. Hence,
transaction price is the ideal measure for medical procedure pricing (Dor, Grossman &
Koroukian, 2004).

Although list or average prices have been utilized as measures of health care
prices in earlier studies, a number of empirical studies have been able to use a unique
dataset, including not only individual and clinical information, but also actual payment

information from insurers (Brooks, Dor & Wong, 1997; Capps & Dranove, 2004; Dor,
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Grossman & Koroukian, 2004; Dor, Koroukian & Grossman, 2004; Moriya, Vogt &
Gaynor, 2010; Dor et al., 2012). MarketScan®, one of the largest collections of private
claims-based patient data in the US, contains 28 million people’s inpatient, outpatient,
and pharmaceutical claims from about 100 middle and large insurance carriers per year
(Adamson, Chang & Hansen, 2008). MarketScan® is an ideal database for analyzing the
private provider—insurer negotiation, which is the research question of this study.
MarketScan® has been utilized by most empirical papers analyzing transaction prices
(Brooks, Dor & Wong, 1997; Dor, Grossman & Koroukian, 2004; Dor, Koroukian &
Grossman, 2004; Moriya, Vogt & Gaynor, 2010; Dor et al., 2012). One exception is
Capps and Dranove (2004), who used confidential data from four health care markets
between 1998 and 2000. Due to confidentiality concerns, Capps and Dranove (2004) did
not report information about insurer(s) and geographic location(s).

Transaction pricing studies for medical procedures found significant predictors of
medical prices (See table Al in the appendix). System affiliation, health maintenance
organizations (HMO) penetration rate, and market concentration were found to be
positively associated with transaction appendectomy price (Brooks, Dor & Wong, 1997).
Cost savings within managed care organizations are associated with a lowered per-unit
price of CABG (Dor, Grossman & Koroukian, 2004). The per-unit price of angioplasty is
lower in preferred provider organizations (PPOs) and HMOs (Dor, Koroukian &
Grossman, 2004). Hospital consolidations were not positively associated with the sum of
actual payments to hospitals (Moriya, Vogt & Gaynor, 2010). Finally, HMO penetration
rate was negatively associated with colectomy price whereas hospital concentration was

positively associated with colectomy price (Dor et al., 2012).
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Some transaction pricing studies have demonstrated that health system/network
affiliation is significantly associated with increases in medical procedure prices (Brooks,
Dor & Wong, 1997; Capps & Dranove, 2004). In other studies, health system affiliation
was not found to be a significant predictor of medical procedure pricing (Dor et al., 2012).
The mixed results in the price effects of health system/network affiliation might be
explained by the operationalization of the system/network affiliation variable. The
majority of papers have used an indicator variable for health system/network membership
(Brooks, Dor & Wong, 1997; Capps & Dranove, 2004; Dor et al., 2012). Other papers
have focused more on local market characteristics such as HMO penetration and market
concentration than on system/network membership (Dor, Grossman & Koroukian, 2004;
Dor, Koroukian & Grossman, 2004; Moriya, Vogt & Gaynor, 2010). The different types
of hospital systems and networks, based on Bazzoli et al.’s (1999) taxonomy, were not

fully explored by these transaction price studies.

Significance of this Study

The contributions of this study to the body of health economics and health financing
literature are as follows. First, this study is an empirical estimation of cancer and cardiac
surgeries. Unlike cardiac surgical procedures such as PCl and CABG, there is a paucity
of information on the pricing of cancer surgeries. This study directly investigates the
pricing of colorectal cancer surgeries, compared to PCl and CABG.

Second, this study analyzes the transaction prices of cardiac and cancer surgeries
rather than either the list price or average price of cardiac and cancer surgeries. Many

existing studies have analyzed average price as a proxy for insurers’ actual payment.
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However, a measurement error issue arises when list or aggregate price is used as a proxy
variable.

Third, this study is an empirical application of a comprehensive taxonomy of
health systems and networks on cardiac and cancer pricing. Bazzoli et al. (1999)
developed an empirically analyzable comprehensive taxonomy of health systems and
networks based on different patterns of hospital services, physician arrangements, and
insurance products. This comprehensive taxonomy on health systems and networks has
been extensively tested in empirical investigations of hospital systems and networks
(Bazzoli et al., 2000; Bazzoli et al., 2001; Carey, 2003; Chukmaitov et al., 2009;
Chukmaitov et al., 2014; Rosko et al., 2007; Wang et al., 2011). Previous medical
procedure pricing studies adopted an indicator variable for health systems and network
affiliations, resulting in the loss of information across different types of health systems
and networks.

Fourth, this study evaluates potentially varying effects of health system/network
affiliation on various surgical procedure prices. Aggregate cost, efficiency, financial
performance, and quality of care have been adopted as dependent variables in existing
studies. These studies implicitly assumed that the effects of hospital system/network
affiliations will be unchanging across different health care services provided in the health
systems and networks. Instead of focusing on aggregate hospital-level outcome measures,
this study focuses on each surgical procedure separately and compares the potentially
varying price effects of health system/network affiliation on different cardiac and cancer

procedures.

19



Finally, this study aims to contribute to ongoing policy discussions about antitrust
enforcement in the health care market. The revised Statements of Antitrust Enforcement
Policy in Health Care provided an antitrust safety zone where the rule of reason treatment
rather than per se illegality is applied to hospital networks with a sufficient level of
financial and clinical integration (Department of Justice and Federal Trade Commission,
1996). However, the degree of financial and clinical integration has not been clearly
defined by the FTC and DOJ. The findings of this study can identify policy implications
about the sufficient level of financial and clinical integration.

Moreover, FTC and DOJ exempt ACOs with sufficient clinical and financial
integration from a mandatory antitrust review. Currently, limited scientific evidence on
the competitive effect of clinical and financial integration exists. This study evaluates the
effects of different degree of clinical and financial integration on the pricing of cardiac
and cancer surgeries. Therefore, this study can be used as baseline research to provide
evidence on the effect of clinical and financial integration in the ongoing policy

discussion about the integrated health delivery system model in the US.
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3. Conceptual Framework

The conceptual framework for this study is based on various health care pricing models
from Dor, Grossman & Koroukian (2004), Gaynor & Town (2011), and Gowrisankaran,
Nevo & Town (2013). The first half of this section discusses existing health care pricing
models and predictors of health care prices, including patient demographics, hospital
characteristics, and market conditions, and proposes a modified conceptual framework
for this study. The second half of this section derives the hypotheses from the modified
framework. The appendix includes more detailed illustrations of health care pricing

models.

Predictors of Health Care Price

Structural and reduced form models are two essential approaches of modeling in
economics (Frakt, Pizer, & Feldman, 2012). While Dor, Koroukian & Grossman’s (2004)
health pricing model is a reduced form model, Gaynor and Town (2011) and
Gowrisankaran et al. (2013) developed structural models. A structural approach is strong
in producing more precise insights on economic decision making, while a reduced form
approach has flexibility on the functional form to avoid strong game theoretic
assumptions. Both approaches have been used in recent papers focused on the health care
sector. Lustig (2010), Starc (2010), Maruyama (2011), Gaynor and Town (2011), and
Gowrisankaran, Nevo & Town (2013) used structural models whereas Bates and Santerre
(2008), Schneider et al. (2008), Dafny et al. (2009), Danfy (2010), Shen et al. (2010),

Moriya et al. (2010), and Dor et al. (2012) used reduced form models.
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Dor, Koroukian & Grossman (2004)

In the health pricing model of Dor, Koroukian & Grossman (2004), the price of health
care is a function of patient severity, case mix of hospital patients, hospital characteristics,
insurance characteristics, and market structures. The price function of care for patient i at

hospital j with plan h in area | is given by
pinji = f(my, cmy, ky, x5, mk;) (1.1)

where mijis the disease severity, cm; is the case mix of that hospital j, X; is the hospital j’s
characteristics, kn is the plan characteristics, and mkl is the market conditions.

The main strength of this model is the flexibility of the functional form, which
allows the inclusion of the health system/network affiliation variable and other technical
variables in the price equation. In addition, the simpler functional form allows for a
simpler interpretation of the price effects of the health system/network affiliation variable.
However, any insights into the effect of health system/network affiliation on the patient’s

choice of hospitals and corresponding hospital profits are not achievable from this model.

Gaynor & Town (2011)

The price of health care in Gaynor and Town’s (2011) model is a function of the marginal
cost of care, quantity of care, insurance premium, plan characteristics, other costs of
health insurers, local hospitals, plan characteristics, and synergistic match costs for health

plan h and hospital j.

phj = f(ij, th;rh; Oh;j; kh;shj) (12)

where mc;j is the marginal cost of health care of the hospital j, gnjis the actual quantity of

health care provided by the hospital j to the enrollees of plan h, r, is the premium of the
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insurance h, on is the other costs except actual payments to hospital networks, j is the all
health care providers in the market, kn is the plan characteristics, sp; is the synergistic
match costs for health plan h and hospital j.

This model effectively identifies and explains the behaviors of the individual,
health plan, and health care providers and is compatible with general microeconomic
theory. In addition, this model successfully clarifies the economic behaviors of patients,
insurers, and providers into three stages: 1) provider—insurer negotiations; 2) patient
choice of health plans; 3) patient choice of hospitals. However, this model is heavily
dependent upon simplifying assumptions, and the health system/network affiliation
variable cannot be directly connected with price of care. One can reasonably assume that
the marginal cost of care is a function of hospital system/network affiliation, which is
reasonable, but it is very hard to determine the empirically valid values for marginal cost

of care.

Gowrisankaran, Nevo & Town (2013)

Gowrisankaran, Nevo & Town (2013) use a function of the marginal cost of care,
quantity of care, coinsurance rate, provider networks, health plan characteristics, hospital

characteristics, patient characteristics, disease severity, and out-of-pocket payment.

pri = f(mc;, qnj, Cimo jno kno Xj, 21, My, 0Dim;) — (L1.3)
where mgc;j is the marginal cost of health care of the hospital j, gnjis the actual quantity of
health care provided by the hospital j to the enrollees of plan h, cimis the coinsurance rate
for enrollee i with disease m, jn is the provider networks in the market, kn is the plan

characteristics or services, X; is the hospital j’s characteristics, z; is the patient i's
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characteristics, mi is the relative intensity of resources use or disease severity, Opim; is the
out of pocket payment from patient i to hospital .

Similar to Gaynor and Town’s (2011) model, this model also has its strength in its
compatibility with general economic theory. Furthermore, this model incorporates two
different objective functions of MCOs, which might be a more accurate representation of
real-world situations. In this model, the health system/network affiliation variable can be
added into the equation as one of the hospital characteristics. However, this model
includes so many predictors of health care price that it becomes very challenging to
estimate and interpret the price implications of health systems and networks. Moreover, a
data accessibility issue arises for some variables, including marginal cost, coinsurance
rate, and the out-of-pocket payment.

Clear trade-offs between the structural model and reduced-form model exist.
However, the current study uses a modified version of Dor, Koroukian & Grossman
(2004) as an economic model for the following reasons: 1) structural models require
more restrictive assumptions about the health care market; 2) the consensus about the
functional forms of the structural model has not yet been achieved; and 3) structural
models demand inaccessible data, such as marginal cost of care. This study modifies the
health pricing model of Dor, Koroukian & Grossman (2004) two ways. First, this study
attempts to evaluate potentially different effects of the health system affiliation across
different types of health systems. For this reason, this study includes not an indicator
variable for the hospital system/network affiliation, but four different variables of
hospital system affiliations: CHPIHS, MCHS, DHS, and IHS. Second, this study

excludes the hospital-level case mix variable from the pricing equation as this variable
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might have multicollinearity issues with other independent variables, such as disease

severity variables or other hospital characteristics.

Hypotheses from the Conceptual Framework

The conceptual framework of this study explains the transactional price of care as a
function of patient characteristics, hospital attributes, and local market conditions. The
patient characteristics include age, sex, disease severity, and insurance type. Many risk-
adjusted models for cost of care have been developed to explain populations with
different risk factors to cost of care. Age, sex, and disease severity are widely accepted as

important predictors for price of care.
pricejjp: = f (patientit, hospital;, ma’rketht) (1.4)

The hospital attributes include ownership, teaching status, and system/network
affiliation. For-profit hospitals are often criticized for their “absence of community
benefit; cream skimming; diversion; and exploitation” (Hyman, 1998). Simultaneously,
not-for-profit hospitals are criticized for inefficiency and not creating value for their
shareholders—namely, because they do not have shareholders. Many papers have
highlighted the differences in cost and quality of care between for-profit and not-for-
profit hospitals (Dickey, 1994; Horwitz, 2005; Keeler, Melnick, & Zwanziger, 1999;
McCue & Clement, 1993; McCue & Thompson, 1995; Sloan, Picone, Taylor, & Chou,
2001). Empirical studies focused on teaching hospital status found that cost of care is
higher in teaching hospitals (Cameron, 1985; Sloan, Feldman, & Stein, 1983; Sloan &

Valvona, 1986; Taylor, Whellan, & Sloan, 1999).
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As previously mentioned, this study contributes to the health care financing
literature by applying Bazzoli et al.’s (1999) hospital system/network taxonomy to
procedure-level pricing studies. “CHSs were noted by high levels of administrative
intensity and decision-making authority over policies related to the system” (Alexander,
Lee, & Bazzoli, 2003). The centralized administrative authority and decision-making
power might strengthen CHSs to provide more integrated care effectively and
communicate with affiliates more efficiently.

H1: Health system/network affiliation will be significantly associated with the price of
cardiac and cancer surgery in all hospitals. Different types of health systems/networks

will have different effects on the price of colorectal cancer surgery, all other variables

being equal.

The financial efficiency of common ownership among affiliated hospitals over
contractual relations has been an issue of debate (Conrad & Shortell, 1996; Luke, Begun
& Pointer, 1989; Robinson & Casalino, 1996; Robinson 1999). The economic advantage
of asset ownership is stressed by the transaction cost framework (Mick, 1990;
Williamson, 1981; Williamson, 1991), which asserts that common ownership solves the
incentive problem among affiliated entities and dramatically reduces the cost of
monitoring and enforcement. Health systems that are more tightly integrated by common
ownership might be able to maintain homogeneity in price, product, and quality; those
more loosely integrated by contracts might have high transactional costs, including

monitoring and enforcement (Bazzoli, 2000).
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H2: The colectomy price of health systems will be lower than that of health networks.
The incremental difference between the effects of health systems and networks affiliation

will be greater for more centralized hospital systems and networks.

The market characteristics include market concentration and HMO penetration.
The level of market competition has been perceived as an important predictor of price of
care, although the direction of the effects is not clear. Empirical findings since the early
1980s have shown that high competition in health care markets is associated with higher
costs (Joskow, 1980; Robinson & Luft, 1985; Wilson & Jadlow, 1982). In the late 1980s,
studies started determining that cost of care in more competitive markets is lower than tat
of less competitive markets (Connor, Feldman, & Dowd, 1998; Dranove, Shanley, &
White, 1993; Keeler et al., 1999; Melnick, Zwanziger, Bamezai, & Pattison, 1992;
Zwanziger & Melnick, 1988). The Herfindahl-Hirschman Index (HHI) has been used as
a measure of market concentration in various studies (Joskow, 1980; Zwanziger &
Melnick, 1988; Melnick, Zwanziger, Bamezai, & Pattison, 1992; Dranove, Shanley, &
White, 1993; Keeler, Melnick, &Zwanziger, 1999). The high level of HMO penetration
might also strengthen hospital competition in the local market and heighten financial
pressures for health care providers (Baker, 1997; Baker, 1999; Baker & Corts, 1996;
Bertrand, Hallock & Arnould, 2005; Chernew, DeCicca & Town, 2008; Miller & Luft,
1994). HMOs might be able to reduce unnecessary hospitalizations and hospital stays
while also using more cost-effective tests and procedures than other fee-for-service

providers.
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H3a: Hospitals in a highly concentrated market will have a lower price of cardiac and
cancer surgeries than a less concentrated market, all other variables being equal.
H3b: Hospitals in a market with a high HMO penetration rate will have a lower price of

care than a market with low HMO penetration rate, all other variables being equal.
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4. Research Method

Data and Study Sample

MarketScan Commercial Claims and Encounters Data®

The main data source of this study is the MarketScan® commercial claims and encounters
data. MarketScan® is one of the largest multi-source private sector health care database
in the US. It is a unique database that includes not only individual demographics, but also
financial and clinical information from health plans and hospitals. At the individual level,
MarketScan® collects detailed individual information for 23 million privately insured
employees and their dependents from approximately 100 large employers, health
insurance plans, and public organizations (Adamson, Chang & Hansen, 2008).

Individual characteristics include age, gender, employment status, relationship to
beneficiary, geographic location, and industry type. At the health plan level, medical
claims are fully integrated into one database from HMO plans, preferred and exclusive
provider organizations (PPOs and EPOs), point-of-service (POS) plans, fee-for-service
(FFS) plans, and indemnity plans. Financial information from health plans includes
benefits amount, deductible amount, co-payment amount, and plan type of all enrollees.
Furthermore, at the hospital level, MarketScan® commercial claims and encounters data
include clinical information such as admission type, diagnosis code, principal diagnosis,
discharge status, procedure codes, length of stay, and quantity of services.

MarketScan® can be merged with other national databases, such as the Provider of
Service File from Centers for Medicare & Medicaid Services (CMS), the American
Hospital Association’s (AHA) Annual Survey, and the Area Resource File from Agency

for Healthcare Research and Quality (AHRQ). This study will merge MarketScan® with
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the AHA Annual Survey for hospital attributes and the Area Resource File for local
market conditions. This study will analyze MarketScan® commercial claims and

encounter data during the period 2002 to 2007.

AHA Annual Survey Database™

The AHA Annual Survey Database™ is a U.S. nationally representative hospital database
that gathers hospital information including organizational structure, facility and service
lines, inpatient and outpatient utilization, expenses, physician arrangements, staffing,
purchasing affiliations, and geographic indicators. This annual survey covers information
on “6,500 hospitals, 400-plus health care systems, networks and alliances, 700 health care
organizations and associations, 700 governmental agencies and 3,000 other accredited
providers” (American Hospital Association, 2014). Hospital attributes from the AHA
Annual Survey Database™, including health system/network affiliation, type of system
affiliation (cluster code), ownership, and teaching hospital status, will be matched with

the MarketScan® commercial claims and encounters data, using provider identifier.

Study Sample

The study population consists of all health care claims on CABG, PCI and colectomy
procedures from 23 million privately insured employees and dependents in MarketScan®
commercial claims and encounters data between 2002 and 2007. For both men and
women, heart disease is the number one cause of death in the US, and 597,689 people
died from heart disease in 2010 (Murphy, Xu & Kochanek, 2013). In addition,

82,600,000 people in the US had one or more cardiovascular diseases in 2011, including
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7,900,000 cases of heart attacks and 5,700,000 cases of heart failure (Roger et al., 2011).
As shown in the figure 1.1, CABG cases were reduced by 35.9% from 2001 to 2009,
while PCI cases increased by 5.4% for the same period (Riley et al., 2011).

Figure 1.1 Number of PCIl and CABG Cases in US, 2001-2009
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Source: Riley et al. (2011). Trends in Coronary Revascularization in the United States From 2001 to 20009.
Circulation: Cardiovascular Quality and Outcomes, 4(2), 193-197.

As previously mentioned, there are a limited number of pricing studies on cancer
surgeries, compared to cardiac procedures. This study selects a cancer surgery that satisfy
the following conditions: 1) the selected cancer surgery is associated with well-defined
surgical procedures in patient-level databases; 2) the selected cancer surgery is among the
most common procedures in the US; 3) the selected cancer surgery is not discretionary
procedures; and 4) the selected cancer surgery is not substitutable for outpatient care.
Colorectal cancer surgery (Colectomy) satisfies these conditions and was selected for this
study. As shown in the figure 1.2, colorectal cancer is the second leading cause of cancer

mortality in the US. In 2014, the number of deaths due to colon cancer is estimated to be
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50,310 persons. The number of new colon cancer cases is estimated to be 96,830,

compared to 40,000 cases for rectal cancer in 2014 (American Cancer Society, 2014).

Figure 1.2 Number of Cancer Deaths in US, 2005-2014
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Source: American Cancer Society (2014). Cancer Facts and Figures 2014.

