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ABSTRACT

The Impact of Star Physicians on Diffusion of a Medical
Technology

Laura Shinn
Temple University
January, 2011
Professor Erwin A. Blackstone, Chair
This dissertation studies the effect of star power
among physicians on the diffusion of a medical technology.
Studies of the diffusion of medical technologies document
institutional and market level factors influencing
diffusion rates and patterns. The role of the physician in
the diffusion of medical technology in hospitals is not
widely studied. This dissertation seeks to fill this gap.
Certain fAstar o phy bospitdlsane eecognizat as
highly attractive to patients. A star physician is defined
as a physician who meets any of the following criteria:
(i) completed residency training at top 30 ranked hospital,
(ii) graduated from a top 30 medical school or (ii ) is
included in Castle & Connollyds Top Docs p
star hospital is defined as a member of the American
Association of Medical Colleges 6 Council of Teaching

Hospitals.



Using quarterly data on all bariatric surgeries
performed in the state of Pennsylvania from 1995 through
2007, | measure the effect of stars physicians and star
hospitals on the diffusion of a surgical innovation in
bariatric surgery called laparoscopic gastric bypass
surgery. | use logistic and OLS regression to test for
effe cts at both the hospital and physician level. At the
hospital level, | find that having a star physician at a

hospital raises the likelihood of that hospital diffusing

laparos copic gastric bypass from eleven percent to eighty

nine percent. |find that ov er the time period from first
quarter 2000 to fourth quarter 2001, being a star hospital

raises the likelihood of that hospital diffusing

laparo scopic gastric bypass from thir teen percent to
eighty -seven percent. Atthe physician level, the

empirical resu Its indicate that star physicians exert

positive asymmetric influence on the adoption and

utilization rates of non - stars at the same hospital.

dissertation supports earlier work in technology diffusion

by finding a positive influence from key individ uals.

adds to the literature on medical technology diffusion by

testing a new data set for a chronic disease treatment.

This
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CHAPTER 1

INTRODUCTION

Over two thirds of U.S. adults are overweight or
obese. Obesity is the second leading cause of death in
the U.S. (Flegal, Graubard, Williamson & Gail, 2007; Mokdad
et al 2004 & 2005). Obesity is a complex, chronic disease
and has been associated with increased risk of several
diseases including coronary artery disease, osteoarthritis,
diabetes mel litus, gallbladder disease, sleep apnea and
certain types of cancer (Centers for Disease Control and
Prevention, 2009). The obesity rate has more than doubled

over the period from 1980 to 2005 to about 33% of the adult

population. Not only has the media n obesity measure
increased, but the heaviest adults, those who ar e
classified as morbidly obese , have gotten heavier. Morbid

obesity, sometimes called extreme obesity, accounts for 6%

of the adult populat ion in 2008 (NHANES 200 7- 2008).



In addition to i ts mortality and disease burdens,
obesity imposes an economic burden on society in the form
of decreased wages and productivity. Finkelstein, Trogdem,
Cohen and Dietz (2009) have estimated the direct medical
costs of obesity as 9% of health care spending in 2008, or
almost $147 billion. Twenty - seven percent of the increase
in per capita health care spending over the period from
1987 to 2001 can be accounted for by increases in obesity
prevalence and increases in spending per capita on obese
individuals (T horpe, Curtis, Howard & Joski, 2004).
Economic studies have shown a negative relationship between
obesity, as measured by BMI, and wages and productivity
(Han, Norton & Stearns, 2009; Wada & Tekin 2007; Conley &

Glauber 2005 & 2007; Baum & Ford 2004).

A medical technology called bariatric surgery has been
shown to effectively treat morbid obesity. Bariatric

surgery is the general name for surgeries which alter the

digestive tract to induce weight loss. Cost - benefit
analysis has shown that bariatric surgery is an effective
treatment for morbid obesity from the perspective of a

third party payer and from the perspective of the patient
(Martin and Lindstrom, 1998; Finkelstein and Brown, 2005).

Bariatric surgery has been shown to be cost effective



compared with non - surgical treatments for weight loss

(Clegg, Colquitt, Sidhu, Royle & Walker, 2003; Craig &

Teng, 2002). Since the late 1990s, the number of bariatric

surgeries in the U.S. has increased more th an twenty - fold,
from1 0,964 in 1995 to 220,000 i n 2008 . Data for the same
time period show a dramatic increase in the number of

bariatric surgeries performed in the state of Pennsylvania,

from less than 100 in 1995 to over 7,500 in 200 8. A
specific innovation in bariatric surgery, laparoscopic

gastric bypass surgery, is the subject of this study.

Technology is linked to productivity gains in the
economic development literature. In health economics,
productivity gains can mean increased life expectancy and
enhanced quality of life. Technology diffus ion, the
adoption and increased usage of a technology, is a process.
Studies of diffusion have focused on institutional and
individual inputs associated with varying rates of
diffusion. Recent studies of technology diffusion in the
development literature have focused attention on asymmetric
information and the role of key individuals. The agency
role of the physician means that physician behavior has had
a role in health economics diffusion literature unlike in

other industries. Patients rely on physici ans to recommend



treatments because the cost of information acquisition is

often beyond the patientsd reasonabl e capa
also rely on physicians for skill and technique in

administering services. The behavior of individual

physi ci an 0 s mgneeinfearming the latest techniques

is influential in the diffusion of those techniques to

other physicians. Certain physicians are recognized as

Aistars, o0 influential in their peer group.