The study sample included hospital admissions with undergoing single colectomy
surgery between January 1, 2002, and December 31, 2007 (Figure 1.3). The MarketScan®
commercial claim and encounter data from 2002 to 2007 included 8,104,571 hospital
admission cases. All partial and total colectomy cases (n = 63,746) were included in the
sample. The included partial colectomy cases incorporated both open colectomy and
laparoscopic colectomy. Among all colectomy cases, all hospitalizations with multiple
colectomies were excluded, leaving 59,655 single colectomy admissions in the sample.
Furthermore, single colectomy cases whose principle procedure was not a colectomy (n =
16,887) or whose principal diagnosis was not colorectal cancer (n = 20,594) were
excluded from the sample. Through these exclusion criteria, the study sample was
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reduced to 22,174 single colectomy cases whose principal diagnosis was colorectal
cancer and whose principal procedure was a colectomy. Following the same sample
exclusion criteria, the study identified 15,264 CABG admissions and 111,668 PCI
admissions. The figure A1.1 and Al1.2 in the appendix show the final CABG and PCI

samples in detail.

Figure 1.3 The Final Colectomy Sample and Exclusion Criteria
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Table 1.2 shows the diagnosis and procedure codes for selected cardiac and
cancer surgeries. All cardiac and cancer surgeries were defined in a manner to maximize
comparability among procedures as much as possible. In addition, all procedures were
segregated by their severity and complexity. In some cases, cancer surgeries can be
performed for patients whose primary diagnosis was not cancer. A colectomy is
recommended for patients with severe diverticular colon diseases. Hence, this study

excluded hospital admissions in which the primary diagnosis was not cancer surgeries.

Table 1.2 Procedural Codes for Cardiac and Cancer Surgeries

ICD-9 Diagnosis Codes CPT Procedure Codes

Colectomy Malignant neoplasm of colon | Partial Open Surgery (44140, 44141, 44143,
(153.0, 153.1, 153.2, 153.3, | 44144, 44145, 44146, 44147), Total Open
153.4, 153.5, 153.6, 153.7, Surgery (44150, 44151, 44152, 44153, 44155,
153.8, 153.9) 44156, 44160), Partial Laparoscopic Surgery
(44204, 44205, 44206, 44207, 44208), Rectum
(45110, 45111, 45112, 45113, 45114, 45116,

45119)
Coronary Aortocoronary Bypass Of Vein only (33510, 33511, 33512, 33513,
Artery Bypass | Coronary Artery (36.11, 33514, 33516), Venous and Arterial Graft
Graft (CABG) | 36.12, 36.13, 36.14), Other (33517, 33518, 33519, 33521, 33522, 33523),
Aortocoronary Bypass Acrterial Graft (33533, 33534, 33535, 33536)
(36.10)
Percutaneous | Balloon (00.40, 00.41, Balloon (92982, 92984, 92975), Stent
Coronary 36.04), Stent Procedure Procedure (92980, 92981), Drug-Eluting
Intervention (36.06), Drug-Eluting (G0290, G0291)
(PCI) (36.07)

Variable Definitions

The dependent variable of this study is transaction price of care. The transaction price
refers to actual payments from insurers to providers, which is different from list or

average price. This study will analyze the transaction price that is actual payment during
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the hospitalization stay. Relatively common and well-defined cardiac and cancer
procedures were selected for this study, including colectomy, CABG, and PCI. The
independent variables of this study were divided into three groups. The first group of
independent variables is patient characteristics. The MarketScan® commercial claim and
encounter data include the age and sex of enrollees; enrollees’ ethnicity information is
not reported in the data. Detailed procedural codes were used to control patients’ disease
severity. The Elixhauser index was adopted as the comorbidity index. Comorbidity is
defined as: “A clinical condition that exists before a patient's admission to the hospital, is
not related to the principal reason for the hospitalization, and is likely to be a significant
factor influencing mortality and resource use in the hospital” (Elixhauser et al., 1998). In
this paper, comorbidity conditions were operationalized as four categorical variables that
count the number of comorbidities (0, 1, 2, and 3+). The MarketScan® data incorporate
varying types of health insurance plans, including basic/major medical plans,
comprehensive plans, exclusive provider organization plans, HMO plans, non-capitated
POS plans, PPO plans, capitated or partially capitated POS plans, consumer-driven health
plans, and high deductible health plans. Following Dor et al. (2012), this study
categorized these plans into three groups: fee-based plans, POS plans, and HMO plans.

The second group of independent variables is hospital attributes. Among hospital
attributes from the AHA Annual Survey, this study controlled for hospital ownership,
teaching status, and system/network affiliation. The AHA Annual Survey identifies four
types of hospital ownership: 1) government, nonfederal; 2) nongovernment, not-for-profit;
3) investor-owned, for-profit; and 4) government, federal. This study defined hospital

ownership types as private not-for-profit, private for-profit, and public hospitals.
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Teaching hospital was defined as an affiliated member hospital of the Council of
Teaching Hospitals and Health Systems (COTH). As previously described, types of
system affiliation are defined as centralized health physician insurance health system
(CHPIHS), moderately centralized health system (MCHS), decentralized health system
(DHS), and independent health system (IHS). The reference group of the health
system/network variable is independent hospitals, which do not belong to any system or
network.

The third group of independent variables is the local market condition. HMO
penetration rate is retrieved from the Area Resource File. HMO penetration is defined as
the number of HMO enrollees divided by total population in the market. The Herfindahl—
Hirschman Index (HHI) was used as a market concentration measure, which is the sum of

squared market share of all the firms in the market (Manheim, Bazzoli, & Sohn, 1994).

Analytic Methods

Individual-level price regressions will be performed separately for each cardiac and

cancer surgical procedure. The price equation for each procedure is given by:
Dijne = Bo + B1Xit + BsMjr + BaZps + € (1.5)

where i, j, h, t and indexes the individual, hospital, local market, and year respectively.
The vector Xit refers to the patient characteristics including age, sex, disease severity,
comorbidity and health insurance plan type. Different sets of disease severity variables
are adopted across procedures. Colectomy price equation includes partial laparoscopy,
partial open surgery, and total open surgery (reference) variables. CABG price equation
includes one vessel surgery (reference), two vessels surgery, three vessels surgery, and

four or more vessels surgery. PCI price equation includes one stent surgery (reference),
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multiple stents surgery, one vessel surgery, multiple vessels surgery, thrombolytic
infusion surgery. Three Elixhauser variables for the counts of comorbidities (1, 2, 3+) are
included, with no comorbidity (0) constituting the reference category. Two plan types
(POS and HMOs) are included; the reference category is all other fee-based plans. The
vector Mj; refers to hospital j’s attributes, including private not-for-profit, private for-
profit, teaching status, and system affiliation (CHPIHS, MSHS, DHS, IHS), and network
affiliation. The reference categories for ownership, teaching status, and system affiliation
are public hospitals, non-teaching hospitals, and independent hospitals. The vector Znt

refers to local market conditions, including HMO penetration rate and the HHI.

Figure 1.4 Distribution of Transaction Colectomy Prices, 2002-2007
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Source: MarketScan® commercial claim and encounter data, 2002—2007

The transaction price variable has one of the typical characteristics of health care
outcome variables: a right-tail distribution function (Figure 1.4). This tail problem can
cause biased estimates of the standard errors. One of the standard methods of robust

estimation is log transformation to smooth skewed distributions in statistical estimation
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(Manning & Mullahy, 2001). When the dependent variable is log-transformed, the results
should be back-transformed into the original scale for meaningful interpretation of the
results. Several retransformation methods were available for this (Duan, 1983; Manning,
1998). However, it is very complicated to retransform when heteroskedasticity is present
(Manning, 1998; Mullahy, 1998).

As an alternative, generalized linear models (GLM) was developed and used
among economists (Wedderburn, 1974; Basu & Rathouz, 2005). The GLM method
solves retransformation issue by using link function, instead of transforming the
dependent variable (Basu & Rathouz, 2005). In addition, the presence of
heteroskedasticity can be controlled by a variance structure to the model (Crowder, 1987).
This study used the GLM method to get robust standard errors in the price equations with
an appropriate link function and distribution family. A sensitivity analysis was carried out

to justify the appropriate link function and distribution family for the surgery prices.
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5. Results

Descriptive Statistics-Colectomy

Table 1.3 shows descriptive statistics of 22,174 colectomy cases that include 4,498 partial
laparoscopic colectomies, 16,689 partial open surgery colectomies and 987 total open
surgery colectomies. The unadjusted average colectomy price of the sample was $20,421,
which is lower than the unadjusted average colectomy price ($26,081) for Medicare
patients. Age and disease severity of Medicare patients are much higher than those of
privately insured patients. The mean age of the sample was 51.41 and 49.6 percent of the
colectomy patients were male.

The comorbid conditions of each hospital admission are measured by the
Elixhauser index (Elixhauser et al., 1998). Approximately 37.9 percent of patients did not
have any comorbid condition, having colorectal cancer as the principal reason for
hospital admission. More than 20 percent of them had one comorbid condition and 14.3
percent of them had two comorbid conditions. 27.5 percent of them had more than three
comorbid conditions. The portions of partial laparoscopy, partial open surgery and total
open surgery were 20.3 percent, 75.3 percent, and 4.4 percent respectively. 5.7 percent of
them had a metastatic cancer, which had spread to another organ in the body. 16.1
percent of colectomies were provided in emergency settings.

In terms of hospital characteristics, the majority of sample hospitals (74.5 percent)
were privately owned and not-for-profit facilities. The proportion of patients treated in a
publicly owned hospital was 14.2 percent and the remaining 11.3 percent of patients were

treated in hospitals that were privately owned for-profit hospitals.
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Table 1.3 Descriptive Statistics for Colectomy Admissions

Definition Mean S.D.

Dependent variable

Hospital price ($) Transaction price for CABG episode 20,421 12,976
Market structure

HMO penetration County-level HMO penetration rate 0.235 0.162

System/Network HHI System/Network Admission Herfindahl Index 0.190 0.131
Patient demographics and severity

Age Patient age 51.41 10.67

Male Patient is male 0.496 0.500

Elixhauser 0 No comorbid condition 0.379

Elixhauser 1 One comorbid condition 0.203

Elixhauser 2 Two comorbid conditions 0.143

Elixhauser 3+ Three or more comorbid conditions 0.275

Partial Laparoscopy Partial laparoscopy provided 0.203

Partial Open Surgery Partial open surgery provided 0.753

Total Open Surgery Total open surgery provided 0.044

Metastasis Tumors had spread elsewhere in the body 0.057

Emergency Services provided at an emergency room 0.161
Hospital characteristics

Public Public hospital 0.142

Private not-for-profit Private not-for-profit hospital 0.745

Private for-profit Private for profit hospital 0.113

Teaching Status Hospital is a member of council of teaching hospital 0.192

Network Affiliation Hospital affiliated with a network 0.482

System Affiliation Hospital affiliated with a system 0.362

CHPIHS Centralized health and physician-insurance system 0.093

MCHS Moderately centralized health system 0.104

DHS Decentralized health system 0.143

IHS Independent hospital system 0.022

NSH Non-system hospital 0.638
Insurance types

Plan: fee-based Basic/Major Medical, Comprehensive, PPO 0.745

Plan: HMO EPO, HMO 0.113

Plan: POS Non-Cap POS, Cap POS 0.134

Plan: CDHP or HDHP CDHP, HDHP 0.008
Year Dummies

2002 Hospital admissions occurred in 2002 0.062

2003 Hospital admissions occurred in 2003 0.148

2004 Hospital admissions occurred in 2004 0.200

2005 Hospital admissions occurred in 2005 0.215

2006 Hospital admissions occurred in 2006 0.222

2007 Hospital admissions occurred in 2007 0.152
N 22,174

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized health
system; DHS = decentralized health system; IHS = independent health system; NSH = Non-system hospitals
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19.2 percent of them were treated in a member of the Council of Teaching
Hospital of the Association of American Medical Colleges (COTH). About 36.2 percent
of the hospital services were delivered at hospitals affiliated with a health system. In
addition, 48.2 percent of the sample hospital admissions were performed in facilities
affiliated with a health network. More than half of the admissions (52.1 percent) were
conducted in hospitals affiliated with either a health system or a health network. Around
32.5 percent of the hospital admissions were treated in a hospital affiliated with both a
health system and a network. Among the 36.2 percent of system affiliated hospitals, the
proportions of CHPIHS, MCHS, DHS, and IHS were 9.3 percent, 10.4 percent, 14.3
percent, and 2.2 percent respectively. The DHS was the most frequent type of health
system in this study sample during 2002-2007.

Approximately three quarters (74.5 percent) of patients had fee-based plans for
their health insurance, which included preferred provider organizations (PPOs) or other
comprehensive plans. Health maintenance organization (HMO) plans and point-of-
service (POS) plans accounted for 11.3 and 13.4 percent respectively. A very small
portion of patients were enrolled in consumer-directed health plans (CDHPs) or high-
deductible health plans (HDHPs).

Following the work of Burgess et al. (2007), the degree of market concentration
in this study was measured by the Herfindahl-Hirschman Index (HHI) at four levels. The
first measure is HHI at the hospital level (HHI-H), which does not count health systems
and networks as an individual hospital. The second measure is HHI at the health network
level (HHI-N), which counts a health network as an individual hospital but not a system.

The third measure is HHI at the health system level (HHI-S), which counts a health
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system as an individual hospital but not a network. The fourth measure is HHI at the
health system or network level (HHI-SN), which counts a health system or a network as
an individual hospital. The average HHI-SN of the study sample was 0.190, and several
sensitivity analyses were performed to test different HHI measures. The average HMO

penetration rate of this sample was 20.1 percent.

Pricing Regressions-Colectomy

Two regression models are shown in Table 1.4. Model 1 contains regression results using
a health system indicator variable, while model 2 contains results using types of health
system variables. Comorbidity indices were found to be significant predictors for the
risk-adjusted colectomy price. The risk-adjusted colectomy price was 5.3 percent higher
in patients with one comorbid condition, compared to patients without any comorbid
condition. The colectomy price for patients with two comorbid conditions was 7.7
percent higher than the reference group. The colectomy price for patients with three or
more comorbidity conditions was 13.6 percent higher than the no comorbidity group
(model 2).

The risk-adjusted price of partial colectomy was significantly lower than that of a
total colectomy. The price of partial open surgery was approximately 17.3 percent lower
than that of a total colectomy (model 1). The partial laparoscopy price was even lower
than partial open surgery, which was 30.1 percent lower than that of a total colectomy. In
addition, the colectomy price for metastatic colon cancer was found to be higher than the

price for non-metastatic colon cancer by 12.7 percent (model 1). Furthermore, the
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colectomy price performed in an emergency setting was 30.4 percent higher than the

colectomy price performed in a non-emergency setting.

Table 1.4 Generalized Linear Model Results for Colectomy Admissions

Model 1 Model 2
Parameter Standard Parameter Standard
Estimate Error Estimate Error
Patient demographics and severity
Age X 10 -0.012*** (0.004) -0.012*** (0.006)
Male -0.008 (0.346) -0.008 (0.346)
Elixhauser 1 0.053*** (0.000) 0.053*** (0.000)
Elixhauser 2 0.077*** (0.000) 0.077*** (0.000)
Elixhauser 3+ 0.137*** (0.000) 0.136*** (0.000)
Partial Laparoscopy -0.301*** (0.000) -0.301*** (0.000)
Partial Open Surgery -0.173*** (0.000) -0.172%** (0.000)
Metastasis 0.127*** (0.000) 0.126*** (0.000)
Emergency 0.304*** (0.000) 0.304*** (0.000)
Hospital characteristics
Private not-for-profit -0.069*** (0.000) -0.068*** (0.000)
Private for-profit 0.093*** (0.000) 0.101*** (0.000)
Teaching 0.074*** (0.000) 0.073*** (0.000)
Network -0.038*** (0.001) -0.040*** (0.001)
System 0.035** (0.030)
CHPIHS 0.021 (0.310)
MCHS 0.075*** (0.000)
DHS 0.019 (0.313)
IHS 0.001 (0.982)
Insurance type
Plan: HMO -0.128*** (0.000) -0.129*** (0.000)
Plan: POS -0.109*** (0.000) -0.111*** (0.000)
Plan: CDHP/HDHP -0.004 (0.938) -0.004 (0.927)
Market structure
HMO penetration x 10 -0.007** (0.012) -0.008*** (0.010)
HHI System-Network x 10 0.155*** (0.000) 0.156*** (0.000)
Year Dummies
2003 0.011 (0.562) 0.011 (0.578)
2004 -0.008 (0.667) -0.008 (0.664)
2005 -0.009 (0.674) -0.009 (0.669)
2006 0.024 (0.246) 0.025 (0.236)
2007 0.037 (0.106) 0.037 (0.101)
N 22,174 22,174

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized
health system; DHS = decentralized health system; IHS = independent hospital system.

The hospital characteristics where the colectomy was provided were also
significantly associated with the risk-adjusted colectomy price. The risk-adjusted

colectomy price performed in private not-for-profit hospitals was 6.8 percent (model 2)
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lower than the colectomy price in public hospitals. Instead, the colectomy price in private
for-profit hospitals was 10.1 percent (model 2) higher than the colectomy price in public
hospitals. Teaching hospital status was also significantly associated with colectomy price.
The colectomy price in a teaching hospital was 7.4 percent higher than in non-teaching
hospitals (model 1).

The effect of health system and network affiliations showed contrasting results.
While the colectomy price in system affiliated hospitals was 3.5 percent higher than the
colectomy price in non-system hospitals, the colectomy price in network affiliated
hospitals was 3.8 percent lower than in non-network hospitals (model 1). In cases using
different types of system variables, the colectomy price performed in only the MCHS was
7.5 percent higher than in non-system hospitals. In the discussion section, the potential
reasons behind the contrasting results between system and network affiliation and
systematic difference across system types are examined. Other types of health systems
including CHPIHS, DHS and IHS were not significantly associated with colectomy
prices.

When a patient had a HMO plan, the risk-adjusted colectomy price decreased by
12.9 percent (model 2) compared to a fee-based plan. In the case of a POS plan, the
colectomy price also decreased by 11.1 percent (model 2) compared to a fee-based plan.
CDHP or HDHP plans were not significantly associated with colectomy price.

Market structures were also found to be significant predictors of risk-adjusted
colectomy price. Market concentration at the system/network level (HHI-SN) was
positively associated with risk-adjusted colectomy price. When measured at the

system/network level, a 0.10 increase in HHI was associated with a 15.6 percent higher
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price (model 2) compared to the average colectomy price. If HMO penetration increased

by 10 percent, the risk-adjusted colectomy price decreased by 0.8 percent (model 2).

Descriptive Statistics-CABG

The CABG sample consisted of 15,264 patients who underwent CABG as their principal
procedure of hospital admission (Table 1.5). The average CABG price for all sample
hospital admissions was about $41,504, which is slightly lower than the actual mean
CABG episode price among Medicare patients (Miller et al., 2011). The average age of
patients was 56.06 and 80.5 percent of the CABG patients were male.

The Elixhauser index was also used to measure comorbidity of each
hospitalization (Elixhauser et al., 1998). Among all patients whose principal procedure
was CABG, 39.1 percent of them did not have any comorbid condition. The proportion of
patients who had one, two and three or more conditions was 30.7, 15.9, and 14.4 percent
respectively. Among all 15,264 CABG cases, 77.5 percent of them underwent multiple
CABG procedures for example two vessels CABG and four vessels CABG performed in
a single episode of care. Approximately 76.6 percent of hospital admissions included one
vessel CABG and 17.5 percent of admissions included four or more vessels CABG. The
proportion of CABG procedures performed in emergency settings was 26.1 percent.

Privately owned and not-for-profit hospitals accounted for the largest proportion
(76.5 percent) of CABG admissions in the sample. The proportions of private for-profit
hospitals and public hospitals were 11.9 percent and 11.6 percent respectively. The
proportion of hospitals that are members of COTH was 25.9 percent. With respect to

system and network affiliations, 30.6 percent of patients received their CABGs at a
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system member hospital, while 51.5 percent of patients received their care at a network
affiliated hospital.

Table 1.5 Descriptive Statistics for CABG Admissions

Definition Mean S.D.