Understanding the factors which influence diffusion
has impl ications for policy and further research. Similar
to intraocular lens implants to treat cataracts or coronary
artery bypass surgery to treat coronary artery disease,
bariatric surgery provides a treatment for a medical
disease for which millions suffer an d for which no previous
treatment has been nearly as effective. The diffusion of
bariatric surgery highlights the basic economic question of
allocating scarce resources among unlimited human wants and
needs. Technology sometimes increases life expectancy as
well as health care expenditures. Diffusion of medical
technology is considered a leading cause of increases in
health care expenditures (Cutler and McClellan, 1996;
Newhouse, 1992 and 2003; Chandra and Skinner, 2008). The

increase in health care e xpenditures is an issue of



national importance because almost half of all medical

expenditures are funded by Medicare and Medicaid. Specific

guestions arise as to whether all hospitals should perform
bariatric surgery or just certain hospitals. If surgic al
specialty hospitals exist, should they account for a larger

share of bariatric procedures? Are hospitals which diffuse

technology more quickly (slowly) than others efficient or

are they imposing welfare losses on society? In what ways

do star  physicians contribute to the rate of bariatric

surgery diffusion?

1.1 Motivation

Research in diffusion of medical technology among
hospitals shows individual hospital and local market
characteristics influence diffusion rates. The role of the
physician i n the diffusion of medical technology in
hospitals is not widely studied. This dissertation seeks

to fill that gap.

1. 2 Background

Bariatric, or weight loss, surgery can be
characterized as malabsorptive, restrictive or a

combination of both. Malabso rptive surgeries reduce the

bodydés absorption of nutrients. Restri

reduce the bodyés ability to take i

cti

f ood.



surgeries, performed in the 1950s were malabsorptive. The

process changed very little until the 1980s. In 1991 the

National Institute s of Health endorsed bariatric surgery as

an effective treatment of morbid obesity. Since the late

1990s, the most prevalent type of bariatric surgery

performed is Roux -en-Y (ARYGBO) gastric bypass surc
Gastric bypass surgery isa c ombination of malabsorptive

and restrictive surgery. It chemically and mechanically

alters the digestive system by reducing the size of the

stomach and redirecting a piece of the digestive tract so

that absorption of certain high fat foods is significantl y
reduced. Substitutes for surgery include dieting and drug

treatments. Substitutes for gastric bypass surgery have

low long term rates of success for weight loss. Surgical

treatments for obesity are clinically proven to be the most

effective long term method for resolving morbid obesity.

Open RYGB gastric bypass surgery was the most widely
performed bariatric procedure until about 2004. An
innovation in surgical technology provides an alternative
to open surgery. Minimally invasive, or laparosco pic,
surgery allows surgeons to operate using laparoscopes,
instruments inserted through small openings in the

abdominal cavity, while observing their actions on video



screens. The appeal of minimally invasive surgery includes
decreased recovery time for patients and decreased risk of
hospital born infections. For abdominal surgery, 5 or 6

small, 0.5 cm to 1.0 cm incisions are made instead of one

10 cm long incision typical of traditional open surgery.

Increased costs due to need for special surgical equ ipment
are offset by improved outcomes. Nationwide, bariatric

surgery shifted to predominantly laparoscopic technique

between 2004 and 2006. Analysis of bariatric surgeries at
academic medical centers show the shift from open to

laparoscopic bariatric su rgery is associated with lower

post surgery morbidity rates.

In 2001, the FDA approved use of the laparoscopic
restrictive device, also known as a lap band. The LAP -

BAND® Adjustable Gastric Banding (LAGB®) System was

approved by the FDA for use in severe ly obese adult
patients. In 2007, the F DA approved the REALI ZEE sy
introduced by Ethicon Endo - Surgery, Inc, a Johnson and

Johnson Company. The bands, which are reversible as well

as adjustable, mechanically restrict the digestive process

by constri  cting the stomach opening. A s tudy is needed to
determine if the band is a complement or a substitute for

RYGB surgery.



1. 3 Objectives of the Dissertation

Hospital diffusion of technology is impacted by many

factors: hospital level, market level, consum er level.
This dissertation seeks to fill the gap in the lack of
studeso nphysiciansdé i mpact on the rate of di

gastric bypass surgery. The key research questions are as

follows.

RESEARCH QUESTI ON 1: Does the presence of
physicians in fluence the diffusion rate of laparoscopic

bariatric surgery technology?

RESEARCH QUESTI ON 2: Does the presence of
physicians at a hospital impact the diffusion rate of
laparoscopic bariatric surgery technology to non - star

physicians  ?

RESEARCHQESTI ON 3: Do fistaro hospitals, defi
with higher level current technology relative to others in
their market area, adopt and diffuse laparoscopic gastric

bypass surgery more quickly than non - star hospitals.

1. 4 Literature Review

Technology diffusion is the process by which
technology is tran sferred from one economic agent to

another. Neoclassical economic growth theory is rooted in



Joseph Shumpeterods (1942) theory
Entrepreneurs drive economic growth through adoptin g
productivity enhancing technological changes. Propagated

by the profit motive, waves of creative destruction carry

in welfare improving innovations and carry out obsolete

ideas, techniques, and technologies. Early empirical

studies in agriculture and manufacturing (Griliches, 1957;
Mansfield, 1961, 1963a, 1963b, 1963c) support the positive
relationship between firm profit and technology diffusion.

Evidence that diffusion occurs at varying rates in

different contexts has focused academic studies on t he
causes and effects of such variations. Studies across

industries highlight the role of technology spillovers and

information asymmetries. See Griliches (1979) and Keller

(1996, 2002a, 2002b and 2008) for a discussion.

Skinner and Staiger (2005), fol lowing the economic
development literature, which has long accepted the link
between technology adoption and diffusion, productivity and
per capita income, link lower levels of medical technology
diffusion to lower productivity of life saving technology
in  hospitals. Skinner and Staiger (2009) link
characteristics of innovators to rates of diffusion over

time and across the United States. In medical technology

of

creat.i



10

diffusion, health economists consider the characteristics

of hospitals and doctors in technology diffusion. Ho

(2007) and Burke , Fournier and Prasad (200 7) consider the

role of influential or fAstaro hospitals
diffusion of medical technology. Since the diffusion of

such life saving technology as beta blockers and cardiac

surgeryt  echnigues has a direct impact on the productivity

of life and health, lags in diffusion mean direct welfare

implications and have a unique place in policy debates.

1.41 Grilichesd and Mansfieldébés Work

ZV i Grilichesd (1957) emtpherical work
agricultural industry and Mansfielddos (1961, 1963a
1963c) study of the manufacturing industry are seminal in
the economic study of diffusion as profit driven.

Griliches studied the diffusion of hybrid corn technology

in all 31 corn growing U. S. states, from the 1930s through
1950 and concluded that profitability was the main driver

in technology diffusion rates. Edwin Mansfield (1961,

1963a, 1963b, 1963c) found a positive relation between

profit and the rate of diffusion of fourteen differen t
manufacturing innovations in four industries: iron and

steel, bituminous coal, railroad and brewing over a ten

year period. He also found a negative relation between

an

n

1
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cost of an innovation and diffusion. Both find unequal

levels of diffusion over time, which graph as an S - shaped
curve with time on the horizontal axis and level of

diffusion on vertical. Technology diffusion starts off at

a slow pace, gains momentum, then levels off at some level,

generally less than one hundred percent of the market.

Why are some firms early diffusers and some firms
laggards? To answer this, both considered the
environmental factors. Griliches (1957) controlled for
geographic differences in the agricultural market regions
by separating the state level data into nine subcategories
or districts. He also considered the current level of
technology diffusion in the market. Mansfield (1963b)
found that diffusion is more rapid when markets are more
competitive, rather than concentrated. Mansfield (1963c)
found the size of a firm is positivity related to the rate
of diffusion of an innovation. He provided the first
empirical study of size of firms and technology diffusion
rates. He studied 3 industries: bituminous coal, iron and
steel, and petroleum refining. Using d ata from government
sources, trade directories, and from firms, he documented
the important process and product innovations from 1918

through 1958. He surveyed trade journals for
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identification and rankings of innovations. He also found

that for some ind ustries, such as petroleum and coal, the

four largest firms diffused a disproportionately large

fraction of the innovations. The largest firms diffused

more innovations and diffused these innovations at a faster
rate than other firms. If firm size is positively related

to diffusion, then t his suggests that diffusion may occur

faster in the presence of possible economies of scale.

1. 4. 2 Early Debates

Though Neoclassical economic theory predicts
profitability of the innovation as the primary factor

influencing adoption of new technology

Mansfieldds empirical data support the

debate over the human capital input to the diffusion

process ensued. In Griliches 0 (1957) early work, he

recognized the role of human capital inpu ts, but did not

guantify them or attribute significant economic importance

to them. This led to a response from the sociological

scholars researching diffusion of hybrid corn and other

agricultural innovations. In a series of articles in Rural
Sociology, Bradner and Strauss (1959), Cleland (1960) and

Rogers (1961) challenged Griliches on the role of profit,

instead highlighting the role of the social structure in



diffusion of agricultural technology. In 1962, Everett

Rogers published the first edition of Diffusion of
Innovations , in which he identifies five specific
characteristic types of adopters of innovation:

Innovators, Early Adopters, Early Majority, Late Majority

and Laggards. Griliches (1960 and 1962) acknowledged a
role for sociological factors in technology adoption. His
response was that the sociological work could be

interpreted economically and the economic work could be
interpreted sociologically. Mansfield also acknowledged

the role of human capital in his studies. He included

education al background of firm managers to account for

human capital. This laid the groundwork for future work to

investigate the role of social interactions when

information does not flow freely among agents.