Dependent variable

Hospital price ($) Transaction price for CABG episode 41,504 21,984
Market structure

HMO penetration County-level HMO penetration rate 0.198 0.134

System/Network HHI System/Network Admission Herfindahl Index 0.194 0.129
Patient demographics and severity

Age Patient age 56.06 6.14

Male Patient is male 0.805

Elixhauser O No comorbid condition 0.391

Elixhauser 1 One comorbid condition 0.307

Elixhauser 2 Two comorbid conditions 0.159

Elixhauser 3+ Three or more comorbid conditions 0.144

One Vessel One vessel CABG performed during the episode 0.766

Two Vessels Two vessels CABG performed during the episode 0.408

Three Vessels Three vessels CABG performed during the episode 0.337

Four Vessels + Four or more vessels CABG performed during the episode 0.175

Emergency Services provided at an emergency room 0.261
Hospital characteristics

Public Public hospital 0.116

Private not-for-profit Private not-for-profit hospital 0.765

Private for-profit Private for profit hospital 0.119

Teaching Status Hospital is a member of council of teaching hospital 0.259

Network Affiliation Hospital affiliated with a network 0.515

System Affiliation Hospital affiliated with a system 0.306

CHPIHS Centralized health and physician-insurance system 0.068

MCHS Moderately centralized health system 0.111

DHS Decentralized health system 0.105

IHS Independent hospital system 0.022

NSH Non-system hospital 0.694
Insurance types

Plan: fee-based Basic/Major Medical, Comprehensive, PPO 0.786

Plan: HMO EPO, HMO 0.084

Plan: POS Non-Cap POS, Cap POS 0.125

Plan: CDHP or HDHP CDHP, HDHP 0.004
Year Dummies

2002 Hospital admissions occurred in 2002 0.126

2003 Hospital admissions occurred in 2003 0.205

2004 Hospital admissions occurred in 2004 0.228

2005 Hospital admissions occurred in 2005 0.222

2006 Hospital admissions occurred in 2006 0.133

2007 Hospital admissions occurred in 2007 0.086

N 15,264

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized health
system; DHS = decentralized health system; IHS = independent health system; NSH = Non-system hospitals
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The proportion of patients treated in either system or network affiliated hospitals
was 69.4 percent and 12.7 percent of them were treated in a hospital affiliated with a
system and a network. From the 30.6 percent of patients treated in a health system, the
proportions for CHPIHS, MCHS, DHS and IHS were 6.8 percent, 11.1 percent, 10.5
percent and 2.2 percent respectively.

A majority of patients (78.6 percent) were enrolled in fee-based health insurance
plans, while HMO, POS and CDHP/HDHP enrollees were 8.4 percent, 12.5 percent and
0.4 percent respectively. Health care market concentration was measured by HHI-SN in
the same way, where the average HHI-SN of the sample markets was 19.4 percent. In
addition, the average HMO penetration rate for the CABG sample was 19.8, which is

similar to colectomy cases.

Pricing Regression-CABG

Like the case for colectomy, Table 1.6 shows the results of two pricing regressions. An
indicator variable for health system was included in model 1, while different types of
health system variables were included in model 2. The number of comorbid conditions
was significantly associated with the risk-adjusted CABG price. Having one comorbidity
condition increased the risk-adjusted CABG price by 3.2 percent (model 1) and 3 percent
(model 2). In addition, three or more comorbidity conditions were associated with a 14
percent (model 2) increase in the risk-adjusted CABG price. In addition, an increase in
the number of venous treated was significantly associated with the risk-adjusted CABG
price. The risk-adjusted CABG price with two vessels was higher than the risk-adjusted

price of one vessel CABG by 3.9 percent (model 1). Treating four or more vessels
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increased the risk-adjusted CABG price by 8.1 percent (model 2) from the price of one

vessel CABG.

Table 1.6 Generalized Linear Model Results for CABG Admissions

Model 1 Model 2
Parameter Standard Parameter Standard
Estimate Error Estimate Error
Patient demographics and Severity
Age X 10 -0.008 (0.329) -0.007 (0.404)
Male -0.011 (0.351) -0.010 (0.392)
Elixhauser 1 0.032*** (0.006) 0.030** (0.012)
Elixhauser 2 0.130*** (0.000) 0.130*** (0.000)
Elixhauser 3+ 0.143*** (0.000) 0.140*** (0.000)
Vessels 2 0.039*** (0.002) 0.042*** (0.001)
Vessels 3 0.076*** (0.000) 0.077*** (0.000)
Vessels 4+ 0.079*** (0.000) 0.081*** (0.000)
Emergency 0.188*** (0.000) 0.187*** (0.000)
Hospital characteristics
Private not-for-profit -0.113*** (0.000) -0.115%** (0.000)
Private for-profit -0.023 (0.356) -0.015 (0.565)
Teaching -0.002 (0.884) -0.010 (0.375)
Network 0.078*** (0.000) 0.075*** (0.000)
System -0.066*** (0.000)
CHPIHS 0.002 (0.938)
MCHS -0.078*** (0.000)
DHS -0.085*** (0.000)
IHS -0.156*** (0.000)
Insurance type
Plan: HMO -0.082*** (0.000) -0.080*** (0.000)
Plan: POS -0.005 (0.735) -0.007 (0.610)
Plan: CDHP/HDHP 0.233*** (0.000) 0.235*** (0.000)
Market structure
HMO penetration x 10 0.003 (0.373) 0.002 (0.646)
HHI System-Network x 10 0.006 (0.870) -0.002 (0.952)
Year Dummies
2003 0.039** (0.045) 0.039** (0.041)
2004 0.016 (0.311) 0.014 (0.375)
2005 0.040** (0.044) 0.039** (0.046)
2006 0.063*** (0.003) 0.060*** (0.005)
2007 0.009 (0.731) 0.000 (0.985)
N 15,264 15,264

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized
health system; DHS = decentralized health system; IHS = independent health system; NSH = Non-
system hospitals
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The settings where CABG was provided were also important. The risk-adjusted
CABG price was significantly higher when performed in an emergency room or a
teaching hospital. On the other hand, the risk-adjusted CABG price in private not-for-
profit hospitals was lower than the CABG price in public hospitals by 11.3 percent
(model 1) and 11.5 percent (model 2). The system and network affiliation were also
significant predictors of risk-adjusted CABG price. Risk-adjusted CABG prices in health
network affiliated hospitals were 7.8 percent higher than in non-network hospitals while
the CABG price in health system affiliated hospitals was 6.6 percent lower than the
CABG price in non-system hospitals (model 1). The possible reasons behind the different
results among system and network affiliated hospitals are discussed later.

The magnitude of price differences was varied across system/network types. IHS
affiliated hospitals showed the lowest risk-adjusted CABG price, which was 15.6 percent
(model 2) lower than non-system hospitals. The CABG prices in MCHS and DHS
affiliated hospitals were significantly lower than the CABG price in non-system hospitals
by 7.8 percent and 8.5 percent respectively. The CABG price for HMO enrollees was
significantly lower than the CABG price that for fee-based plans by 8.2 percent (model 1)
and 8 percent (model 2). The CABG prices for patients with CDHPs and HDHPs were
23.5 percent higher than the CABG prices for other fee-based plan enrollees (model 2).
Health market concentration and HMO penetration rate was not significantly associated

with the risk-adjusted CABG price.
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Descriptive Statistics-PClI

The PCI sample included 111,668 patients who went through a hospitalization due to PCI
(Table 1.7). The average unadjusted PCI price for this sample was $24,397. The mean
age of patients for this PCIl sample was 54.16 and 76.4 percent of the PCI patients were
male. As measured by Elixhauser index, 45.5 percent of patients did not have any
comorbid condition (Elixhauser et al., 1998). The proportions of patients who had one,
two and three or more comorbid conditions were 30.9 percent, 14.9 percent and 8.7
percent respectively.

The 111,668 PCI cases included three sub-categories of CABG: 1) balloon
procedure; 2) drug-eluting procedure; and 3) stent procedure. Patient severity of the
balloon and drug-eluting procedures were measured by the number of vessels treated,
while the patient severity of the stent procedure was measured by the number of stents
used. 94.1 percent of PCI admissions performed one stent PCI and 8.7 percent of them
performed multiple stents PCI.

The proportions of one vessel and multiple vessels PCls were 7.3 percent and 1.7
percent. 0.4 percent of sample patients went through thrombolytic infusion PCI, which is
injection of a blood clot-bursting drug. More than half of the patients (58.4 percent)
received PCIs in emergency settings. The proportion of patients treated in a public
hospital was 11.1 percent and the proportions in private not-for-profit and private for-
profit hospitals were 76.4 percent and 12.5 percent respectively. 22.5 percent of patients

received PCI from a member hospital of COTH.
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Table 1.7 Descriptive Statistics for PClI Admissions

Definition Mean S.D.

Dependent variable

Hospital price ($) Transaction price for PCI episode 24,397 13,075
Market structure

HMO penetration County-level HMO penetration rate 0.198 0.129

System/Network HHI System/Network Admission Herfindahl Index 0.200 0.136
Patient demographics and severity

Age Patient age 54.16 7.07

Male Patient is male 0.764

Elixhauser O No comorbid condition 0.454

Elixhauser 1 One comorbid condition 0.309

Elixhauser 2 Two comorbid conditions 0.149

Elixhauser 3+ Three or more comorbid conditions 0.087

One Stent One stent PCI performed during the episode 0.941

Multiple Stents Multiple Stents PCI performed during the episode 0.088

One Vessel One Vessel PCI performed during the episode 0.073

Multiple Vessels Multiple Vessels PCI performed during the episode 0.017

Thrombolytic infusion Blood clot-bursting drug injected during the episode 0.004

Emergency Services provided at an emergency room 0.584
Hospital characteristics

Public Public hospital 0.111

Private not-for-profit Private not-for-profit hospital 0.764

Private for-profit Private for profit hospital 0.125

Teaching Status Hospital is a member of council of teaching hospital 0.225

Network Affiliation Hospital affiliated with a network 0.494

System Affiliation Hospital affiliated with a system 0.423

CHPIHS Centralized health and physician-insurance system 0.098

MCHS Moderately centralized health system 0.159

DHS Decentralized health system 0.142

IHS Independent hospital system 0.024

NSH Non-system hospital 0.577
Insurance types

Plan: fee-based Basic/Major Medical, Comprehensive, PPO 0.785

Plan: HMO EPO, HMO 0.104

Plan: POS Non-Cap POS, Cap POS 0.105

Plan: CDHP or HDHP CDHP, HDHP 0.006
Year Dummies

2002 Hospital admissions occurred in 2002 0.058

2003 Hospital admissions occurred in 2003 0.154

2004 Hospital admissions occurred in 2004 0.196

2005 Hospital admissions occurred in 2005 0.210

2006 Hospital admissions occurred in 2006 0.212

2007 Hospital admissions occurred in 2007 0.170

N 111,668

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized health
system; DHS = decentralized health system; IHS = independent health system; NSH = Non-system hospitals
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The proportion of patients treated in a system affiliated hospital was 42.3 percent,
while 49.4 percent of patients received PCI in a network affiliated hospital. As a whole,
73.4 percent of patients were treated in either a system or a network affiliated hospital,
and 18.3 percent of them were treated in a hospital affiliated with both a system and a
network. Among the 42.3 percent of patients treated in health systems, the proportions in
CHPIHS, MCHS, DHS and IHS were 9.8 percent, 15.9 percent, 14.2 percent and 2.4
percent respectively.

In terms of insurance characteristics, 78.5 percent of patients were enrolled in a
fee-based health insurance plan. The proportions of HMO, POS and CDHP/HDHP
enrollees were 10.4 percent, 10.5 percent and 0.6 percent respectively. The average level
of market concentrations (HHI-SN) was 0.20. Like the CABG sample, the average HMO

penetration rate for the PCI sample was 19.8 percent.

Pricing Regressions-PClI

Two pricing models for PCI admissions are shown in Table 1.8: one included the health
system indicator variable and the other included four types of health systems. The patient
comorbidity variables also turned out to be a significant predictor of the PCI price. The
risk-adjusted PCI price for a patient with one comorbidity condition was 6.4 percent
higher than the PCI price for a patient without comorbidity condition. The risk-adjusted
PCI prices for patients with two and three or more comorbidities were higher than the
reference group by 9.7 percent (model 2) and 15.2 percent (model 2) respectively.

The risk-adjusted price of the multiple stents PCI was 16.6 percent higher than the

single stent price. The one vessel PCI price was 12.9 percent lower (model 2) than the
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one stent PCI price, while the multiple vessels PCI price was 3.9 percent higher (model 2)
than the one stent PCI price. When the PCI procedure included thrombolytic infusion,
the PCI price increased 13.3 percent (model 1) and 14.1 percent (model 2) compared to
the single stent PCI price. When the PCI was provided in emergency settings, the risk-
adjusted PCI price was higher than the PCI price in non-emergency settings by 24.2
percent (model 1) and 24.1 percent (model 2).

Hospital characteristics were also found to be important predictors of PCI price.
The risk- adjusted PCI price in private for-profit hospitals was higher than the PCI price
in public hospitals by 9.8 percent (model 1) and 10.8 percent (model 2). The risk-
adjusted PCI price delivered in network affiliated hospitals was 4.3 percent higher (model
1) than the PCI price in non-network hospitals, while the risk-adjusted PCI price in
system affiliated hospitals was not significantly different from the PCI price in the non-
system hospitals (model 1). When different types of system variables were included, the
risk-adjusted PCI prices were systematically different across different types. The risk-
adjusted price in CHPIHS was 2.2 percent higher than the PCI price in non-system
hospitals, while the PCI prices in DHS and IHS were lower than the non-system hospital
PCI price by 2.9 percent and 13 percent respectively.

The risk-adjusted PCI prices for HMO, POS and CDHP/HDHP plans were lower
than the PCI price for fee-based plans by 16.9 percent, 8.5 percent, and 6.6 percent
respectively (model 2). When the HHI-SN increased by 0.10, the PCI price increased by
9.7 percent (model 2) compared to the average colectomy price. When the HMO

penetration increased by 10 percent, the risk-adjusted PCI price decreased by 1.9 percent.
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Table 1.8 Generalized Linear Model Results for PCI Admissions

Model 1 Model 2
Parameter Standard Parameter Standard
Estimate Error Estimate Error
Patient demographics
Age X 10 -0.023*** (0.000) -0.023*** (0.000)
Male 0.032*** (0.000) 0.031*** (0.000)
Elixhauser 1 0.064*** (0.000) 0.064*** (0.000)
Elixhauser 2 0.097*** (0.000) 0.097*** (0.000)
Elixhauser 3+ 0.153*** (0.000) 0.152*** (0.000)
Multiple Stents 0.166*** (0.000) 0.166*** (0.000)
One Vessel -0.131*** (0.000) -0.129*** (0.000)
Multiple Vessels 0.041*** (0.007) 0.039** (0.011)
Thrombolytic infusion 0.133%** (0.000) 0.141%*** (0.000)
Emergency 0.242%** (0.000) 0.241*** (0.000)
Hospital characteristics
Private not-for-profit 0.007 (0.288) 0.004 (0.537)
Private for-profit 0.098*** (0.000) 0.108*** (0.000)
Teaching 0.005 (0.268) 0.001 (0.864)
Network 0.043*** (0.000) 0.046*** (0.000)
System -0.006 (0.209)
CHPIHS 0.022*** (0.001)
MCHS 0.006 (0.341)
DHS -0.029*** (0.000)
IHS -0.130*** (0.000)
Insurance type
Plan: HMO -0.168*** (0.000) -0.169*** (0.000)
Plan: POS -0.084*** (0.000) -0.085*** (0.000)
Plan: CDHP/HDHP -0.062*** (0.004) -0.066*** (0.002)
Market structure
HMO penetration x 10 -0.019*** (0.000) -0.019*** (0.000)
HHI System-Network x 10 0.104*** (0.000) 0.097*** (0.000)
Year Dummies
2003 0.078*** (0.000) 0.077*** (0.000)
2004 0.144%*** (0.000) 0.144*** (0.000)
2005 0.145%** (0.000) 0.146*** (0.000)
2006 0.135%** (0.000) 0.137*** (0.000)
2007 0.115*** (0.000) 0.114*** (0.000)
N 111,668 111,668

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized
health system; DHS = decentralized health system; IHS = independent hospital system; NSH = Non-
system hospitals
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Sensitivity Analysis-Colectomy, CABG, and PCI

Multiple analyses were conducted to test the sensitivity of price regression results: 1)
HHI measurement by different definitions and levels; 2) GLM regression using different

distribution families; and 3) non-linearity of age, HHI, and HMO penetration.

HHI Measured by Admissions vs Inpatient Days

The main GLM regression models included a hospital admission HHI where the total
number of admissions in a hospital is measured as a proxy of the hospital’s market share.
Another way to measure a hospital’s market share is to calculate the total inpatient day
share of the hospital. Table 1.9 shows the GLM equations with the admission HHI vs. the
inpatient days HHI for all samples. This sensitivity analysis results were consistent with

the results from the main GLM regression.

Table 1.9 Sensitivity Analysis on HHI Measured by Admission vs. Inpatient Days

Colectomy CABG PCI
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
CHPIHS 0.021 0.022 0.002 0.002 0.022*** 0.024***
(0.310) (0.289) (0.938) (0.905) (0.001) (0.000)
MCHS 0.075*** 0.076*** -0.078***  -0.078*** 0.006 0.006
(0.000) (0.000) (0.000) (0.000) (0.341) (0.298)
DHS 0.019 0.020 -0.085***  -0.084*** | -0.029***  -0.029***
(0.313) (0.299) (0.000) (0.000) (0.000) (0.000)
IHS 0.001 0.002 -0.156***  -0.155*** | -0.130***  -0.131***
(0.982) (0.951) (0.000) (0.000) (0.000) (0.000)
HHIADMSN X10 | 0.156%** -0.002 0.097%**
(0.000) (0.952) (0.000)
HHIIPDSN x10 0.151*** -0.019 0.071***
(0.000) (0.611) (0.000)

Note: 1) CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized
health system; DHS = decentralized health system; IHS = independent hospital system; NSH = Non-
system hospitals. 2) HHI ADM SN = Herfindahl Index measured by admission at system or network
level. 3) HHI IPD SN = Herfindahl Index measured by inpatient days at system or network level
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Table 1.10 Sensitivity Analyses of HHI Measure at different levels

Colectomy CABG PCI

() 2 3 (4) 1) @) (©) (4) ) ) @) (4)
CHPIHS 0.021 0.021 0.023 0.025 0.002 0.001 -0.000 -0.001 0.022***  0.022***  0.023***  0.025***

(0.310) (0.313) (0.259) (0.233) (0.938) (0.975) (0.997) (0.977) (0.001) (0.001) (0.000) (0.000)
MCHS 0.075*** 0.074***  0.078***  0.076*** [ -0.078*** -0.078*** -0.078*** -0.078*** | 0.006 0.005 0.008 0.008

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.341) (0.363) (0.167) (0.164)
DHS 0.019 0.019 0.022 0.022 -0.085***  -0.085***  -0.084*** -0.084*** | -0.029*** -0.030*** -0.026*** -0.026***

(0.313) (0.319) (0.243) (0.261) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
IHS 0.001 0.000 0.002 -0.001 -0.156***  -0.156***  -0.156*** -0.157*** | -0.130*** -0.130*** -0.128*** -0.127***

(0.982) (0.990) (0.955) (0.970) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
HHISN x 10 0.156%** -0.002 0.097***

(0.000) (0.952) (0.000)
HHI Sysem x 10 0.164%** 0.013 0.101%**

(0.000) (0.717) (0.000)
HHI Network x10 0.196*** 0.047 0.150***
(0.000) (0.246) (0.000)
HHI Hospital x 10 0.248*** 0.122*** 0.177***
(0.000) (0.003) (0.000)

Note: 1) CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized health system; DHS = decentralized health system; IHS
= independent hospital system; NSH = Non-system hospitals; 2) All other independent variables are included but not reported in this table.
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HHI at Hospital, System, Network and System or Network levels

HHI can also be measured at different levels: 1) hospital; 2) system; 3) network; and 4)

system or network level. Table 1.10 shows the different specifications using HHI at

different levels. Similarly, this sensitivity analysis supports the results from the main

GLM regressions. Coefficients of different types of health systems changed slightly at the

third decimal place when different HHI variables were included. It is worthwhile to pay

attention to the systematic differences in HHI coefficients. The magnitude of coefficients

became larger from model 1 to model 4 for colectomy, CABG and PCI samples.

GLM with different distribution families

Modified park tests were performed to test the appropriate distribution families for the

colectomy, CABG and PCI transaction prices (Park, 1966).

Table 1.11 GLM Results with different distribution families

Colectomy CABG PCI
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
(0.310) (0.376) (0.938) (0.809) (0.001) (0.003)
MCHS 0.075*** 0.061*** -0.078*** -0.078*** 0.006 0.012*
(0.000) (0.002) (0.000) (0.000) (0.341) (0.054)
DHS 0.019 0.010 -0.085*** -0.091*** -0.029*** -0.028***
(0.313) (0.587) (0.000) (0.000) (0.000) (0.000)
IHS 0.001 -0.006 -0.156*** -0.148*** -0.130*** -0.126%***
(0.982) (0.848) (0.000) (0.000) (0.000) (0.000)
Distribution Gamma Inverse Gamma Inverse Gamma Inverse
Families Gaussian Gaussian Gaussian

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized
health system; DHS = decentralized health system; IHS = independent hospital system; NSH = Non-

system hospitals

Among different distribution families including Gaussian, inverse Gaussian,

binomial, negative binomial, Poisson and gamma, the modified park tests indicated that
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gamma or inverse Gaussian distributions were potentially appropriate distribution
families for the colectomy, CABG and PCI transaction prices. Table 1.11 shows GLM
results for the colectomy, CABG and PCI samples using either gamma or inverse
Gaussian distribution. When inverse Gaussian distribution was used in the GLM model,
the coefficients and standard errors of health system type variables did not change much

and were consistent with the gamma distribution cases.

Potential Non-linearity of HMO penetration and HHI

Table 1.12 shows the results of sensitivity analysis using categorical variables for HMO
penetration and HHI. In the main regression, HMO penetration and HHI were included
as continuous variables, but this sensitivity analysis aimed to check potential non-

linearity of the effects of HMO penetration and HHI on colectomy, CABG and PCI price.

Table 1.12 Non-linearity of HMO penetration and HHI

Colectomy CABG PCI
Parameter ~ Standard | Parameter Standard | Parameter  Standard
Estimate Error Estimate Error Estimate Error
HMO penetration
Low (<9%) - - -
Moderate (9 - 25%) -0.060*** (0.000) -0.069***  (0.000) -0.056*** (0.000)
High (>25%) -0.083***  (0.000) -0.051***  (0.000) -0.093***  (0.000)
HHI
Low (<0.08) - - -
Moderate (0.08-0.15) | -0.004 (0.788) -0.050***  (0.003) 0.007 (0.290)
High (>0.15) 0.039***  (0.005) -0.020 (0.216) 0.052***  (0.000)

Note: CHPIHS =centralized health and physician-insurance system; MCHS = moderately centralized
health system; DHS = decentralized health system; IHS = independent hospital system; NSH = Non-
system hospitals

Low, moderate and high HMO penetration variables were created by stratifying

the HMO penetration into less than 9 percent, less than 25 percent and more than 25
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percent respectively (Dor et al., 2012). Similarly, low, moderate, and high HHI variables
were created by stratifying the HHI into less than 0.08, less than 0.15 and more than 0.15.

This sensitivity analysis for non-linearity confirmed the main results from the
linear model in general for the colectomy and PCI cases. The risk-adjusted colectomy
prices in markets with moderate and high HMO penetration were lower than colectomy
prices in low HMO penetration markets by 6 percent and 8.3 percent respectively. The
risk-adjusted PCI prices in markets with moderate and high HMO penetration were 5.6
percent and 9.3 percent lower than PCI prices in markets with low HMO penetration. The
CABG prices in markets with moderate and high HMO penetration were lower than
CABG prices in markets with low HMO penetration, but CABG prices in cases of
moderate HMO penetration were lower than CABG prices in cases of high HMO
penetration. High HHI was significantly associated with higher risk-adjusted colectomy
and PCI prices by 3.9 percent and 5.2 percent. In CABG cases, moderate HHI was

associated with lower CABG prices by 5 percent.

6. Discussion
This study investigated the price effects of health system/network affiliation and found
that health system/network affiliation was significantly associated with the prices of
colectomy, CABG and PCI after controlling for other patient characteristics, hospital
attributes and market structures. Yet the net competitive effects of system or network
affiliation were different across procedures and system types.

Pricing regression analyses found that price effects of system affiliation were

different across procedures (Table 1.13). System indicator variable was a significant
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predictor of CABG price and the coefficient sign was negative among CABG samples.
System indicator variable was a significant predictor of colectomy price and the
coefficient sign was positive among colectomy samples. Interpretations of the coefficient

of system indicator variable were not so meaningful because the coefficients of system

indicator variable were not consistent among different procedures.

Table 1.13 Systematic Variations in Price Effects Across Different System Types

Colectomy CABG PCI
Modell Model2 Modell Model2 Modell Model?2
System 0.035** -0.066*** -0.006
(0.030) (0.000) (0.209)
CHPIHS 0.021 0.002 0.022***
(0.310) (0.938) (0.001)
MCHS 0.075*** -0.078*** 0.006
(0.000) (0.000) (0.341)
DHS 0.019 -0.085*** -0.029%***
(0.313) (0.000) (0.000)
IHS 0.001 -0.156*** -0.130%***
(0.982) (0.000) (0.000)

However, when the pricing model included different types of system variables,

the results showed some meaningful interpretations. First, the risk-adjusted surgery prices
in DHS and IHS were significantly lower than or indifferent from the risk-adjusted prices
in non-affiliated hospitals. The CABG and PCI prices in IHS were significantly lower
than the prices in non-affiliated hospitals by 15.6 percent and 13 percent respectively.
The CABG and PCI prices in DHS were also significantly lower, but the magnitude of
price reductions from non-affiliated hospitals were smaller than the prices in IHS (8.5
percent and 2.9 percent). The risk-adjusted colectomy prices in DHS and IHS were not
significantly different from colectomy prices in non-affiliated hospitals.

Second, the risk-adjusted surgery price in MCHS was higher for some cases or
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lower for other cases than the risk-adjusted prices in non-affiliated hospitals. The CABG
price in MCHS was lower than the CABG prices in non-affiliated hospitals by 7.8
percent, while the colectomy price in MCHS was higher than the colectomy prices in
non-affiliated hospitals by 7.5 percent.

Third, the risk-adjusted surgery price in CHPIHS was significantly higher than or
indifferent from the risk-adjusted prices in non-affiliated hospitals. The risk-adjusted PCI
price in CHPIHS was 2.2 percent higher than the PCI prices in non-affiliated hospitals.
The CABG and colectomy prices in CHPIHS were not significantly different from the
prices in non-affiliated hospitals.

The results presented in this study suggest that procompetitive effects of health
system affiliation tend to dominate anticompetitive effects in less centralized health
systems and that anticompetitive effects of health system affiliation tend to dominate
procompetitive effects in more centralized health systems. The pivotal point where the
procompetitive effects and anticompetitive effects offset each other can be different
across procedures. The pivotal point for PCI samples tends to occur among MCHS, while
the point for CABG samples tends to occur among CHPIHS.

The efficiency gain by system affiliation was found from existing studies (Ozcan
& Luke, 1993; Rosko & Proenca, 2005) and this study results; CABG and PCI price
reductions in DHS and IHS also confirm the efficiency gains. Then one needs to explain
the reason why the risk-adjusted price in a more centralized health system was not lower
than the prices in non-affiliated hospitals. The relatively high price in more centralized
hospitals can be explained in two ways: one is market power and the other is the cost of

centralization. More centralized health systems may work more effectively in provider-
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insurer negotiations so the market power of the more centralized health systems can be
bigger. On the other hand, more centralized health systems beyond a certain threshold
may have higher costs of centralization than the benefits from it. Williamson (1981) also
confirmed that the benefits of centralized organization are not always larger than its costs.

Several implications for antitrust policy in health care can be found from the
results of this study. First, the FTC and DOJ can focus more on highly centralized health
systems for their antitrust reviews because the study results showed that more centralized
health systems are more likely to have strong anticompetitive effects.

Second, the net competitive effects of health system affiliation can be different
across procedures. Antitrust analyses of the FTC and DOJ need to examine competitive
effects of health system affiliation not only at the aggregate system level but also at the
individual procedure (product) level.

Third, the FTC and DOJ have been criticized due to unclear criteria for clinical
integration. However, the detailed criteria for clinical integration may send an inaccurate
signal to hospitals, which may encourage forming a more centralized health system to be
waived from the mandatory antitrust review. Providing clearer guidelines on the
appropriate level of financial and clinical integration can encourage efficiency gains in
health care delivery.

Fourth, the price effects of health system affiliation cannot be generalized to the
price effects of accountable care organizations (ACOs). Integrated delivery systems can
perform as practical prototypes for ACO development (Fisher & Shortell, 2010; Fisher et
al., 2012), but existing health systems and networks cannot be eligible for financial

incentives to the newly formed ACOs. Medicare’s shared savings program provides
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financial incentives to qualified ACOs that lower costs of care and improve quality of
care (Berwick, 2011).

However, the results of this study offer some policy implications for ACOs
because the FTC and DOJ provide an antitrust review safety zone to ACOs and health
care provider arrangements including health systems and networks for financial and
clinical integration. The current requirements for ACOs have been criticized by health
care providers for too restrictive criteria. If these requirements encourage a more
centralized form of ACOs, then the cost containment goal of ACOs seems to be hardly
achievable. Preliminary evaluations of ACOs show that most of them were successful
with quality improvements but not for cost savings (L & M Policy Research, 2013).
Other studies also found that centralized health systems had significantly bigger
reductions in mortality rates than non-affiliated hospitals (Chukmaitov et al., 2009;

Chukmaitov et al., 2014).

Table 1.14 Price Effects of Health System and Network Affiliation

Colectomy CABG PCI
Network -0.038*** 0.078*** 0.043%*=
(0.001) (0.000) (0.000)
System 0.035** -0.066*** -0.006
(0.030) (0.000) (0.209)

This study also found a number of significant differences in price effects from
health system and network affiliation (Table 1.14). Risk-adjusted CABG and PCI prices
in health network affiliated hospitals were higher than CABG and PCI prices in non-
network hospitals by 7.8 percent and 4.3 percent respectively. On the other hand, risk-

adjusted CABG prices in health system affiliated hospitals were 6.6 percent lower than
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CABG prices in non-system hospitals. Risk-adjusted PCI prices in health system
affiliated hospitals were not statistically different from non-system hospitals.

These results are consistent with existing studies that emphasize direct ownership
in health systems can perform better coordination of purpose, strategy and action than
contractual relationships in health networks (Bazolli et al., 2000). In addition, the
transaction cost framework also predicts that direct ownership in health systems can
evade transaction costs including monitoring and coordination that occur in contractual
relationships among network affiliated hospitals (Mick, 1990; Williamson, 1991).

However, risk-adjusted colectomy prices in health network affiliated hospitals
were lower than colectomy prices in non-affiliated hospitals by 3.8 percent when
colectomy prices in health system affiliated hospitals were 3.5 percent higher than
colectomy prices in non-affiliated hospitals. As shown in the price effects of different
types of health systems, the indicator variable for health network affiliations can be the
reason for the mixed results. The price effects of health network affiliation can be
differentiated across different types of health networks. Unfortunately, this study could
not include the different types of health networks because the network type variable has
not been reported in the AHA Annual Survey Database™ during 2002-2007.

One of the limitations of this study is that the MarketScan® data does not provide
a representative sample of the U.S. population. The MarketScan® data is a convenience
sample so the results of this study can be generalized at most to Americans covered by
employer-sponsored insurance, which accounts for 56% of the U.S. population. The
MarketScan® commercial claims and encounters data (2002-2007) were merged with the

AHA Annual Survey Database™ using AHA identification number (AHA ID). A
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considerable number of hospital admissions in the MarketScan® data did not include
AHA 1D, so the study sample included only those admissions with AHA ID.

This study did not analyze the price effects of different types of health network
affiliations. The original taxonomy by Bazzoli et al. (1999) included different types of
health network affiliations such as centralized health network (CHN), moderately
centralized health network (MCHN), decentralized health network (DHN) and
independent health network (IDN). However, the network type variable was not reported
in the AHA Annual Survey Database™ during 2002-2007. The results of this essay
cannot be generalized to the different types of health networks.

Two market level variables were noted in this essay: market concentration (HHI)
and HMO penetration. The market concentration (HHI) was measured by hospital referral
region using the Dartmouth Atlas, while the HMO penetration was measured at the
county level. This study used a crosswalk between counties and hospital referral regions.

Although this study attempted to identify policy implications for ACOs, the
results of the study cannot be directly generalized to them. ACOs have more specific
guidelines and financial incentives that cannot be applied to health systems and networks
(Berwick, 2011). However, this study can provide important background information
about ACOs by analyzing the price effects of clinical and financial integration among
different types of hospital systems and networks. Furthermore, the analysis presented in
this essay only tracks patients during 2002-2007, so the analysis results cannot be
representative of the present health care markets. It is unknown whether the price effects
of hospital system/network affiliations for cardiac and cancer procedures can be

generalized to other procedures.
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Essay 2: Does Health System Formation Raise Negotiated Cardiac Surgery Prices?
Price Differences Before and After Selected Health System Formations
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1. Introduction

Trend in US Health System Formations

A process of transformation in the US hospital industry started in the 1980s, with a
hospital consolidation trend that completely changed the entire health care sector in the
US (Bazzoli, Dynan, Burns, & Yap, 2004; Gaynor & Haas-Wilson, 1999; Lesser &
Ginsburg, 2000). At the start of the 1990s, around 10 hospital consolidations had
occurred, but the number of hospital mergers and acquisitions raised almost nine fold by
the mid-1990s, leading to a rapid increase in health care services market concentration
(Vogt & Town, 2006). Hospital merger and acquisition activities significantly declined
during the early 2000s, but the wave of hospital consolidations accelerated after the
Patient Protection and Affordable Care Act (ACA) implementation (Figure 2.1). In 2013,
3144 US-based community hospitals were affiliated with a health system, accounting for
63.2% of all US-based community hospitals (American Hospital Association, 2015).

Figure 2.1 Announced Hospital Mergers and Acquisitions, 1998-2012
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Source: Irving Levin Associates, Inc., The Health Care Acquisition Report, 19" Edition, 2013.
American Hospital Association (2013). Trend watch Chartbook 2013.
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A health system is defined as an inter-organizational consolidation of health care
providers that deliver services to patients (Bazzoli et al., 1999). One of the main
characteristics of a health system is the common ownership among affiliated providers.
Hospital mergers and acquisitions are one of the main channels of a health system
formation. The reasons why these health system formations occurred has been debated

without conclusive evidence (Vogt & Town, 2006).

Specific aim of this study

The spread of health systems can be explained by two main factors. First, a health system
formation can enhance the efficiency of care among affiliated hospitals. A merger with
another hospital can generate cost-saving efficiencies for a relatively small hospital by
attaining economies of scale or scope (Department of Justice and Federal Trade
Commission, 1996). Hospital consolidations and collaborations are encouraged by the
American Hospital Association (1992) to improve the efficiency of care and lower the
cost of care.

Second, a health system formation can raise the market power of the member
hospitals. A merger with another hospital can increase the market power of affiliated
hospitals, thus giving advantages in negotiating the price of care with insurers
(Department of Justice and Federal Trade Commission, 2004). In the opinion of Karen
Ignagni, the president of America’s Health Insurance Plans (AHIP), the goal of hospital
consolidations is not the efficiency of care but the price of care (Creswell & Abelson,

2013).
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The specific aim of this essay is to examine the price effects of different types of
health system formations on cardiac procedures. The results of the previous essay showed
a statistically significant cross-sectional association between health system affiliation and
price of care. The risk-adjusted CABG and PCI prices were significantly higher in more
centralized health system, such as centralized health and physician-insurance system
(CHPIHS), than in less centralized health systems, including decentralized health system
(DHS) and independent health system (IHS). Instead of examining the cross-sectional
association between health system affiliation and price of care, this essay investigates the

surgery price changes before and after health system formations.

Specific Aim: investigate differences in post-system formation cardiac price changes

across different types of system formations.

Policy Relevance of the Study

Traditionally, antitrust agencies did not interpret health care services as trade under the
Sherman Act of 1890. In 1975, the Supreme Court ruling in Goldfarb v. Virginia State
Bar determined that health care services would be considered as trade. Subsequently,
FTC and DOJ began to challenge potentially hazardous hospital arrangements against
market competition (Counts, 1976). Hospital mergers and acquisitions that include
common ownership of affiliated hospitals have been the main target of the Agencies’
antitrust efforts (Department of Justice and Federal Trade Commission, 1993). Usually,
FTC and DOJ challenge a merger or acquisition after the merger or acquisition proposal

but before its completion (Haas-Wilson & Garmon, 2011). From 1994 through 2000,

69



around 900 hospital mergers and acquisitions occurred, but the antitrust agencies

challenged seven cases of them, and lost all cases they challenged (FTC, 2004).

In 1993, the FTC and DOJ issued the first antitrust statements in health care,
providing antitrust enforcement policies for hospital mergers and other health care
provider arrangements (Department of Justice and Federal Trade Commission, 1993). In
1994, the FTC and DOJ revised the antitrust statements by providing the antitrust safety
zone for financially integrated provider arrangements, including hospital joint ventures
and multi-provider networks (Department of Justice and Federal Trade Commission,
1994). The financial integration was defined as sharing financial risk in all jointly priced
health care delivery.

Particular examples of a sufficient degree of financial integration were also
described in the statements:

1) Agreement to provide services to a health plan at a "capitated" rate;

2) Agreement to provide designated services or classes of services to a

health plan for a predetermined percentage of premium or revenue
from the plan;
3) Use of significant financial incentives for its physician participants, as
a group, to achieve specified cost-containment goals;

4) Agreement to provide a complex or extended course of treatment that
requires the substantial coordination of care by physicians in different
specialties offering a complementary mix of services, for a fixed,

predetermined payment, where the costs of that course of treatment for
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any individual patient can vary greatly due to the individual patient’s
condition, the choice, complexity, or length of treatment, or other
factors” (Department of Justice and Federal Trade Commission, 1996).

In 1996, another revision was done by the FTC and DOJ, expanding the antitrust
safety zone to hospital collaborations with clinical integration (Department of Justice and
Federal Trade Commission, 1996). A clinical integration was defined as “an active and
ongoing program to evaluate and modify practice patterns by the network's physician
participants and create a high degree of interdependence and cooperation among the
physicians to control costs and ensure quality” (Department of Justice and Federal Trade
Commission, 1996). The general definition of clinical integration was left flexible by the
FTC and DOJ to encourage health care providers to design their own working definitions
of clinical integration (Burke & Rosenbaum, 2010). Health care providers however, did
not actively engage in setting up clinically integrated hospital collaborations and were
puzzled about the sufficient level of clinical integration (Leibenluft, 2011).