1. 4. 3 Welfare Effects of Diffusion Lags

Observed lagga rds and non - adopters of technology
advances do not benefit from the welfare enhancing
technology diffusion in the same amount or at the same time
as those who adopt or diffuse a technology at its earlier
introduction. In agricultural technology diffusion,
as the Indian Green Revolution, laggards impose negative

social welfare effects in the face of policy goals of

such

13
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agricultural self - sufficiency. In medical technology,

negative welfare effects from lags in diffusion may mean

that low cost, life extend ing treatments such as beta
blockers  for heart disease sufferers (Skinner & Staiger,

2009) may not diffuse widely. Skinner and Staiger (2009)
classify hospitals as fitigerso and Atortoli
to their adoption of technologies. They find wide

variations in productivity, measured as survival rates,

between the two classifications . They study 2.8 million
Medicare patients who were treated for acute myocardial

infarction (AMI or heart attack) ove r the time period from
1995-1996 and 2003 -2004. Tige rs are those hospitals in top
quintile of effective technology diffusion. Tortoises are

in the lowest quintile. The process innovation they study

is the use of three life - saving treatments within twelve

hours of an AMI, aspirin, beta blockers and reperfu sion.

1. 4. 4 Social Learning and Social Network Theory

The idea that social learning occurs over time has
been accepted in the economics literature as occurring when
information flows are imperfect and returns to individuals
are unequal (Jovanovic and Nyarko, 1995; Comin and Hobijn ,
2004 and 2008). Banerjee (1 992) offers a simple, game

theoretic model in which the herd externality occurs during
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learning. The game results in ex ante negative welfare

effects. Faced with imperfect information, an individual

observes the actions of her neighbors and make decision S
based on the observed outcomes of innovation to her

neighbors. Empirical studies of social learning include

studies from the Green Revolution in India and medical

technology diffusion.

Foster and Rosenzweig (1995) and Munshi (2004) use
farm level dat a over a three year period to study social
learning in two crops, rice and wheat, at the onset of the
Green Revolution in India, 1968 - 1970. High yield varieties
of rice and wheat were imported to India. Diffusion is
slower when individuals face heterogen eity in crop
environmental characteristics. In this case, the high
yield wheat technology differed from high yield rice
technology. Farmers observed the results of neighbors who

adopted the technologies and learned less from the high

yield rice outcomes than from neighbor s6 outcomes with

yield wheat. Foster and Rosenzweig explain the slower
relative diffusion of high yield rice compared with high
yield wheat as attributable to social learning in the

presence of imperfect information flows.

hi

g



Munshi shows that the existence of heterogeneous
returns to individuals, along with social learning, explain
lags in technology diffusion. Munshi documents that,
faced with uncertainty over returns, individual rice
farmers rely on their  own experience rather than social
learning. Rice farmers experiment more than do wheat
farmers with high yield innovations. Conley and Udry
(2004) surveyed 450 farmers in Ghana over a 21 month period
between 1996 and 1998 and report similar results when
farmers face incomplet e information and uncertain returns
to switching crops from maize and cassava for local markets

to pineapples for European markets.

Social learning is also evidenced by long term studies
across several industries. Skinner and Staiger (2005 and
2007) f ind state level social capital factors associated
with technology adoption across time and industries in all
of the United States. Skinner and Staiger use data from
all 50 U.S. states. Skinner and Staiger find states which
are early adopters of hybrid ¢ orn in the 1920s are often
early adopters of computers and cardiac drug treatments.
Consistent with Comin and Hobijn (2004 and 2008), they find
Learning By Doing or congruence, that is, states  which

adopt a previous technology are more likely to adopt a n
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technology than those which had not adopted the previous
technology. Comin and Hobijn study 25 major technology
adoptions in 23 industrialized countries over an extended
time period, from 1880 to 1990.

1.4.5 Stars

Rogers (1962, 1995 and 2003) has reco gnized unequal
influence by individuals through the diffusion process.
AOpinion | eaderso are those who are influe
organization because of their particular social
characteristics. Huckman (2003) finds opinion leaders
recogni zed astkRawhinmdg oyi cal statuso influen
diffusion of cardiac procedures. He studied all cardiac
procedures in New York state between 1993 and 1995 and

created an index of hospital technology status using the

number of publications of hospital staff to measur e status.
Berwick (2003) identifies opinion | eaders
agentso in hospitals and traces their i mpa

adoption of breast cancer screenings, flu shots and beta
blocker usage. Certain hospitals identified as stars have
been shown to be as sociated with early diffusion of
technology. Ho (2006 and 2009) models consumer and
producer surplus and finds that patients have preferences

for certain hospitals she identifies as stars. Stars are
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identified as those hospitals with higher levels of

tec hnology.