In October 2005, the court ruled that a merger between Evanston Northwestern
Healthcare (ENH) and Highland Park Hospital was illegal, violating the Clayton Antitrust
Act. The order to divest Highland Park Hospital reversed the previous pattern of antitrust
challenges by the Antitrust Agencies (Vogt and Town, 2006). In 2010, the accountable
care organizations (ACOs) became a new model and norm of integrated delivery system
in the ACA. In 2011, an antitrust statement about ACOs was issued by the FTC and DOJ,
proving another antitrust safety zone to the ACOs. Potential procompetitive gains from
financial and clinical integration are the reasons for providing the antitrust safety zone to

the qualified ACOs (Federal Trade Commission and Department of Justice, 2011). This
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statement included detailed guidelines to qualify for the antitrust safety zone for the
ACOs, but the concepts of clinical integration were once again not clearly defined (Burke
& Rosenbaum, 2010). There is limited empirical evidence about the appropriate level of
financial and clinical integration. This study aims to contribute to the discussion about the

appropriate level of financial and clinical integration among health systems.
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2. Literature Review
The effects of health system formation and affiliation have been the focus of attention
among health economists. Many papers have examined different aspects of health
systems; financial performance (Bazzoli, Chan, Shortell & D’ Aunno, 2000; Chan,
Feldman & Manning, 1999; Clement et al., 1997; Cleverley, 1992; Dranove, Durkac &
Shanley, 1996; Dranove & Lindrooth, 2003; Dranove & Shanley, 1995; Galloro &
Piotrowski, 2002; Trinh, Begun & Luke, 2010), efficiency (Carey, 2003; Ozcan & Luke,
1993; Rosko & Proenca, 2005; Rosko, Proenca, Zinn & Bazzoli, 2007; Sikka, Luke &
Ozcan, 2009), quality (Chukmaitov et al., 2009; Chukmaitov et al., 2014; Cuellar &
Gertler, 2005; Ho & Hamilton, 2000; Madison, 2004), and market power (Burgess,
Carey & Young, 2005; Capps & Dranove, 2004; Cuellar & Gertler, 2005; Dranove &
Shanley, 1995; Manke, 1990; Melnick & Keeler, 2007; Young, Desai & Hellinger, 2000;
Connor et al., 1998; Krishnan, 2001; Dafny, 2009; Haas-Wilson and Garmon, 2011; Tenn,
2011; McCluer and Starr, 2013; Vita and Sacher, 2001). Among the studies about market
power, some studies directly examined post-merger difference in price of care (Connor
et al., 1998; Krishnan, 2001; Capps & Dranove, 2004; Dafny, 2009; Haas-Wilson and
Garmon, 2011; Tenn, 2011; McCluer and Starr, 2013; Vita and Sacher, 2001). These
studies on post-merger price difference are most closely linked to the analysis in this
essay.

Most studies investigating the price effects of hospital mergers and acquisitions
found evidence that hospital mergers and acquisitions enable hospitals to increase prices
of care (Krishnan, 2001; Capps & Dranove, 2004; Haas-Wilson and Garmon, 2011; Tenn,

2011; McCluer and Starr, 2013; Vita and Sacher, 2001). On the other hand, Connor et al.
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(1998) showed that hospital mergers produced considerable price reductions after the
merger. Due to data limitations, some studies have focused on average price of care,
which is not an accurate measure to reflect actual payment from insurers to providers
(Connor et al., 1998; Krishnan, 2001; McCluer and Starr, 2013; Vita and Sacher, 2001).
Measurement error in average prices can cause biased estimates of the price effects of
health system formation.

A more accurate price measure than list or average prices has been used in
medical procedure pricing studies (Brooks, Dor & Wong, 1997; Capps & Dranove, 2004;
Dor, Grossman & Koroukian, 2004; Dor, Koroukian & Grossman, 2004; Dor et al., 2012;
Moriya, Vogt & Gaynor, 2010). These papers utilized an exclusive database with actual
payments from insurers to hospitals, thereby permitting the analysis of the effects of
health systems formations on transaction prices. Price change after system formation
could be investigated in more detail at a procedure level.

Furthermore, studies on post-merger price change did not consider different types
of health system formation, meaning that the potential differences in post-merger price
change across different types of health system have not been fully explored (Bazzoli,
Shortell, Dubbs, Chan & Kralovec, 1999; Bazzoli, Shortell & Dubbs, 2006; Dubb,
Bazzoli, Shortell & Kralovec, 2004). This study contributes to filling this gap in the
literature by investigating systematic differences in cardiac surgery prices across different

types of health system, especially before and after system formation.
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Significance of this Study

This essay contributes to health economics and antitrust literature as follows. First, this
essay investigates change in transaction price for cardiac surgery. Instead of using list or
average prices, this analysis adopted the transaction price of care, which is a much more
accurate measure for price of care (Brooks, Dor & Wong, 1997; Capps & Dranove, 2004;
Dor, Grossman & Koroukian, 2004; Dor, Koroukian & Grossman, 2004; Dor et al., 2012;
Moriya, Vogt & Gaynor, 2010).

Second, this essay applies the comprehensive taxonomy of health systems
proposed by Bazzoli et al. (1999) to post-merger pricing studies. Existing studies on post-
merger change in price of care have focused more on the size of system formation, but
this analysis emphasizes the different types of system formation, such as centralized
health and physician-insurance system (CHPIHS), moderately centralized health system
(MCHYS), decentralized health system (DHS), and independent health system (IHS).

Third, this essay examines post-merger price change at health care procedure
level. Most antitrust case studies investigated post-merger price change at the hospital
level, which assumes a coherent case mix before and after the merger. Instead, this
analysis examines post-merger price change at procedure level, controlling a potential
change in case mix.

Fourth, this essay aims to contribute to the discussion about appropriate level of
financial and clinical integration of health system formations. According to the revised
Statements of Antitrust Enforcement Policy in Health Care, health care provider
arrangements with a sufficient degree of financial and clinical integration are eligible for

the antitrust safety zone (Department of Justice and Federal Trade Commission, 1996).
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However, the FTC and DOJ have been criticized for not giving clear definitions of
clinical integration, and providers have been puzzled about the adequate level of clinical
integration that FTC and DOJ will not view as illegal, per se (Burke & Rosenbaum, 2010;
Leibenluft, 2011). Considering a paucity of empirical literature on appropriate degrees of
financial and clinical integration, the findings of this essay can contribute to the antitrust

discussions in health care.
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3. Conceptual Framework
Several models of health care pricing exist in the literature, and there are clear trade-offs
among the models (Dor, Grossman & Koroukian, 2004; Gaynor & Town, 2011;
Gowrisankaran, Nevo & Town, 2013). These pricing models are summarized in the
previous essay. This study chose a modified version of Dor, Koroukian & Grossman
(2004), because 1) this model does not require restrictive assumptions; 2) this model
allows more flexible functional forms; 3) this model does not depend on inaccessible data,
including marginal cost of care or profit margin of a hospital.

In the conceptual framework of this study, the price of care is defined as a
function of patient characteristics, hospital attributes, and local market conditions. The

price function of care for patient i at hospital j in area h is given by
pricejjp: = f (patientit, hospital;, ma’rketht) (2.1)

The patient characteristics include age, sex, disease severity, comorbidity and
health insurance plan type. A coherent risk adjustment model can sufficiently reduce the
influence of covariates that may reflect the unique characteristics of individual hospital
admissions (Krumholz et al., 2006). Ownership, teaching status, and system/network
affiliation are important attributes of the hospital where the inpatient admission occurred.
Existing literature reported considerable differences in price and quality of care across
hospital ownership types; public, private not- for-profit and private for-profit (Dickey,
1994; Horwitz, 2005; Keeler, Melnick, & Zwanziger, 1999; McCue & Clement, 1993;
McCue & Thompson, 1995; Sloan, Picone, Taylor, & Chou, 2001). Teaching hospital
status was also a significant predictor for price and quality of care (Cameron, 1985; Sloan,

Feldman, & Stein, 1983; Sloan & Valvona, 1986; Taylor, Whellan, & Sloan, 1999).
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System/network affiliation and different types of system affiliation can also influence the
price and quality of care (Bazzoli, Shortell, Dubbs, Chan & Kralovec, 1999; Bazzoli,
Shortell & Dubbs, 2006; Dubb, Bazzoli, Shortell & Kralovec, 2004).

The local market conditions, such as market concentration and HMO penetration,
can also affect the price of care. Empirical studies found that the degree of market
concentration measured by the Herfindahl-Hirschman Index (HHI) is an important
predictor for price of care (Joskow, 1980; Zwanziger & Melnick, 1988; Melnick,
Zwanziger, Bamezai, & Pattison, 1992; Dranove, Shanley, & White, 1993; Keeler,
Melnick, & Zwanziger, 1999). High HMO penetration in a local market can lead to
heightened hospital competition, which will put financial pressure on health care
providers (Baker, 1997; Baker, 1999; Baker & Corts, 1996; Bertrand, Hallock & Arnould,

2005; Chernew, DeCicca & Town, 2008; Miller & Luft, 1994).
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4. Research Methods

Data

MarketScan® Commercial Claims and Encounters Database, is the main data source in
this study. At the individual level, MarketScan® includes detailed insurance claims data
for 23 million employees, dependents and retirees from approximately 100 large private
employers (Adamson, Chang & Hansen, 2008). This database covers individual
demographics, specific clinical procedures and financial information including
transaction prices from insurers to providers. This essay will analyze health system
formations from MarketScan® commercial claims and encounters data, focusing on price
changes in cardiac procedures: coronary artery bypass graft surgery (CABG) and
percutaneous coronary intervention (PCI) during the period 2002 - 2007. Figure 2 shows
identified health system formations during the 2002-2007.

The secondary database in this essay is the AHA Annual Survey Database™,
which is a comprehensive and representative health care provider database at the hospital
level. This database collects detailed hospital characteristics such as organizational
structure, facility and service lines, inpatient and outpatient utilization, expenses,
physician arrangements, staffing, corporate and purchasing affiliations, and geographic
indicators (AHA, 2008). This essay will match hospital information from the AHA
Annual Survey Database™ with the MarketScan® commercial claims and encounters

data.
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Study Sample

The study sample included 289 health systems and 1705 hospitals, 22 percent of which
were affiliated with a health system (Figure 2.2). 33 health systems and 395 affiliated
hospitals were involved in either health system formations or dissolutions during 2002-
2007. Some of them changed their affiliation from one system to another, and were
involved in multiple formations and dissolutions. Those 9 systems and 298 hospitals were
excluded in the study sample, because their cases could distort the true effects of system
formation on cardiac surgery prices.

In addition, two health systems and 12 affiliated hospitals were also excluded because
those systems were dissolved before 2007. Moreover, 8 systems and 29 hospitals changed
their system type, e.g., from decentralized health system to centralized health system.
Among 14 single system formations without system type changes, 12 formations did not
have sufficient volume of CABG and PCI services. Hence, the final sample of this

section includes 2 health systems and 7 affiliated hospitals.
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Figure 2.2 Identified Health System Formations: MarketScan 2002-2007

MarketScan 2002—2007
Health Systems: 289, Hospitals: 1,705

Health System Formations & Dissolutions
Health Systems: 33, Hospitals: 395

Excluded System Formations &
Dissolutions
w/multiple Formations and Dissolutions
Health Systems: 9, Hospitals: 298

Single System Formations & Dissolutions
Health Systems: 24, Hospitals: 97

Excluded Single System Dissolutions
Health Systems: 2, Hospitals: 12

Single System Formations
Health Systems: 22, Hospitals: 85

Excluded Single System Formations
w/ Changes of System Type
Health Systems: 8, Hospitals: 29

Single System Formations
w/o Changes of System Type
Health Systems: 14, Hospitals: 56

Excluded Single System Formations
wi/o Sufficient CABG, PCI admissions
Health Systems: 12, Hospitals: 49

Single System Formations
w/o Changes of System Type
w/ Sufficient CABG, PCI admissions
Health Systems: 2, Hospitals: 7

Hospital Al, located in Atlanta, Georgia, had operated as a private, not-for-profit,

acute-care community hospital since 1905. In 2002 hospital A1 was a 450-bed facility
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with 27,577 admissions for various inpatient and outpatient procedures. In 2004, hospital
Al acquired hospital A2 in Jasper, Georgia, formed a moderately centralized health
system (MCHS), Health System A (Figure 2.3). At that time, Hospital A2 had 26 hospital
beds and 1,226 inpatient admissions per year. In 2005, Health System A established a
branch hospital with 100 beds in Fayetteville, Georgia. In 2006, Health System A
acquired Hospital A4 with 271 beds and 5,984 inpatient admissions. The total number of

hospital beds in Healthcare System A was 866, and there were 43,571 admissions in 2007.

Figure 2.3 ldentified Health System Formation: System A (MCHS)

Hospital Al | Atlanta, Georgia

Hospital A2 | Jasper, Georgia

) _ _ Healthcare System A
Hospital A3 | Fayetteville, Georgia
Hospital A4 | Newnan, Georgia
Year 2002 2003 2004 2005 2006 2007

Note: 1) Hospital A3 was established and affiliated with Healthcare System A in 2005; 2) MCHS:
moderately centralized health system.
Source: AHA Annual Survey 2002 - 2007.

Hospital B1 is a nongovernmental, not-for-profit tertiary hospital located in
Evansville, Indiana. In 2002, Hospital B1 had 14,759 hospital admissions with 329 beds.
In 2004, Hospital B1 acquired Hospital B2 with 78 beds, located in Newburgh, Indiana
and formed a centralized health and physician-insurance health system (CHPIHS); Health
System B (Figure 2.4). In addition, Health System B established Hospital B3 at
Evansville, Indiana in 2005 with 60 hospital beds. Health System B has expanded into
one of the main health care providers in Southern Indiana, with 675 beds and 31,429

admissions in 2007.
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Figure 2.4 ldentified Health System Formation: System B (CHPIHS)

Hospital B1 | Evansville, Indiana

Hospital B2 | Newburgh, Indiana
P g Health System B

Hospital B3 | Evansville, Indiana

Year 2002 2003 2004 2005 2006 2007

Note: 1) Hospital B3was established and affiliated with Health System B in 2005; 2) CHPIHS: centralized
health and physician-insurance health system.
Source: AHA Annual Survey 2002 - 2007.

Empirical Methods

The risk-adjusted transaction price of care is given by
Pit = Bo + B1PF + B2SF + B3 PF x SF + BuX; + Bsme + &3¢ (2.2)

where i indexes patient, and t indexes year. PF is an indicator variable for post system
formation and SF is an indicator variable for system formation. The vector Xij: refers
patient characteristics, including age, sex, disease severity, comorbidity and health
insurance plan type. mt is year dummy variable, and et is error term. The risk-adjusted
price change post system formation is given by the following difference-in-differences

(DD) estimator

PF 1 pPF=0
Treatment_ (PTreatement Treatement) ( Comparison P Comparison (23)

where the treatment group is defined as hospitals which became members of a health
system during 2002 -2007. The year of post system formation is idiosyncratic across

system affiliated health cases.
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The effect of system formation on cardiac surgery price change is given as follows:
A173"7Ifeatme1fu:= (,81 +:82 +:83 _:82) - (:81 - 0)
= ﬁ3 (2.4)

Two main empirical challenges were identified with regard to investigating the
price change pre and post system formation. One was the rightly skewed cardiac surgery
price. The right-tail distribution of cardiac surgery price can lead to biased estimates of
the price effects of health system formation. Generalized linear models (GLM) can be
used to get unbiased estimates, because the GLM transforms errors by using a link
function (Wedderburn, 1974; Basu & Rathouz, 2005). The GLM model was applied to
this study for unbiased estimates, and an appropriate combination of link function and
distribution family were identified by diagnostic tests.

The second challenge was a selection bias of newly formed health systems.
Predictors of the cardiac surgery price of a newly formed health system may be not
broadly representative for the average U.S. health care providers during the period. This
study used a propensity score matching method to identify appropriate comparison

groups for the selected health system formations (Rosenbaum and Rubin, 1985).’
SF‘jht =y + alet + aZth + tht (25)

where j indexes hospital, h indexes local market, and t indexes year. The vector Mi
refers to hospital attributes including teaching status, ownership, Medicare share,
Medicaid share, teaching, and skilled nursing or long term care share. The vector Znt

refers to local market conditions including Herfindahl-Hirschman Index, number of

7 Rosenbaum, P.R. and Rubin D.B. (1985), “Constructing a control group using multivariate matched
sampling methods that incorporate the propensity score”, The American Statistician, Vol. 39 No. 1, pp. 33-
38.
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hospitals, number of hospital beds and HMO penetration rate. vi; refers to error term for
hospital j at local market h. This study matched hospitals according to the propensity
score to form a health system, and compared pre and post cardiac surgery price changes
in Health system A and B with a comparison group that had almost same propensity to
form a health system but did not actually do so. Bias reductions in predictors of health
system formation between the treated and comparison groups are shown with substantial

detail in the appendix.
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5. Results

This study compared unadjusted cardiac surgery prices in the treated group with the
matched group pre and post health system formations: Health system A and B (Table 2.1).
The unadjusted CABG price in System A ($42,678) was lower than the unadjusted
CABG price in the matched hospitals ($45,974), and this price difference became bigger
after System A formation ($44,180 vs $48,094). As a result, the unadjusted CABG price
in System A incrementally decreased after the system formation by $618. On the other
hand, the pre-merger PCI price in System A ($25,300) was higher than the pre-merger
PCI price in the matched hospitals ($24,193), but this price difference was also reversed
after System A formation ($24,635 vs $27,782). This means increases in the unadjusted
PCI price in System A were smaller by $4,254 than increases in the unadjusted PCI price
in the comparison group.

This study found that for System B, the changes in the unadjusted CABG and PCI
prices were different after the system formation. Before the system formation, the
unadjusted CABG price in System B ($42,103) was higher than the unadjusted CABG
price in the matched hospitals ($34,419), and this price difference became smaller after
System B formation ($40,439 vs $38,662). In other words, the unadjusted CABG price in
System B decreased more by $5,907 than the CABG price in the comparison group
before and after the system formation. Furthermore, this study found that before the
system formation the unadjusted PCI price in System B ($23,890) was larger than
unadjusted PCI price in the matched hospitals ($19,614), but this price difference was

also reversed after System B formation ($27,761 vs $28,353). This means increases in the
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unadjusted PCI price in System B were smaller by $4,868 than increases in the

unadjusted PCI price in the comparison group.

Table 2.1 Unadjusted Surgery Prices Pre and Post Health System Formations

unadjusted CABG Price

unadjusted PCI Price

System A
(MCHS) Pre-System Post-System  Difference | Pre-System Post-System  Difference
Formation ~ Formation Post - Pre | Formation  Formation Post - Pre
Treated 42,678 44,180 1,502 25,300 24,635 -665
Comeparison 45,974 48,094 2,120 24,193 27,782 3,589***
Diff in Diff -3,296 -3,914 -618 1,107 -3, 147*** -4 254%**
unadjusted CABG Price unadjusted PCI Price
System B ] ]
(CHPIHS) | Pre-System Post-System  Difference | Pre-System Post-System  Difference
Formation Formation Post - Pre | Formation Formation Post - Pre
Treated 42,103 40,439 -1,664 23,890 27,761 3 871 %%
Comparison 34,419 38,662 4,243 19,614 28,353 8.73g%**
Diff in Diff 7,684 1,777 -5,907 4,276%** 592 -4,868***

Note: 1) All prices are adjusted to 2007 US $; 2) MCHS: Moderately Centralized Health System; 3)
CHPIHS: Centralized Health and Physician-Insurance Health System 4) Treated groupl: Health
System A, Moderately Centralized Health System (Atlanta, GA); 5) Treatment group2: Health
System B, Centralized Health and Physician-Insurance System (Evansville, IN); 6) Comparison
groups: 1 to 3 matched hospitals; 8) ***significant at 1% level ** significant at 5% level, *
significant at 10% level.

Table 2.2 presents the risk-adjusted pricing equations for CABG and PCI cases.

The first two columns report risk-adjustment equations for CABG price and the last two

columns report equations for PCI price. These regression equations were run for two sub

samples: 1) cardiac admissions within System A and its matched hospitals; 2) cardiac

admissions within System B and its matched hospitals.
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Table 2.2 Impact of System Formation A and B on Cardiac Surgery Prices

CABG PCI
System A & Matched System B & Matched System A & Matched System B & Matched
(MCHS) (CHPIHS) (MCHS) (CHPIHS)

Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Treated -0.064 (0.380) 0.053 (0.763) 0.118** (0.022) -0.059 (0.365)
Post Formation -0.504*** (0.006) 0.017 (0.916) 0.375%** (0.000) 0.672%** (0.000)
Treated X Post Formation 0.153 (0.100) 0.397* (0.095) -0.267*** (0.000) 0.096 (0.192)
Age X 10 -0.061* (0.067) 0.250*** (0.003) 0.057*** (0.000) 0.077*** (0.004)
Male -0.001 (0.988) -0.174 (0.263) -0.020 (0.425) 0.099** (0.014)
Elixhauser 1 0.053 (0.293) 0.180 (0.230) 0.068*** (0.005) -0.016 (0.687)
Elixhauser 2 0.147** (0.017) -0.019 (0.919) 0.004 (0.903) -0.123** (0.027)
Elixhauser 3+ 0.061 (0.284) 0.528** (0.020) 0.082*** (0.003) -0.035 (0.630)
Vessels 2 0.077 (0.145) 0.123 (0.353)
Vessels 3 0.157%** (0.008) 0.229* (0.097)
Vessels 4+ 0.088 (0.214) 0.627* (0.051)
Multiple Stents 0.210*** (0.000) 0.227*** (0.002)
One Vessel -0.113** (0.022) -0.163*** (0.008)
Multiple Vessels -0.107 (0.231) 0.427** (0.027)
Thrombolytic infusion -0.291 (0.180)
Emergency 0.071 (0.195) -0.369** (0.012) 0.296*** (0.000) 0.186*** (0.000)
Plan: HMO -0.315*** (0.000) -2.120*** (0.000) -0.331*** (0.000) -0.236*** (0.001)
Plan: POS -0.290*** (0.000) 0.004 (0.979) -0.421*** (0.000) 0.128** (0.010)
Plan: CDHP/HDHP -0.741%** (0.000) -0.180** (0.031) 0.037 (0.870)
Year 2003 0.027 (0.718) 0.586*** (0.000) 0.120 (0.102) 0.498*** (0.000)
Year 2004 0.352** (0.039) -0.048 (0.796) -0.138*** (0.000) -0.078 (0.173)
Year 2005 0.504*** (0.004) -0.007 (0.978) -0.097*** (0.003) -0.121** (0.014)
Year 2006 0.651*** (0.000) 0.579*** (0.005) -0.180*** (0.000) -0.241*** (0.000)

N 435 92 2803 1180

Note: 1) Treated groupl: Health System A, Moderately Centralized Health System (Atlanta, GA); 2) Treatment group2: Health System B,
Centralized Health and Physician-Insurance System (Evansville, IN); 3) Comparison groups: 1 to 3 matched hospitals; 4) ***significant at 1%
level ** significant at 5% level, * significant at 10% level.
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CABG and PCI prices are adjusted by patient demographics, disease severity,
insurance plan type and time dummy variables. PCI prices in system A are more likely to
be higher than PCI prices in the matched hospitals, controlling for other characteristics.
There was a decreasing trend in CABG prices in system A and matched hospitals, while
an increasing trend was shown in PCI prices in system A, system B, and matched
hospitals. Yet after system A formation, the increase in the adjusted PCI price in system
A was less than the increase in the adjusted PCI price in the matched hospitals. This DD
estimator was statistically significant at 1 percent level.

On the other hand, the adjusted CABG prices in system B showed a positive and
significant DD estimator. In this case, the adjusted CABG prices in system B were not
significantly different that of the matched hospitals, and there was no overall increasing
or decreasing trend in the CABG price among those hospitals. Yet after System B
formation, the increases in the adjusted CABG prices were significantly higher than the
increases in the prices of the matched hospitals. Table Al in the appendix shows the
probit equations results of propensity score matching for health system formations. In
addition tables A2 to A5 in the appendix show the reduced bias between treated group

and comparison group after matching.
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6. Discussion

This essay investigated differences in cardiac surgery prices before and after health
system formations. Among 33 system formations, two system formations were identified
to satisfy the selection criteria: System A (MCHS) and System B (CHPIHS). The
increases in the adjusted CABG of System B were found to be larger than increases in the
adjusted CABG price increases of the matched hospitals. On the other hand, the increases
in the adjusted PCI price of System A were lower than the increases in the adjusted PCI
price of the matched hospitals.

These differences in the adjusted CABG and PCI prices before and after health
system formations suggest several interpretations. First, price effects of system formation
can be different across different types of health systems. The adjusted CABG price in the
highly centralized health system (System B: CHPIHS) significantly increased more than
the CABG price in the matched hospitals after the system formation. However, the
adjusted PCI price in the moderately centralized health system (System A: MCHS)
significantly decreased after the system formation. This finding suggests that a highly
centralized health system formation is more likely to raise the negotiated price of cardiac
surgery than that of a less centralized health system formation. The weakness of this
interpretation is a lack of sufficient number of observations. Yet, the results of the
previous essay also showed that the adjusted surgery price in CHPIHS was significantly
higher than or indifferent from the adjusted price in non-affiliated hospitals.

Second, price effects of a system formation can differ across various surgical
procedures. The adjusted CABG price in System A (MCHS) insignificantly increased

after the system formation compared to the matched hospitals, while the adjusted PCI
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price significantly decreased during the same period. Again, this interpretation also lacks
a sufficient number of cases. Replication of the analysis of this essay with more data
years might make this result stronger.

Third, FTC and DOJ may need to consider the different types of health system
formations for their antitrust analysis. Currently antitrust analysis by FTC and DOJ
focuses more on the market share of merging parties and the definition of geographic and
product market. Market concentration is an important evidence of market power, but this
study suggests that different types of the new health system formation (degree of
centralization) may also help to identify a potential anticompetitive system formation.

The results and interpretations of this essay have a number of limitations. One is
the unrepresentativeness of the MarketScan® commercial claims and encounter data. The
results of this essay can be generalizable to private insurance enrollees at most. Second,
the analysis of this essay is based upon limited evidence. Due to data accessibility issues,
this essay could identify and analyze two health system formations. Third, the analysis of
this essay only includes health system formations, not health network formations.
According to Bazzoli et al (1999), health networks as well as health systems can be
categorized by degree of centralizations, including centralized health network (CHN),
moderately centralized health network (MCHN), decentralized health network (DHN),
and independent health network (IDN). However, the AHA annual survey data sets
during 2002-2007 did not include a network cluster variable, so this study could not
analyze the price effects of different types of health network formation. Hence, the results

of this study cannot be generalized into the cases of health networks. Fourth, this study
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did not analyze the quality of care before and after health system formation. The potential

quality improvement post-health system formation was not analyzed in this study.
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Essay 3: Ex-Post Market Concentration Analysis for Selected Health System
Formations: Implications for the Antitrust Guidelines in Health Care
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1. Introduction

Horizontal Mergers and Acquisitions in US Health Care

Since 1980s, the US health care system has undergone a process of restructuring of the

health care delivery system (Bazzoli, Dynan, Burns, & Yap, 2004; Gaynor & Haas-

Wilson, 1999; Lesser & Ginsburg, 2000). By the end of the 1990s the number of

announced hospital mergers and acquisitions was very high, about 139 cases per year.

Since 2000, the trend in hospital mergers and acquisitions has subsided to around 50 to

60 cases per year (Figure 3.1). However, after the Patient Protection and Affordable Care

Act (ACA) was signed into law, the trend in hospital mergers and acquisitions became

increasingly prominent in the US.

Figure 3.1 Announced Hospital Mergers and Acquisitions, 1998-2012
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Existing evidence shows that hospital mergers and acquisitions would lead to
higher prices of health care services (Gaynor and Town, 2012). This trend in hospital

consolidation could be a burden to the rising US health care expenditure.

Policy Relevance of the Study

The Federal Trade Commission (FTC) and Department of Justice (DOJ) have been
working to promote consumer protection and to prevent anticompetitive business
activities. Since the 1975 Supreme Court ruling in Goldfarb v. Virginia State Bar
interpreted health care services as trade under the Sherman Act, antitrust agencies have
challenged potentially anticompetitive hospital merger and acquisition proposals before
they were completed (Counts, 1976; Haas-Wilson & Garmon, 2011).

The main targets of the antitrust agencies have been the hospital consolidations
with unified ownership among the member hospitals (Department of Justice and Federal
Trade Commission, 1993). However, the antitrust enforcements by the FTC and DOJ
were not successful during the initial stage (Vogt & Town, 2006). Approximately 900
hospital consolidations occurred during the 1994 - 2000, and the FTC and DOJ lost all
seven cases they litigated (Department of Justice and Federal Trade Commission, 2004).
The antitrust agencies lost those cases because the courts approved broadly defined
geographic markets as argued by defendants (Department of Justice and Federal Trade
Commission, 2004).

Antitrust agencies also have been working for promotion of potentially
procompetitive hospital mergers and acquisitions by issuing the Horizontal Merger

Guidelines (Department of Justice and Federal Trade Commission, 1992). The guidelines
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described the mergers and acquisitions that the agencies have evaluated as unlikely to
enhance market power. From 1993 to 1996, the antitrust agencies issued revised
statements on the health care industry, which defined the Antitrust Safety Zone for health
care provider arrangements with sufficient financial and clinical integrations (Department
of Justice and Federal Trade Commission, 1996).

However, these statements have been criticized for not specifying the definition of
hospital market. Historically, the hospital market definition by the FTC has been
proposed as “a thought experiment rather than a well-defined method” (Gaynor, Kleiner
& Vogt, 2012). As a result, health care providers should “make their own best
judgements” to define their geographic markets (Leibenluft, 2011). In 2011, the antitrust
agencies used a significantly different method to define relevant geographic markets in
the Antitrust Enforcement Policy Statements regarding accountable care organizations

(Federal Trade Commission and Department of Justice, 2011).

Specific Aim of the Study

This essay attempted to evaluate the effectiveness of the Antitrust Statements on hospital
mergers and acquisitions, by using the new market definition (primary service area)
proposed in the Antitrust Enforcement Policy Statements regarding accountable care
organizations (ACOs). Particularly, this essay investigated whether a potentially
anticompetitive health system formation that was analyzed in the previous essay (Health
System B), would fall inside of the Antitrust Safety Zone for potentially procompetitive
hospital consolidations. The changes in market share and concentration after health

system formation were assessed by using the new market definition. In this way, this
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essay evaluated the effectiveness of the Antitrust Enforcement guidelines on hospital

mergers and acquisition.
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2. Literature Review

Defining Markets in Health Care

Antitrust analysis of health system formations starts by identifying the relevant markets
of care (Department of Justice and Federal Trade Commission, 1992). Defining market
boundaries is important, because the market boundaries delineate the settings where the
anticompetitive effects of proposed mergers and acquisitions are assessed. The market
definition in antitrust analysis has two components: product and geography. The
“hypothetical monopolist test” was introduced by the FTC and DOJ for the definition of
product and geographic markets (Department of Justice and Federal Trade Commission,
1992). The product market is defined as a set of products for which a hypothetical
monopolist can impose at least “a small but significant and nontransitory increase in price”
(SSNIP), holding other variables constant (Department of Justice and Federal Trade
Commission, 1992).

The geographic market is also defined as an area for which “a hypothetical
monopolist can impose a SSNIP (Department of Justice and Federal Trade Commission,
1992).” Generally a 5 percent price increase in a year is regarded as the SSNIP. If a
hypothetical monopolist failed to impose the SSNIP in a closely delineated market, then
the product and geographic market is too narrow for the monopolist. More substitutable
goods and regions can be added to define the product and geographic markets which
allow the monopolist to impose the SSNIP. The economic reasoning behind this
hypothetical monopolist test is simple, but implementing the test is complicated due to
extensive data requirements and complex empirical methods (Gaynor, Kleiner & Vogt,

2012). The product market for health care is not controversial, and is defined as “acute-
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care inpatient hospital services,” which are also called as “cluster products” (Frech,
Langenfeld, & McCluer, 2004). Most empirical papers attempted to provide a convincing

measure for geographic market in health care.

Empirical Methods of Geographic Market Definition

In theory, an approximate consensus has been achieved about how to define market for
mergers and acquisitions (Baker, 2007); however, “in practice, there is wide variation in
how market is defined in antitrust analysis” (Gaynor, Kleiner & Vogt, 2012). Different
approaches for defining market had been proposed in the literature and each method
differed in terms of complexity of theory, data requirement, and empirical testability

(Oxera, 2011).

Elzinga and Hogarty Test (1998)

The Elzinga and Hogarty test is one of the most frequently adopted methods for
delineating markets in the US. The Elzinga and Hogarty test assesses patient travel
distance to the hospital using patient flow data; geographic boundaries are defined at
borderline where patient outflow to other areas and patient inflow from other areas fall
below certain thresholds: for example, 10 percent for strong market, and 25 percent for
weak market (Elzinga and Hogarty, 1998). The advantage of the Elzinga and Hogarty test
lies in its simplicity in theory, but the Elzinga and Hogarty test also has been criticized

for inaccessibility of patient flow data.
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Critical Loss Analysis (1991)

The critical loss analysis is another frequently applied method for delineating markets. In
this method, the critical loss is defined as the percentage loss in sales which yield zero
profit by offsetting the price increase after a merger or an acquisition (Harris & Simons,
1991). Then, critical loss is compared to the estimated loss which is the loss in sales due
to the price increase. If critical loss is less than estimated loss, the market for the
monopolist needs to be expanded to the level where the monopolist can impose SSNIP
(Gaynor, Kleiner & Vogt, 2012). One of the main criticisms of the critical loss analysis is
that the estimated loss in sales due to the price increase is not consistent with standard

economic theory (O’Brien and Wickelgren, 2003).

Structural Method by Gaynor and Vogt (2003)

Gaynor and Vogt (2003) developed a structural merger simulation model to define
geographic market in health care. This model attempted to represent strategic behaviors
of hospitals and patients in health care markets as a structural economic model (Gaynor
& Vogt, 2003). This model contributed to the merger simulation literature by developing
“a structural supply-side model of oligopolistic competition among hospitals using the
Bertrand model of price-setting behavior” (Oxera, 2011). One of the main advantages of
this model is the compatibility with general microeconomic theory (Gaynor, Kleiner &
Vogt, 2012). Few empirical papers tested this structural model due to its complexity. In
addition, large data requirement is one of the major obstacles for implementing this

model (Oxera, 2011).
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Primary Service Area (2011)

In 2011, the FTC and DOJ issued the Antitrust Enforcement Policy Statements
concerning ACOs. In these statements, different from previous ones, the geographic
market for health care services was defined as an empirically applicable method not as a
thought experiment. The hospital’s geographic market was defined as the primary service
area (PSA) which is “the lowest number of postal zip codes from which the ACO
participant draws at least 75 percent of its patients” (Federal Trade Commission and
Department of Justice, 2011). This PSA definition is not a sophisticated definition for
health care market, but it can be an effective tool for assessing market concentration

before and after hospital consolidations.

Significance of the Study

This essay aims to evaluate the effectiveness of the antitrust statements for horizontal
mergers and acquisitions, whether those statements can screen potential anticompetitive
hospital consolidations. The hospital market was defined as the PSA, following the FTC
antitrust statements regarding ACOs (Federal Trade Commission and Department of
Justice, 2011). Using patient level data from two health system formations in the previous
essay; Health System A and Health System B, this study examined whether the
anticompetitive hospital mergers and acquisitions could pass the antitrust safety zone test
or not.

The contributions of this study to the body of antitrust analysis are as follows.
First, this study evaluated the effectiveness of the DOJ and FTF’ antitrust statements

regarding horizontal hospital mergers and acquisitions. One health system formation in
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2004 that raised significant antitrust concerns will be used to check whether the antitrust
statements can screen this potentially anticompetitive health system formation. Second, a
new geographic market definition (PSA) by the DOJ and FTC was applied in the market
concentration analysis. Many antitrust studies were done by using different market
definitions, such as the Elzinga and Hogarty Test, critical loss analysis, and the structural
model by Gaynor and Vogt (2003). However, few antitrust studies were performed using
this PSA definition. Third, this study conducted an ex-post antitrust safety zone tests for
previous hospital mergers and acquisitions. The antitrust safety zone is designed to
encourage the hospital consolidations which the antitrust agencies evaluate as unlikely to
be anticompetitive (ex-ante). This essay however, performed the ex-post antitrust safety
zone tests to examine the effectiveness of the safety zone statements for hospital mergers
and acquisitions. This study can be a relevant reference for health care providers

considering mergers and acquisitions in the future.
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3. Conceptual Framework

General Standards for Horizontal Mergers and Acquisition

The DOJ and FTC guidelines for horizontal mergers and acquisitions explain the process
of antitrust analysis that the agencies uses to evaluate the anticompetitive effects of such
activities (Department of Justice and Federal Trade Commission, 2010). A horizontal
merger is defined as “the consolidation of direct rival firms those who supply
substitutable goods within overlapping geographic markets” (Posner, 1975). The
standards for horizontal mergers and acquisitions also apply to the health system
formations analyzed in this study, because those hospitals that had merged had
overlapping geographic markets.

Three categories of horizontal mergers and acquisitions were proposed to sort out
potentially anticompetitive mergers and acquisitions. First, mergers and acquisitions
resulting in an “unconcentrated”” market (HHI below 1500) will not be challenged by the
antitrust agencies. Such mergers in the unconcentrated markets have little chance to limit
competition or produce anticompetitive effects on the market. Second, mergers and
acquisitions resulting in a moderate centralization (HHI between 1500 and 2500) will not
be challenged by the antitrust agencies in some cases. When the post-merger HHI
increases less than 100 points in moderately centralized markets, the merger will not be
challenged by the antitrust agencies. However, the antitrust agencies will raise significant
antitrust concerns for mergers and acquisitions resulting in HHI increases of more than
100 points in a moderately centralized market. Third, mergers and acquisitions resulting
in a high degree of concentration (HHI above 2500) will be challenged by the antitrust

agencies in most cases. All mergers and acquisitions resulting in more than 100 HHI
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point increases are regarded by the antitrust agencies as raising significant antitrust
concerns. In addition, mergers and acquisitions resulting in HHI increases of more than
200 points are regarded as generating or reinforcing market power in the market

(Department of Justice and Federal Trade Commission, 2010).

Antitrust Safety Zone in Health Care

The Statement of Antitrust Enforcement Policy regarding health care industry introduced
an antitrust safety zone for hospital mergers and acquisitions which the Agencies evaluate
as less likely to be anticompetitive without any uncommon conditions (Department of

Justice and Federal Trade Commission, 1996).

Mergers Inside of the Antitrust Safety Zone
A hospital merger will fall within the antitrust safety zone under the following conditions:
1) Number of licensed beds in one of the merging parties has been fewer than 100
beds for the most recent three years before the merge;
2) Average number of daily inpatient census is fewer than 40 patients for the most

recent three years before the merge.

A general acute care hospital satisfying the previous conditions can be a dominant
hospital in a rural area. Even in that case, the antitrust agencies will evaluate any merger
involving the general acute care hospital as unlikely to be anticompetitive. In a rural
setting, hospital mergers and acquisitions, including the general acute care hospital with

less than 100 beds or 40 inpatient census, may enhance efficiencies of care and yield cost
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savings by economies of scale (Department of Justice and Federal Trade Commission,

1996).

Mergers Outside of the Antitrust Safety Zone
Hospital mergers and acquisitions falling outside the safety zone may not raise significant
antitrust concerns in the following cases:
1) Either a dominant participant in the market or differentiation among merging
parties would not allow the newly merged hospital to exercise market power;
2) Considerable cost saving would be generated by the merger;
3) A hospital most likely to close would be abolished by the merger (Department of

Justice and Federal Trade Commission, 1996).
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4. Methods

Data and Study Sample

This study examined whether the two health system formations analyzed in the previous
essay, Health System A and Health System B, can pass the antitrust safety zone test for
horizontal hospital mergers and acquisitions. The main data source for this essay is
MarketScan® Commercial Claims and Encounters Database, which is a unique private
insurance claims database that includes 23 million employees, dependents and retirees
from around 100 large private employers (Adamson, Chang & Hansen, 2008). This study
collected patient flow information from this detailed database, which includes patient and
hospital characteristics.

The AHA Annual Survey Database™ is another source used in this study.
Comprehensive hospital characteristics of US registered hospitals are covered by this
database, including organizational structure, facility and service lines, inpatient and
outpatient utilization, expenses, physician arrangements, staffing, corporate and
purchasing affiliations, and geographic indicators (AHA, 2008). This study collected total
facility admissions and inpatient days of Health System A and Health System B from the
AHA Annual Survey Database™ to assess hospital market shares pre and post health

system formation.

Health System A and B Formations

Hospital Al is a private, not-for-profit, general acute-care hospital in Atlanta, Georgia. In
2002 hospital Al had 27,577 admissions for various health care procedures in a 450-bed

facility (Figure 3.2). Two years later hospital Al and hospital A2 with 26 beds in Jasper,
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Georgia were merged into the Health System A, which is a moderately centralized health

system (MCHS).