Burke, Fournier and Prasad (2007) find diffusion of a
medical innovation is positively related to the presence of
opinion | eaders they calll Astars. o0 They tr
over a five year period of coronary stents through the
Florida hospita | market. They include 148,174 quarterly
observations of angioplasty patients between 1995 and 2001.
They define a star as a physician who served a medical
residency in one of the top 30 ranked hospitals in the U.S.
They fin d star physicians influence n oni star physicians
through social interactions within local peer groups. Non -
stars either imitate star physicians or learn directly from

them.

This dissertation differs from previous studies in a
few ways. Huckman (2003), Ho (2006 and 2009) and Burke,
Fourner & Prasad (2007) study cardiac surgery, which treats
an immediately life - threatening disease. This dissertation
studies an elective abdominal surgery which treats a
chronic disease. This dissertation presents a method for
defining physician star s tatus which includes peer and
patient input. This differs from earlier studies which use

hospital and physician group characteristics to define
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stars (Huckman, 2003 and Ho, 2006 and 2009). Following

Burke, Fournier and Prasad (2007), this study defines th e

physician as a star based on characteristics of individual

physicians. Unlike Burke, Fournier and Prasad (2007), this

dissertation includes a measure of peer and patient review,

Castle and Connollyds Top Docs publication
analyses in this dis sertation are informed by personal

interviews with hospital physicians and administrators.

1. 5 Structure

This chapter introduced the research problem studied
in this dissertation. Chapter 2 presents the theoretical
model. Chapter 3 presents a discussion of the results of
the interviews with Philadelphia area hospital
administrators and physicians. Chapter 4 presents the data
and methods used in this study. Chapter 5 presents the
empirical models and results of the logistic regression
analyses. Diffusi on rates of laparoscopic gastric bypass
surgery and individual market results are presented.
Chapter 6 concludes with recommendations for further

research.



CHAPTER 2

THEORETICAL MODEL

Section s 2.1 and Section 2.1.2 present a model for
defining diffusion rates which can be used to classify
adopting hospitals and physicians as Innovators, Early
Adopters, Early Majority, Late Majority and Laggards
following Rogers and Griliches. Section 2.1.3 pr
the model from which the empirical model used in Chapter 5

is derived.
2.1 Models of Diffusion

An S - shaped pattern of diffusion is noted in the
literature by Jerome (1931) and Ryan and Gross(1943), and
empirically tested and modeled by Griliches (1
later Mansfield (1961 and 1963) and Mansfield et al (1968).
Following Griliches, Mansfield and Romeo (1975), let us
specify variables, using the proportional relationship

between the number of adoptees at time period

esents

957) and

t+1 and the

number that hav e already adopted at time t . Define the

20
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proportion of firms in industry | using innovation j at

time t as Py (t).

Pi )=m ¢ /n
m = Number of adoptees at time t
m:+1 = Number of adoptees at time t+1
n = total population
nim = Number of potential adoptees who have not adopted
attime t
b =the rate of growth coefficient
Following the logistic function, the number of firms
adopting at time t is proportional to the number that have
already adopted.
M T m=b(n - m ) m /n, whereb>0 [E quation 1]
Restated as a differential equation:
- dmy /dt x1/(n - m )=bm /n [Equation 2]
Which is solved as
m/n=(1+exp( - ai b)) ? [Equation 3]
where a is the constant of integration.
Taking the linear transform of Equation 3, which gives
a form from which Ordinary Least Squares(OLS) regression
analysis can easily be performed.

log( m ) /(n T m )=a+bt [Equation 4]
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Models of diffusion focus empirically on specifying a

form for the expected value of b, the rate of diffusion or

imitation as a function of the profitability and investment

cost of the innovation and other unspecified variables.

Foll owing is a summary of Grilichesb®o
211 Grilichesd Model
Gr i | i ¢ h e s bal enpinnal work on the diffusion of

hybrid corn technology

through the 31

the United States (Econometrica 1957) uses data from 132

crop reporting districts over the period from 1940 to 1957.

Griliches specifies the following varia
the logistic curve:
K = the ceiling, or equilibrium value,

P = percentage of plants with hybrid seed,

bles in his model of

a; = constant of integration (positions curve on the time

scale) and
b; = the rate of growth coefficient
The logistic curve is denoted by Equation 5.

P: =K; /(1+e -(a; +byt)

[Equation 5]

The logistic form is asymptotic to its origin and to

it ceiling, symmetric around its inflection point. Taking

its first derivative gives the rate of growth whic

his

mo d e |
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proportional to the growth already achieved and to the

distance to the ceiling value (Equation 6).
dP/dt = - b/(P/K) [Equation 6]
Taking a log transform of Equation 6 gives Equation 7.
n(P i« /(Ki- P¢f)=a ; +bjt [Equation 7]
Griliches adds an error term and uses Equation 7 to

estimate parameters of the diffusion curves for each state.

The variables of interest are origins, slopes and ceilings.

Griliches chooses a value of 10% of the ceiling as the

origin. For the ceiling va lue, he uses a 90% value. The

slopes are then estimated using Ordinary Least Squares

regression.