Figure 3.2 Identified Health System Formation: System A (MCHS)

Hospital Al | Atlanta, Georgia

Hospital A2 | Jasper, Georgia

) _ _ Healthcare System A
Hospital A3 | Fayetteville, Georgia
Hospital A4 | Newnan, Georgia
Year 2002 2003 2004 2005 2006 2007

Note: 1) Hospital A3 was established and affiliated with Healthcare System A in 2005; 2) MCHS:
moderately centralized health system.
Source: AHA Annual Survey 2002 - 2007.

Hospital B1, located in Evansville, Indiana, had operated as a private, not-for-
profit tertiary hospital since 1893. In 2002, Hospital B1 was a 329-bed facility with
14,759 hospital admissions (Figure 3.3). In 2004, Hospital B1 and Hospital B2 with 78
beds, located in Newburgh, Indiana, merged into Health System B; a centralized health
and physician-insurance health system (CHPIHS). The Antitrust Agencies did not

challenge either of these health system formations at that time.

Figure 3.3 Identified Health System Formation: System B (CHPIHS)

Hospital B1 | Evansville, Indiana

Hospital B2 | Newburgh, Indiana Health System B

Hospital B3 | Evansville, Indiana

Year 2002 2003 2004 2005 2006 2007

Note: 1) Hospital B3was established and affiliated with Health System B in 2005; 2) CHPIHS:
centralized health and physician-insurance health system.
Source: AHA Annual Survey 2002 - 2007.
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Primary Service Area

This study adopted PSA as geographic market definition, following the FTC and DOJ
antitrust statements regarding ACOs (Federal Trade Commission and Department of
Justice, 2011). At least two merging parties need to be identified to delineate PSAs for a
health system formation. PSA is defined as “the lowest number of postal zip codes from
which a participant draws at least 75 percent of its patients” (Federal Trade Commission
and Department of Justice, 2011). PSA should be defined for each participant of the

hospital merger, but PSAs for merging parties can be identical.

Table 3.1 Hospital Al Patient Admissions By Zip Code

Zip Code Percent Cumulative
Atlanta, Georgia Zip 303 26.86 26.86
Atlanta, Georgia Zip 302 25.92 52.78
North Metro Area, Georgia ZIP 300 22.24 75.02
North Metro Area, Georgia ZIP 301 11.12 86.14
North Metro Area, Georgia ZIP 305 3.93 90.07
Others 9.93 100
Total 100

Note: 1) Hospital A1l admissions for year 2003; 2) Primary Service Area (PSA) is
defined as the lowest number of zip code area which cover at least 75 percent of
total admission.

Source: MarketScan® commercial claims data (2003).

Table 3.1 shows the 2003 patient admission distribution of Hospital A1 across
postal zip code from the MarketScan dataset. The PSA for hospital Al in 2003 included
three zip code areas: Atlanta, Georgia (Zip 303 and 302), and North Metro Area, Georgia
(ZIP 300). The PSA share of a hospital would be the hospital’s total admissions divided
by the total admissions for all residents in the PSA. When merging parties share zip code
areas for their PSAs, the PSA share for the newly merged health system should include

total admissions for both merging parties for the PSA. Table 3.2 also shows the 2003
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patient admission distribution of Hospital A2 across postal zip codes from the

MarketScan dataset. The PSA for A2 hospital includes North Metro Area, Georgia (ZIP

300, 301, and 305), and Nashville, Tennessee (ZIP 307). The overlapping zip code

between Hospital A1 and Hospital A2 is North Metro Area, Georgia ZIP 300.

Table 3.2 Hospital A2 Patient Distribution By Zip Code

Zip Code Percent Cumulative
North Metro Area, Georgia ZIP 301 31.25 31.25
Chattanooga, Tennessee ZIP 307 20.31 51.56
North Metro Area, Georgia ZIP 305 17.19 68.75
North Metro Area, Georgia ZIP 300 14.06 82.81
Atlanta, Georgia Zip 303 7.81 90.63
Others 9.37 100
Total 100

Note: 1) Hospital A2 admissions for year 2003; 2) Primary Service Area (PSA) is
defined as the lowest number of zip code area which cover at least 75 percent of

total admission.

Source: MarketScan® commercial claims data (2003).

Figure 3.4 PSAL for Hospital Al

Figure 3.5 PSA2 for Hospital A2
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as the lowest number of zip code area which cover at least 75 percent of total admission.
Source: MarketScan® commercial claims data (2003); 3 Digit Zip Code Boundary Map (2003).
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Although AHA annual survey data reported the total number of hospital
admissions and inpatient days, the AHA database did not include patient zip code
information. The MarketScan database includes patient zip code information but it only
covers a sub-sample of the total hospital admissions. This study used patient admission
distribution from MarketScan as a proxy for actual patient admission distribution across
zip code areas. Table A3.1 and A3.2 show the patient zip code distributions of Hospital
B1 and B2. Figure A3.1 and A3.2 show PSA 3 for Hospital B1 and PSA 4 for Hospital

B2.

Herfindahl-Hirschman Index

The Herfindahl-Hirschman Index (HHI), one of the most frequently used market
concentration measures, defined as the sum of squared market shares of a firm in the
relevant market (Rhoades, 1993). The Antitrust Agencies recommend HHI to assess
market concentration of a market for antitrust analysis (Department of Justice and Federal

Trade Commission, 1992). The HHI is calculated by
_ VN 2
HHI = YN, x7, (3.1)

where N refers total number of hospitals in a market, and x; refers market share for a
hospital i. Holding the market shares of other hospitals equal, the change in HHI when

hospital j and k would merge into a health system is calculated by
2 2 2
AHHI = (x; +x)" — (27 + x7)

= 2X;X (3.2)

110



Pre and Post merger changes in HHI are assessed for four PSAs: Hospital A1’s
PSA (PSA 1), Hospital A2’s PSA (PSA 2), Hospital B1’s PSA (PSA 3), and Hospital
B2’s PSA (PSA 4). The essay calculated the change in HHI before and after health
system formations and conducted the market concentration analysis for those health

system formations.
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5. Results

Table 3.3 shows the PSA shares of Health System A in all relevant PSAs. The PSA

shares of Healthcare System A should be assessed in all merging parties’ PSAs (PSA 1

and PSA 2). PSA 1, which is the market for Hospital A1, covers North Metro Area and

Atlanta, Georgia (Zip Codes 300, 302, and 303). The total number of admissions for all

residents in PSA 1 was 106,559 in 2003. Health System A’s (including Al and A2) total

number of admissions was 20,949 at that time. The market share of Health System A was

19.66% in the PSA 1. When measured by inpatient days, the market share of Health

System A was 11.44%.

Table 3.3 PSA Shares of Health System A in PSA 1 and PSA 2

PSAl PSA2

Zip Code Area Hospital Al Hospital A2

Admissions  Inpatient Days Admissions Inpatient Days
North Metro Area, Georgia ZIP 300 6,332 27,496 6,332 27,496
North Metro Area, Georgia ZIP 301 . . 383 1,257
Atlanta, Georgia Zip 302 7,179 31,387
Atlanta, Georgia Zip 303 7,438 32,525 . .
North Metro Area, Georgia ZIP 305 211 691
Chattanooga, Tennessee ZIP 307 249 817
System Total 20,949 91,408 7,175 30,260
PSA Total 106,559 798,821 114,603 804,664
System's PSA Share 19.66% 11.44% 6.04% 3.76%

Note: 1) Market shares calculated for year 2003; 2) Primary Service Area (PSA) is defined as the
lowest number of zip code areas which cover at least 75 percent of total admission; 3) Hospitals

with less than 10 admissions are not included in the PSA share calculation.
Source: 1) MarketScan® commercial claims data (2003); 2) AHA Annual Survey Data (2003).

PSA 2, which is the market for Hospital A2, covers North Metro Area and Atlanta,

Georgia, and Nashville, Tennessee (Zip Codes 300, 301,305 and 307). The total

admissions for all residents in the PSA 2 were 114,603 in 2003. Health System A’s total

1
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admissions were 7,175 in 2003. The market share of Health System A was 6.04% in the

PSA 2. When measured by inpatient days, the market share of Health System A was 3.76%

Table 3.4 PSA Shares of Health System B in PSA 3 and PSA 4

PSA3 PSA 4

Zip Code Area Hospital B1 Hospital B2

Admissions  Inpatient Days | Admissions  Inpatient Days
Owenshoro, Kentucky Zip 423 . . 331 1,304
Terre Haute, Indiana Zip 475 . . 578 2,271
Evansville, Indiana Zip 476 7,202 40,724 7,202 40,724
Evansville, Indiana Zip 477 7,051 38,471 7,051 38,471
System Total 14,253 79,195 15,162 82,770
PSA Total 14,486 80,375 17,407 92,977
System's PSA Share 98.40% 98.53% 87.10% 89.02%

Note: 1) Market shares calculated for year 2003; 2) Primary Service Area (PSA) is defined as the lowest
number of zip code areas which cover at least 75 percent of total admission; 3) Hospitals with less than
10 admissions are not included in the PSA share calculation.

Source: 1) MarketScan® commercial claims data (2003); 2) AHA Annual Survey Data (2003).

Table 3.4 also shows the PSA shares of Health System B in all relevant PSAs.
The PSA shares of Health System B should be assessed for all merging parties PSAs
(PSA 3 and PSA 4). PSA 3, which is the market for Hospital B1, covers Evansville,
Indiana (Zip Codes 476, and 477). The total number of admissions for all residents in the
PSA 3 was 14,486 in 2003. The Healthcare System B’s (including hospital B1 and B2)
total number of admissions was 14,253 at that time. The market share of Health System B
was 98.40% in the PSA 3. When measured by inpatient days, the market share of Health
System B was 98.53%.

PSA 4, which is the market for Hospital B2, covers Owensboro, Kentucky, Terre
Haute and Evansville, Indiana (Zip Codes 423, 475, 476, and 477). The total admissions
for all residents in PSA 4 were 17,407 in 2003. Health System B’s total admissions were
15,162 in 2003. The market share of Health System B was 87.10% in PSA 4. When

measured by inpatient days, the market share of Health System B was 89.02%.
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Change in market concentration (PSA 1) after System A formation is shown in

table 3.5. In 2003 Hospital Al was the second largest health care provider in PSA 1,

while Hospital A2 was the second lowest health care provider in PSA 1. After the health

system formation in 2004, Health System A maintained as the second largest health care

provider in the market. HHI for PSA 1 increased from 1386.6 to 1392.9, 6.3 points.

According to the Horizontal Merger Guidelines by the Antitrust Agencies, this PSA fell

into the category of “unconcentrated” market, defined as HHI less than 1,500

(Department of Justice and Federal Trade Commission, 2010). Health System A was not

challenged by the Antitrust Agencies because this system formation was occurred in the

unconcentrated market.

Table 3.5 Market Concentration Pre and Post System A Formation (PSA 1)

Providers Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Health System E 24,106 22.6 511.8 24,106 22.6 511.8
Hospital Al 20,777 19.5 380.2 20,949 19.7 386.5
Health System D 13,197 12.4 1534 13,197 12.4 153.4
Health System | 10,278 9.6 93.0 10,278 9.6 93.0
Health System C 9,999 9.4 88.1 9,999 9.4 88.1
Hospital L 8,550 8.0 64.4 8,550 8.0 64.4
Health System F 8,054 7.6 57.1 8,054 7.6 57.1
Health System G 4,862 4.6 20.8 4,862 4.6 20.8
Hospital N 4,285 4.0 16.2 4,285 4.0 16.2
Hospital M 1050 1.0 1.0 1050 1.0 1.0
Health System H 869 0.8 0.7 869 0.8 0.7
Hospital Q 285 0.3 0.1 285 0.3 0.1
Hospital A2 172 0.2 0.0 . .
Hospital O 74 0.1 0.0 74 0.1 0.0
PSA Total 106,559 100.0 1386.6 106,559 100.0 1392.9

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not included
in the PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of zip code
areas which cover at least 75 percent of total admission; 4) Market share of a hospital or a system | is

measured by the number of hospital admissions in 2003.

Source: MarketScan® commercial claims and encounter data (2003), AHA Annual Survey Data (2003).



Table 3.6 shows the change in market concentration (PSA 2) after System A
formation. For this market, Hospital A1 was the sixth largest health care provider, while
Hospital A2 was the fourth lowest health care provider. After the health system formation
in 2004, Health System A kept being the sixth largest health care provider in the market.
HHI for PSA 2 increased from 1727.3 to 1736.8, 9.5 points. PSA 2 fell into the category
of “moderately concentrated” market, defined as HHI between 1,500 and 2500
(Department of Justice and Federal Trade Commission, 2010). The HHI increase of 9.5
points was interpreted as a “small change in concentration;” hence the antitrust agencies

did not challenge the health system formation in 2004.

Table 3.6 Market Concentration Pre and Post System A Formation (PSA 2)

System Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Health System | 35,439 30.9 956.2 35,439 30.9 956.2
Health System F 18,978 16.6 274.2 18,978 16.6 274.2
Health System E 16,874 14.7 216.8 16,874 14.7 216.8
Health System D 14,488 12.6 159.8 14,488 12.6 159.8
Health System G 8,200 7.2 51.2 8,200 7.2 51.2
Hospital Al 6,159 5.4 28.9 7,175 6.3 39.2
Health System C 5,082 4.4 19.7 5,082 4.4 19.7
Hospital N 3,988 35 12.1 3,988 35 121
Hospital Q 2,944 2.6 6.6 2,944 2.6 6.6
Health System H 1087 0.9 0.9 1087 0.9 0.9
Hospital A2 1,015 0.9 0.8 .
Hospital L 176 0.2 0.0 176 0.2 0.0
Hospital M 132 0.1 0.0 132 0.1 0.0
Hospital O 40 0.0 0.0 40 0.0 0.0
PSA Total 114,603 100.0 1727.3 114,603 100.0 1736.8

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not
included in the PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of
zip code areas which cover at least 75 percent of total admission.

Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data
(2003).
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Change in market concentration (PSA 3) after System B formation is shown in
table 3.7. In 2003, Hospital B1 was the largest health care provider in PSA 3, while
Women's Hospital was the second largest health care provider in PSA 3. After the health
system formation in 2004, Health System A became a dominant provider in the market.
HHI for PSA 3 increased from 7454.3 to 9682.9, 2228.6 points. According to the
Horizontal Merger Guidelines by the antitrust agencies, this PSA fell into the category of
“ highly concentrated” market, defined as HHI over 2,500 (Department of Justice and
Federal Trade Commission, 2010). HHI increase of 2228.6 points was interpreted as
generating and reinforcing market power in the market, and system formation should
have raised significant antitrust concerns. However, the number of licensed beds in
Hospital B2 (57 beds) was below 100 beds in 2003. Hence, the system formation fell into

the Antitrust Safety Zone, and the antitrust agencies did not challenge it.

Table 3.7 Market Concentration Pre and Post System Formation B (PSA 3)

Providers Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Hospital B1 12,362 85.3 7282.8 14,253 98.4 9681.9
Hospital B2 1,891 13.1 170.5 . . .
Health System J 120 0.8 0.7 120 0.8 0.7
Hospital R 71 0.5 0.2 71 0.5 0.2
Hospital S 42 0.3 0.1 42 0.3 0.1
PSA Total 14,486 100.0 7454.3 14,486 100.0 9682.9

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not included in
the PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of zip code areas
which cover at least 75 percent of total admission.

Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data (2003).

Table 3.8 shows change in market concentration (PSA 8) after System B
formation. For this market, Hospital B1 was the largest health care provider, while

Hospital B2 was the second largest health care provider.
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Table 3.8 Market Concentration Pre and Post System B Formation (PSA4)

Providers Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Hospital B1 12,362 71.0 5043.7 : . .
Hospital B2 2,800 16.1 258.7 15,162 87.10 7587.0
Hospital R 1,904 10.9 119.7 1,904 10.94 119.6
Health System J 239 1.4 1.9 239 1.37 1.9
Hospital T 43 0.2 0.1 43 0.25 0.1
Hospital S 42 0.2 0.1 42 0.24 0.1
Hospital O 17 0.1 0.0 17 0.10 0.0
PSA Total 17,407 100.0 5424.2 17,407 100.0 7708.7

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not included in the
PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of zip code areas which

cover at least 75 percent of total admission.
Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data (2003).

After the health system formation in 2004, Health System B maintained as the

largest health care provider in the market. HHI for PSA 4 increased from 5424.2 to

7708.7, 2284.5points. PSA 4 also fell into the category of “highly concentrated” market,

defined as HHI over 2500 (Department of Justice and Federal Trade Commission, 2010).

HHI increase of 2224.5 points was interpreted as generating and reinforcing market

power in the market, and it should be interpreted as highly likely to be anticompetitive by

the antitrust agencies. However, it was not challenged because number of licensed beds

in one of the merging parties (Hospital B2 with 57 beds) was below 100 beds.
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6. Discussion

This essay assessed the changes in market share and market concentration after Health
System A and B formations, using PSA as the geographic market definition. The results
(ex-post) in the previous essay showed that Health System A formation was more likely
to be procompetitive while Health System B formation was more likely to be
anticompetitive. According to the general antitrust statements on horizontal mergers and
acquisitions, Health System A formation was interpreted (ex-ante) as less likely to be
anticompetitive, while Health System B formation was interpreted (ex-ante) as more
likely to be anticompetitive. However, Health System B formation was not challenged by
the antitrust agencies because Hospital B2 has a limited number of licensed beds. The
results suggest that current antitrust safety zone rules may be too broadly determined, so
potentially anticompetitive hospital consolidations can be exempt from comprehensive
antitrust review.

Health System B is located in a less populated area (Evansville, Indiana),
compared to Health System A (Atlanta, Georgia). The total admissions in PSA 1 and 2
were 106,559 and 114,603 in 2003, which were approximately 10 times bigger than the
total admissions in PSA 3 and 4 (14,486 and 17,407). One of the reasons for providing
the Antitrust Safety Zone was to encourage potentially cost-saving mergers and
acquisitions among rural hospitals that cannot achieve efficiency from economies of scale
(Department of Justice and Federal Trade Commission, 1996). However, the case of
Health System B showed that hospital consolidations within the Antitrust Safety Zone

can also reinforce market power. In addition, Evansville is located inside a metropolitan
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statistical area (MSA), so Health System B cannot be interpreted as a rural health care
provider by a common definition (Cordes, 1989).

The PSA definition by the antitrust agencies may be too narrow, compared to
other existing market definitions. The PSA definition covers at least 75 percent of
hospitals’ patients while other measures approved by the courts were almost 90 percent
of hospitals’ patients (Miles, 2011). This essay conducted a sensitivity analysis using
other threshold for market definition: 90 percent. Table 3.9 shows the sensitivity analysis

results for Health System B.

Table 3.9 Change in HHI Pre and Post System Formation by Market Definition

Market HHI (PSA 75%) HHI (PSA 90%)

Pre Post Diff Pre Post Diff
PSA 1 1,386.6 1,392.9 6.3 1,352.3 1,365.6 13.3
PSA 2 1,727.3 1,736.8 9.5 1,502.2 1,520.1 17.8
PSA 3 7,454.3 9,682.9 2,228.6 3,255.2 3,969.6 714.4
PSA 4 5,424.2 7,708.7 2,284.5 3,901.0 5,008.9 1,108.0

Note: 1) Market shares calculated for year 2003; 2) PSA: Primary Service Area; 3) Market share is
measured by the portion of hospital admissions; 4) Hospitals with less than 10 admissions are not included
in the PSA share calculation.

Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data
(2003)

In Table 3.9, the post-merger market concentration (HHI) in PSA 1 and PSA 2
decreased when the PSA definition changed from 75 percent to 90 percent. Similarly, the
post-merger market concentration in PSA 3 and PSA 4 also dropped dramatically when
the definition changed from 75 to 90 percent. Health System A formation in PSA 1 and 2
will not raise significant antitrust concerns, because the HHI increases due to Health
System A formation were less than 100 points under the new definition (13.3 and 17.8
respectively). Health System B formation still raises significant antitrust concerns

because the HHI increases due to the system formation were larger than 200 points under
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the new definition (714.4 and 1,108.0 respectively). However, Health System B will fall
inside of the Antitrust Safety Zone due to the limited number of licensed beds, and will
not be challenged by the Antitrust Agencies.

Giving explicit limits of hospital consolidation is not the purpose of the Antitrust
Safety Zone. The Antitrust Safety Zone was designed to encourage hospital
consolidations that “are unlikely to raise substantial competitive concerns” (Department
of Justice and Federal Trade Commission, 1996). However, this essay found evidence
that hospital consolidations inside the Safety Zone can raise significant antitrust concerns.
The results of this study suggest that a more deliberate antitrust safety zone that can
separate anticompetitive consolidations from procompetitive consolidations is needed,
considering the highly degree of concentration in U.S. health care markets.

The results of this essay are open to several limitations. The PSA shares in this
essay are dependent on patient distribution from MarketScan claims data, which is not an
exhaustive set for all hospital discharges. The actual patient flow in each hospital is
assumed to be similar to the sample patient flow from MarketScan claims data. In
addition, this essay cannot separately assess individual market share at major diagnostic
categories (MDCs) level. Market share assessment across MDCs could produce more

accurate market shares and might be a good topic for future research.
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Appendix

Table Al1.1 Empirical Studies Examining the Price Effects of Health System and Network Affiliation

Authors Data Source & Period z:latl;:ls Price Measure System/Network Measure Results
Dranove & Shanley (1995) CA Office of Statewide Health Hospital &  Average price Indicator variable No association
Planning and Development System (System =1) between system and price
(OSHPD), 1988
Young, Desai, & Hellinger CA & OH OSHPD, 1990-1995 Hospital Average price Indicator variable Positive association
(2000) (System =1), between system and price
Local vs nonlocal
Krishnan (2001) CA & OH OSHPD, 1994-1995 Hospital Average price Pre-and-post comparison Positive association
(System =1) between system and price
Cuellar & Gertler (2005) State hospital financial and Hospital Average price Indicator variable Positive association
hospital discharge data (AZ, FL, (System =1) between system and price
MA, & WI), 1995-2000
Burgess, Carey, & Young CA OSHPD, 1994-1998 Hospital Average price Indicator variable Positive association
(2005) (System/Network = 1) between system/network
HHI (System & Network) and price
Melnick & Keeler (2007) CA & OH OSHPD, 1998-2003 Hospital Average price Large vs Small system, Positive association
Local-system competitor between system and price
Brooks, Dor, & Wong (1997)  MarketScan, 1988-1992 Admission  Transaction Indicator variable Positive association
Price (System =1) between system and price
Capps & Dranove (2004) Confidential, 1997-2001 Hospital Transaction Pre-and-post comparison Positive association
Price (System =1) between system and price
Dor, Grossman, & Koroukian ~ MarketScan, 1995-1996 Admission  Transaction Indirectly estimated Positive association
(2004) Price through HHI between HHI and price
Dor, Koroukian, & Grossman  MarketScan, 1995-1996 Admission  Transaction Indirectly estimated Positive association
(2004) Price through HHI between HHI and price
Moriya, Vogt, & Gaynor MarketScan, 2001-2003 Hospital Mean of Indirectly estimated Positive association
(2010) Transaction through HHI between HHI and price
Prices
Dor, Koroukian, Xu, Stulberg, MarketScan, 2002-2007 Admission  Transaction Indicator Variable No association

Delaney, & Cooper (2012)

Price

(System =1)

between system and price
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Figure Al.1 The Final CABG Sample and Exclusion Criteria

MarketScan 2002-2007
Unit of Analysis: a hospital admission
(n= 8,104,571)

CABG Cases
(n=53,392) |
Excluded CABG Cases
Outliers w/ 3 percentile cutoffs
(n=3,215)
CABG Cases
Admissions w/o outliers
(n=50,177) |
Excluded CABG Cases
Admissions w/o Principal Procedure
(n=21,710)
CABG Cases

Admissions w/o outliers
and w/Principal Procedure

(n=28,467)
Excluded CABG Cases
Admissions w/o AHA ldentifier (AHA ID)
(n =13,203)
CABG Cases

Admissions w/o outliers
and w/Principal Procedure and AHA 1D
(n =15,264)

138




Figure Al.2 The Final PCI Sample and Exclusion Criteria

MarketScan 2002-2007
Unit of Analysis: a hospital admission
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Table A2.1 Probit Analysis of Probability of System Formation

CABG PCI
System A System B System A System B
(MCHS) (CHPIHS) (MCHS) (CHPIHS)
Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.

Medicare share 0.9036*** (0.1311) | -0.6222***  (0.1464) 0.7086***  (0.0577) | -0.5930***  (0.0663)
Medicaid share -1.0665***  (0.1702) | 0.6157***  (0.1765) -0.7580***  (0.0750) | 1.1149***  (0.0804)
Teaching -0.1157***  (0.0268) | 0.4033***  (0.0278) -0.0687***  (0.0120) | 0.2783***  (0.0124)
Private nonprofit -0.0110 (0.0367) | 0.4053***  (0.0440) 0.0194 (0.0157) | 0.3542***  (0.0186)
Private for-profit -0.8812***  (0.0652) | -1.2826***  (0.1825) -0.4800***  (0.0230) | -1.6260***  (0.0994)
SNF/LTC Share -1.6007***  (0.2090) | -0.5159** (0.2259) -1.2773***  (0.0860) | -0.3710***  (0.0946)
Urbanization 0.0057*** (0.0005) | 0.0050***  (0.0005) 0.0006***  (0.0002) | 0.0063***  (0.0002)
Market beds / 1000 0.0083*** (0.0004) | 0.0010** (0.0005) 0.0021***  (0.0000) | 0.0006***  (0.0000)
HMO Penetration X 10 0.0274*** (0.0077) | 0.0069 (0.0085) 0.0127***  (0.0035) | 0.0215***  (0.0039)
HHI System-Network X 10 0.0108 (0.0116) | 0.2017***  (0.0112) 0.0144***  (0.0047) | 0.1928***  (0.0046)
Number of hospitals in market -0.0026***  (0.0006) | 0.0084***  (0.0007) 0.0003 (0.0003) | 0.0067***  (0.0003)
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Table A2.2 Means and Bias Reduction in Matched and Unmatched Samples (CABG Sample for System B)

CABG CHPIHS Mean Bias t-test
Variable Sample Treated Control %bias %reduction t p>t
Medicare share Unmatched 0.410 0.440 -31.9 -13.560 0.000
Matched 0.410 0.400 9.4 70.4 3.250 0.001
Medicaid share Unmatched 0.157 0.145 14.8 6.330 0.000
Matched 0.157 0.178 -21.7 -86.9 -8.470 0.000
Urbanization Unmatched 19.362 12.608 28.3 13.100 0.000
Matched 19.362 23.827 -18.7 33.9 -5.250 0.000
Teaching Unmatched 0.512 0.263 52.9 24.970 0.000
Matched 0.512 0.445 14.3 73.0 4.490 0.000
Private nonprofit Unmatched 0.931 0.766 47.4 18.040 0.000
Matched 0.931 0.920 3.2 93.2 1.430 0.152
Private for-profit Unmatched 0.001 0.108 -48.2 -16.120 0.000
Matched 0.001 0.001 0.0 100.0 0.000 1.000
SNF/LTC Share Unmatched 0.022 0.027 -9.0 -3.870 0.000
Matched 0.022 0.023 -3.1 65.7 -1.060 0.291
Market beds / 1000 Unmatched 31.728 25.665 21.2 10.020 0.000
Matched 31.728 18.842 45.1 -112.5 16.030 0.000
HMO Penetration X 10 Unmatched 2.620 2.326 19.1 8.460 0.000
Matched 2.620 2.700 -5.2 72.7 -1.760 0.078
HHI System-Network X 10 Unmatched 2.057 1.856 144 7.170 0.000
Matched 2.057 2.158 -7.2 49.9 -2.060 0.039
Number of hospitals in market Unmatched 39.762 34.116 20.8 9.850 0.000
Matched 39.762 37.737 7.4 64.1 2.360 0.018

Note: 1) SNF: Skilled Nursing Facilities; 2) LTC: Long Term Care Facilities; 3) CHPIHS: Centralized Health and Physician-Insurance Health
System; 4) ***significant at 1% level ** significant at 5% level, * significant at 10% level.
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Table A2.3 Means and Bias Reduction in Matched and Unmatched Samples (PCI Sample for System B)

PCI CHPIHS Mean Bias t-test
Variable Sample Treated Control %bias %reduction t p>t
Medicare share Unmatched 0.419 0.448 -30.2 -30.940 0.000
Matched 0.419 0.406 13.2 56.3 9.640 0.000
Medicaid share Unmatched 0.160 0.144 21.8 21.460 0.000
Matched 0.160 0.184 -30.8 -41.2 -20.130 0.000
Urbanization Unmatched 19.508 11.688 311 34.520 0.000
Matched 19.508 18.985 2.1 93.3 1.410 0.158
Teaching Unmatched 0.402 0.219 40.3 44.990 0.000
Matched 0.402 0.296 23.2 42.3 17.300 0.000
Private nonprofit Unmatched 0.923 0.759 46.2 41.360 0.000
Matched 0.923 0.864 16.5 64.2 14.950 0.000
Private for-profit Unmatched 0.001 0.120 -51.6 -40.270 0.000
Matched 0.001 0.001 0.0 100.0 0.000 1.000
SNF/LTC Share Unmatched 0.023 0.027 -7.8 -7.560 0.000
Matched 0.023 0.029 -9.7 -24.2 -7.390 0.000
Market beds / 1000 Unmatched 151.960 126.630 16.9 18.080 0.000
Matched 151.960 71.955 53.3 -215.8 47.270 0.000
HMO Penetration X 10 Unmatched 2.518 2.261 18.0 18.020 0.000
Matched 2.518 2.906 -27.1 -50.3 -19.780 0.000
HHI System-Network X 10 Unmatched 2.249 1.960 19.0 22.740 0.000
Matched 2.249 2.559 -20.3 -7.2 -11.930 0.000
Number of hospitals in market Unmatched 35.358 32.504 11.5 12.210 0.000
Matched 35.358 35.803 -1.8 84.4 -1.250 0.212

Note: 1) SNF: Skilled Nursing Facilities; 2) LTC: Long Term Care Facilities; 3) CHPIHS: Centralized Health and Physician-Insurance Health
System; 4) ***significant at 1% level ** significant at 5% level, * significant at 10% level.
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Table A2.4 Means and Bias Reduction in Matched and Unmatched Samples (CABG Sample for System A)

CABG MCHS Mean Bias t-test
Variable Sample Treated Control %bias %reduction t p>t
Medicare share Unmatched 0.451 0.435 16.2 8.610 0.000
Matched 0.451 0.462 -10.4 35.9 -4.210 0.000
Medicaid share Unmatched 0.124 0.150 -31.6 -16.630 0.000
Matched 0.124 0.125 -0.6 98.2 -0.260 0.794
Urbanization Unmatched 18.754 12.361 26.3 14.620 0.000
Matched 18.754 23.542 -19.7 25.1 -6.760 0.000
Teaching Unmatched 0.278 0.289 -2.3 -1.180 0.238
Matched 0.278 0.123 34.5 -1431.7 15.870 0.000
Private nonprofit Unmatched 0.882 0.765 31 14.960 0.000
Matched 0.882 0.901 -4.9 84.1 -2.400 0.016
Private for-profit Unmatched 0.021 0.110 -36.7 -15.920 0.000
Matched 0.021 0.025 -15 95.8 -1.000 0.315
SNF/LTC Share Unmatched 0.018 0.028 -17.4 -8.590 0.000
Matched 0.018 0.024 -11.5 33.7 -5.030 0.000
Market beds / 1000 Unmatched 38.325 24.277 44.6 27.720 0.000
Matched 38.325 31.721 20.9 53 7.120 0.000
HMO Penetration X 10 Unmatched 2.416 2.344 5 2.460 0.014
Matched 2.416 2.706 -19.8 -298.2 -7.860 0.000
HHI System-Network X 10 Unmatched 1.742 1.898 -12.8 -6.550 0.000
Matched 1.742 1.743 -0.1 99.3 -0.040 0.970
Number of hospitals in market Unmatched 38.132 34.093 15.9 8.290 0.000
Matched 38.132 37.399 2.9 81.9 1.180 0.237

Note: 1) SNF: Skilled Nursing Facilities; 2) LTC: Long Term Care Facilities; 3) MCHS: Moderately Centralized Health System; 4)
***gignificant at 1% level ** significant at 5% level, * significant at 10% level.
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Table A2.5 Means and Bias Reduction in Matched and Unmatched Samples (PCI Sample for System A)

PCI MCHS Mean Bias t-test
Variable Sample Treated Control %bias %reduction t p>t
Medicare share Unmatched 0.463 0.442 21.0 26.950 0.000
Matched 0.463 0.460 2.8 86.8 2.750 0.006
Medicaid share Unmatched 0.124 0.150 -32.5 -42.430 0.000
Matched 0.124 0.149 -30.9 4.7 -28.790 0.000
Urbanization Unmatched 13.431 12.322 4.8 5.990 0.000
Matched 13.431 11.829 7.0 -44.4 7.140 0.000
Teaching Unmatched 0.223 0.241 -4.3 -5.390 0.000
Matched 0.223 0.117 25.2 -492.8 28.430 0.000
Private nonprofit Unmatched 0.857 0.759 25.0 30.080 0.000
Matched 0.857 0.860 -0.8 97.0 -0.840 0.402
Private for-profit Unmatched 0.045 0.120 -27.6 -31.210 0.000
Matched 0.045 0.045 0.0 100.0 0.000 1.000
SNF/LTC Share Unmatched 0.017 0.029 -20.5 -24.190 0.000
Matched 0.017 0.023 -10.2 50.2 -10.270 0.000
Market beds / 1000 Unmatched 216.710 111.120 65.4 96.170 0.000
Matched 216.710 226.470 -6.0 90.8 -4.740 0.000
HMO Penetration X 10 Unmatched 2.225 2.301 -5.4 -6.550 0.000
Matched 2.225 2.572 -24.4 -355.8 -23.940 0.000
HHI System-Network X 10 Unmatched 1.802 2.030 -17.9 -22.060 0.000
Matched 1.802 1.458 26.9 -50.7 30.590 0.000
Number of hospitals in market Unmatched 36.645 32.006 18.9 24.450 0.000
Matched 36.645 45.567 -36.4 -92.3 -33.490 0.000

Note: 1) SNF: Skilled Nursing Facilities; 2) LTC: Long Term Care Facilities; 3) MCHS: Moderately Centralized Health System; 4)
***gignificant at 1% level ** significant at 5% level, * significant at 10% level.
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Table A3.1 Hospital B1 Patient Distribution By Zip Code

Zip Code Percent Cumulative
Evansville, Indiana Zip 476 42.43 42.43
Evansville, Indiana Zip 477 36.74 79.17
Centralia, Indiana Zip 628 6.08 85.25
Evansville, Indiana Zip 424 5.69 90.94
Terre Haute, Indiana Zip 475 5.05 95.99
Others 4.01 100
Total 100

Note: 1) Hospital B1 admissions for year 2003; 2) Primary Service Area (PSA) is
defined as the lowest number of zip code area which cover at least 75 percent of
total admission.

Source: MarketScan® commercial claims data (2003).

Table A3.2 Hospital B2 Patient Distribution By Zip Code

Zip Code Percent Cumulative
Evansville, Indiana Zip 477 37.73 37.73
Terre Haute, Indiana Zip 475 16.56 54.29
Evansville, Indiana Zip 476 16.56 70.85
Owensboro, Kentucky Zip 423 9.51 80.36
Evansville, Indiana Zip 424 7.67 88.03
Others 11.97 100
Total 100

Note: 1) Hospital B2 admissions for year 2003; 2) Primary Service Area (PSA) is
defined as the lowest number of zip code area which cover at least 75 percent of
total admission.

Source: MarketScan® commercial claims data (2003).
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Figure A3.1 PSA3 for Hospital B1 Figure A3.2 PSA4 for Hospital B2
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Note: 1) Zip codes for PSAs of Hospital B1 and B2 ; 2) Primary Service Area (PSA) is defined
as the lowest number of zip code area which cover at least 75 percent of total admission.
Source: MarketScan® commercial claims data (2003); 3 Digit Zip Code Boundary Map (2003).
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Table A3.3 Market Concentration Pre and Post System A Formation (PSA 1)

System Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Health System | 35,879 21.2 448.0 35,879 21.2 448.0
Health System E 31,157 18.4 337.8 31,157 18.4 337.8
Hospital Al 24,945 14.7 216.5 25,711 15.2 230.0
Health System D 19,042 11.2 126.2 19,042 11.2 126.2
Health System F 17,334 10.2 104.6 17,334 10.2 104.6
Health System C 12,163 7.2 51.5 12,163 7.2 515
Health System G 9,442 5.6 31.0 9,442 5.6 31.0
Hospital L 8,550 5.0 254 8,550 5.0 254
Hospital N 4,312 25 6.5 4,312 2.5 6.5
Hospital Q 3008 1.8 3.1 3008 1.8 3.1
Health System H 1,739 1.0 1.1 1,739 1.0 1.1
Hospital M 1,107 0.7 0.4 1,107 0.7 0.4
Hospital A2 766 0.5 0.2 : . .
Hospital O 74 0.0 0.0 74 0.0 0.0
PSA Total 169,518 100.0 1,352.3 169,518 100.0 1365.6

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not included in
the PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of zip code areas

which cover at least 90 percent of total admission.
Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data (2003).
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Table A3.4 Market Concentration Pre and Post System A Formation (PSA 2)

System Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Health System | 35,817 25.2 633.3 35,817 25.2 633.3
Health System E 23,907 16.8 282.1 23,907 16.8 282.1
Health System F 18,997 13.3 178.1 18,997 13.3 178.1
Health System D 17,971 12.6 159.4 17,971 12.6 159.4
Hospital Al 17,791 12.5 156.3 18,807 13.2 174.6
Health System G 9,218 6.5 41.9 9,218 6.5 41.9
Health System C 8,721 6.1 37.5 8,721 6.1 375
Hospital N 3,988 2.8 7.9 3,988 2.8 7.9
Hospital Q 2,965 2.1 4.3 2,965 2.1 4.3
Health System H 1159 0.8 0.7 1159 0.8 0.7
Hospital A2 1,015 0.7 0.5 . : .
Hospital L 484 0.3 0.1 484 0.3 0.1
Hospital M 237 0.2 0.0 237 0.2 0.0
Hospital O 57 0.0 0.0 57 0.0 0.0
PSA Total 142,330 100.0 1502.2 142,330 100.0 1520.1

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not included in
the PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of zip code areas

which cover at least 90 percent of total admission.
Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data (2003).
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Table A3.5 Market Concentration Pre and Post System B Formation (PSA 3)

System Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Hospital B1 13,312 47.0 2206.0 15,470 54.6 2979.5
Hospital R 8,394 29.6 877.2 8,394 29.6 877.2
Hospital T 2,569 9.1 82.1 2,569 9.1 82.1
Hospital B2 2,159 7.6 58.0 . . .
Health System J 1,574 5.6 30.9 1,574 5.6 30.9
Health System K 291 1.0 11 291 1.0 1.1
Health System C 44 0.2 0.0 44 0.2 0.0
PSA Total 28,342 100.0 3255.2 28,342 100.0 3969.6

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not included in
the PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of zip code areas

which cover at least 90 percent of total admission.
Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data (2003).

Table A3.6 Market Concentration Pre and Post System B Formation (PSA 4)

System Pre System Formation Post System Formation
Admission Share HHI Admission Share HHI

Hospital B1 12,362 47.3 2,233.1 15,429 59.0 3,478.5
Hospital R 10,228 39.1 1,528.5 10,228 39.1 1,528.5
Hospital B2 3,067 11.7 137.4 . . .
Health System J 359 1.4 1.9 359 1.4 1.9
Health System C 44 0.2 0.0 44 0.2 0.0
Hospital T 43 0.2 0.0 43 0.2 0.0
Hospital S 42 0.2 0.0 42 0.2 0.0
Hospital O 17 0.1 0.0 17 0.1 0.0
PSA Total 26,161 100.0 3,901.0 26,161 100.0 5008.9

Note: 1) Market shares calculated for year 2003; 2) Hospitals with less than 10 admissions are not included in
the PSA share calculation; 3) Primary Service Area (PSA) is defined as the lowest number of zip code area

which cover at least 90 percent of total admission.
Source: MarketScan® commercial claims and encounter database (2003), AHA Annual Survey Data (2003).
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