2.1. 2 Model of Diffusion Probability

The logistic, or logit model, is based on the
cumulative logistic probability function. Logistic
regression is appro priate when the dependent variable is a
binary choice variable. In the case of diffusion, the

dependent variable is 0= not diffused or 1= diffused.

Assume there exists an underlying distribution Z; whichis
determined by an explanatory variable X. Then ,
O | fT® [Equation 8]

The cumulative logistic probability distribution has the

form
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[Equation 9]

Define the dependent variable Z as the log of the odds that

an event happens.

O 11— [Equation 10]
Substituting Equation 1 into Equation 3 gives the form of
the logistic regression model.

T ® | & [Equation 11]

Adding an error term and designating the vector
provides the basis for the logistic regression analysis in
Chapter 4.

2.1. 3 Diffusion of Medical Technologies

Models of medical technology diffusion concentrate on
identifying statistically significant effects of particular

market, hospital and physician characteristics through the

X; variables

b factor |l oadings. Bur ke, F dq2007)radde r

interaction term s identifying the imp act on diffusion

attributable to the influence from star to non- star

physicians and from non - star to star physicians
2.2 Hypothese s

HYPOTHESIS 1: Controlling for market structure influences
such as degree of competition in the market, market size,

hospital size, and teaching status of the hospital, |

24
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consider the impact of physiciands role in
medical technology. | hyp othesize that the presence of a
Astaro physician at a hospital i mpacts the

of laparoscopic bariatric surgery technology.

HYPOTHESIS 2: Controlling for market structure influences

such as degree of competition in the market, market size,

hospital size, and teaching status of the hospital, |

consider the impact of a star physician on non - star

physicians. I hypot hesize that the presen

physicians at a hospital impacts the diffusion rate of

laparoscopic bariatric surgery technolo gy tonon - star
physicians.
HYPOTHESI S 3: AStaro hospitals cultivate

highly desirable among patients through the early adoption
of technologies such as organ transplant surgery or robotic
surgery. | hypothesize that the level of current

technology in a hospital makes it more likely to adopt a

technology than a non - star hospital.
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CHAPTER 3

DISCUSSION OF INTERVIEWS

3.1 Introduction and Motivation

This chapter describes a limited qualitative analysis,
in the form of personal inte rviews, conducted to gain
background understanding of the economic decision - making
process of hospital administrators and physicians in the
adoption and diffusion of bariatric surgery. The purpose
of the interviews is to substantiate or challenge
assumpti ons made in the descriptive and quantitative
analyses of chapters 4 and 5, in order to support possible

explanations of observed diffusion patterns.

The chapter begins with a description of the interview
methodology. Then it describes the findings of the
interviews which were conducted among physicians and
administrators at Philadelphia area hospitals. The
findings may not be projectable to all hospitals, but
certain findings support assumptions made about the

hospital market definition used in this s tudy, the



27

importance of profit motive and the dominant role of

hospital, not physician s, as decision maker in the adoption
and diffusion of bariatric surgery. The findings of the

interviews also suggest certain explanations for the

observed patterns of di ffusion. The key finding is that
two distinct patterns can be found in the decision making

process. The first pattern shows a physician led diffusion

process. The second pattern is an administration led

diffusion process.

3.2 Methodology

A total of nine interviews were conducted among
physicians and hospital administrators at Philadelphia
metropolitan area hospitals. The interviewees represent
perspectives from more than nine hospitals because some
physicians practiced at more than one hospital and one
board member served at more than one hospital over the time
period studied. Within a nineteen mile market (defined
using the variable radius criteria as described in Chapter
4 Section 4.3.5), they represent twelve of twenty - four
hospitals in the mark et. The respondents represent a
variety of hospital characteristics: urban and suburban,
teaching and non - teaching. Some hospitals had diffused

bariatric surgery; some had not. Some hospitals had star
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physicians on their surgical staff, some did not. All
respondents were from nonprofit hospitals. Though this is

far from being a randomized sample or a complete survey,

the data gathered are useful as background for the

descriptive and statistical analysis of chapters 4 and 5.

Interviews were solicited through public information
seminars and through professional and personal
acquaintances. After an initial introduction, a follow -up
letter of introduction (See Figure 1) and a List of
Discussion Questions (See Figure 2) were sent via email.
This follow - up sometimes involved fairly extensive
explanation of purpose. | also agreed to provide
respondents with a copy of my completed report, if they
were interested. Each respondent was assured of
confidentiality and that results would be presented
carefully s o that identities of individuals and individual
hospitals would not be disclosed. Given that nine of the
ten individuals contacted agreed to interviews, the
response rate seemed to indicate that the introductions
were adequate and assurances were credible . Six physicians
and three administrators agreed to interviews. Each

interview lasted from forty minutes to an hour. Most
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interviews were face - to - face at the hospital. Two

interviews were by telephone.

3.2.1 Public Information Seminars

In the Sprin g of 2010, ten hospitals in the
Philadelphia area held information seminars for prospective
bariatric surgery patients. Dates, locations, times and
instructions for registering for a seminar were posted on
the hospital websites. These seminars were open to the
public and generally lasted about two hours. Seminars
consisted of an introduction of the hospital bariatric
staff, usually a physician, the patient care coordinator,
often a successful patient, and sometimes a nutritionist.

A slideshow presentat ion gave a physical description of the
types of bariatric surgeries available, both open and
laparoscopic, required qualifying screenings and tests,

expected results, including possible risks and

complications, and some general insurance coverage

informati  on. A question and answer session followed.

Then, attendees had an opportunity to speak with the staff

one- on- one or register for an initial appointment with the

bariatric surgery team.

Attendees were asked to register through a webpage, an

email or by telephone. | registered and attended five
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sessions during the Spring of 2010. After registering, |
telephoned and emailed the program administrator,

introduced myself, gave a brief descri ption of my
dissertation work, and asked for permission to interview

the doctor before or after his presentation. The

administrator was usually the bariatric coordinator, the

main administrator in the bariatric surgery center.

Interviews took place at ho spital conference rooms,

bariatric suites within the hospital, or by telephone.

3.2.2 Other Interview Sources

Through some professional and personal contacts, | was
introduced to a few hospital administrators who agreed to
be interviewed. Consistent with the method of introduction

of myself and the dissertation study used when attending

the public information seminars, | sent a letter of

introduction (See Figure 1 ), the List of Discussion

Questions (See Figure 2 ), and provided any other

explanation of purp ose, as requested, for the respondent to

revi ew. |l nterviews took place at hospital

offices and by telephone.

3.2.3 Format of the Interviews

The interviews are qualitative in nature. Because the

interviews are designed to provide backgroun d for the



descriptive and analytical analyses of the dissertation,

the interviews did not follow a strict format. A list of

basic questions was covered in each interview, but
individual respondents elaborated on topics of their own
choosing. While this p rovides a varied content of
information, it presents some difficulty in quantification

of the results. To insure against reporting idiosyncratic
responses as findings, a statement is only considered a
finding it is corroborated by at least three or more

persons.

31
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Figure 1

Introduction Letter

ol TEMPLE

—— UNIVERSITY

Dear Sir/Madam,

A research team at Temple University is conducting a study on how star physicians
impact the diffusion of medical technology. We are requesting hospital administrators,
board members and physicians to comment on the following survey questions in an
interview. This survey has a total of 12 questions.

Your participation in this study is voluntary. You may choose not to participate and/or to
withdraw from the study at any time. This survey is anonymous

The overall results of the study may be published,mitésearch will be conducted with
an assurance of confidentiality for you and your organization. Neither your name nor
your individual answers will be known.

Participation in this interview will be considered your consent to participate.

If you haveany questias concerning this intervievplease contact Laura Shinn at (xxx)
XXX-XXX, or by emailshinn@temple.edu

Primary Investigator's Signature Date


mailto:shinn@temple.edu

Figure 2
List of Discussion Statements

33

Agree Neutral
Strongly

Disagree
Strongly

10

A single physician or group of 1 2 3

physicians originates bariatric
surgery at this hospital.

Administration or the board of
directors originates bariatric
surgery at this hospital.

One physician in the hospital is
recognized by the other doctors as
a Top Doc, or Star, or opinion
leader in bariatric surgery.

A star brings status to other
surgeons in the hospital.

Stars may generate a spillover

effect to increase demand for the
entire spectrum of services offered

by the hospital.

Bariatric surgery is profitable for
the hospital.

Bariatric surgery is highly
profitable for the physician, that
is, compared with other abdominal
surgeries.

Laparoscopic surgery is a
substitute for open surgery.

Patients prefer laparoscopic
surgery over open surgery.

Laparoscopic restrictive devices
are substitutes for gastric bypass
surgery.

Other questions: Which hospitals do
you see as your main competitors in
the market for bariatric surgery?

Is my assumption of at least two
surgeries per month for four
consecutive quarters, that is, 24
surgeries per year, is indicative

of a hospital having diffused
bariatric surgery. What do you
estimate as a minimum number of
bariatric surgeries a hospital

would need to do to achieve
efficiency?

5
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3.3 The Findings

The findings from the interviews demonstrate agreement
on several areas and lay a foundation for assumptions ab out
the market for bariatric surgery which is consistent with
patterns of diffusion described in chapters 4 and 5. The
findings also suggest certain explanations for the observed
patterns of diffusion. Four core areas were explored in
all interviews with respect to adoption and diffusion of

bariatric surgery:

1) the nature of the decision - making process, particularly,
the role of individual physicians and administrators in a
hospital 6s decision to adopt and diffuse
surgery;

2) the role of profit motivation and non - price competition
in both hospital and physician decisions to adopt and
diffuse bariatric surgery;

3) the appropriateness of the nineteen mile variable radius
hospital market definition used in this study (using the
criteria described in Ch apter 4 Section 4.3.5);

4) the characteristics of patient demand, including the role
of laparoscopic gastric bypass as a substitute for open

gastric bypass surgery
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Other areas of discussion include economies of scale and
learning by doing, economies of scope , Insurance coverage,

and the definition of a star physician used in this study.

3.3.1 The Nature of the Decision Making Process

The nature of the decision - making process in the
adoption of a bariatric surgery program at a hospital seems
to lie with the important interaction between physician and
hospital administration. For each of the hospitals with
ongoing programs, there were two c ommon patterns of
adoption and diffusion which, for discussion, I call
Pattern One and Pattern Two. In Pattern One, the
physician seems to take the lead; however, since physicians
and board members work so closely together in the early
stages of new tec hnology implementation, it is difficult to
distinguish if physicians are indeed the initiators or this
is a collaboration of professionals in an academic medical
center setting. In Pattern Two, the administration decides
that initiating a bariatric surger y program is consistent
with the hospital s mi ssion and t hen

and staff and allocates other resources to the effort.

Pattern One. The first pattern describes the programs with

the earliest adoption and diffusion dates. These hospital S

recru

and physicians might be called Al nnovators
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Adopterso using the | anguage of Rogers (Se
Section 1.4.2). For this analysis, Innovators and Early

Adopters are considered those who adopted gastric bypass in

the eight quarters beginning w ith the first quarter of year
2000 (See Chapter 5 Section 5.1). In Pattern One,

physicians seem to take the lead in adopting bariatric

surgery; however, the physician is very conscious of the

need to persuade the administration early to commit

hospital re sources to expand a general surgery office or to

equip a bariatric office. This pattern is consistent with

the role of the hospital as a teaching hospital, in which

research and technological advances are valued as part of

the hospital 6s mi s s itive mterahange eaists a c
between staff & administration. In this case, the

administration, that is, the Board of Directors and the

Trustees, is involved very early in the process, so that it

may be impossible to distinguish who first decided to adopt

baria tric surgery.

Pattern Two. The second pattern describes the hospitals

which adopted and diffused gastric bypass at later dates

than those described as Pattern One. Agali
well known descriptions, these latter hospitals and

physicians might be cal IEeadr lly Maj ority, 0o fALat e



Maj orityo or, possi bl (Seecliapter § Seatiord s 0
1.4.2). For this analysis, Early Majority, Late Majority

and Laggards are considered those who adopted gastric

bypass after the fourth quarter of the year 2000(Se e
Chapter 5 Section 5.1). For Pattern Two hospitals,

respondents consistently reported that a bariatric surgery

center would further the hospital és
physicians and allocated office space and support staff to

the surgery center.

Inrevi ewing the evidence, for both types of observed
patterns, the Pauly -Redisch (1973) model of
cooperative is not substantiated. Other possible motives
are discussed in Chapter 4 (Section 4.4.4.) and are
Let us consider the

considered in the following sections.

profit motive and non - price competition.

3.3.2 Profit Motivation and Non - price Competition

No respondent claimed profit as the main motivation

37
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t

for a hospitaldés adoption and diffusi

surgery; however, each respondent c ommunicated that
positive expected profit plays an important central role in

the adoption and diffusion decision - making process. Since
each respondent represented a nonprofit hospital, this

might be a reasonable response. It is consistent with each

Sssio
he ph
on of



of the  theories of nonprofit hospital behavior discussed in

Section 4.4 .4.

Expected return involves a tradeoff of risk and
return. The perception of manageable and acceptable risk
was acknowledged as a key determinant in the decision of
the board to support a doption and diffusion of bariatric
surgery. Physicians and administrators agreed that if the
hospital has just a few, very complicated cases, the
economic profit from the entire bariatric surgery center
could become negative. Further, both parties were
extremely sensitive to the possibility of patient lawsuits.
Not only might the hospital suffer financial losses, damage
to its reputation might cause it to lose patients in other
areas of care. One board member commented that one wrongful
death suit can co st her hospital $1 million. She further
noted that Philadelphia juries are well known for their
high damage awards to plaintiffs in medical malpractice and
wrongful death cases. Understandably, the board and the
CEO will be very cautious when adopting a n ew medical

technology.

In the case of adoption and diffusion as described as
Pattern One (Section 3.3.1), a typical case might develop

as follows. A surgeon performs gastric bypass, developing

38
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a track record for performing bariatric surgery with

acceptab le risk. Acceptable risk means complication rates

are around the average expected rates for this surgery and

lawsuits are minimal. Hospital administrators recognize

that the surgeon can perform the surgery and the hospital

can make a profit or perhaps th at the addition of the

surgery is consistent with the hospital 6s

research hospital. Then administrators provide more staff

and hospital resources to support expansion of th e practice
at the hospital. As one physician noted,
el havendét killed anyone yet. Once

board and the CEO see that | can do this
surgery, people do not die, and the hospital
can make money, then they are convinced they
want to support it.

From his perspective, as a self - identified ear ly
adopter, his role was to perform a few of these surgeries
until the administration was won over and provided more
support staff, dedicated office area in the hospital,
advertising and other support. This perspective was
reinforced by an administrator w ho remarked that he would
be willing to support a new surgery at his hospital if one
of his trusted physicians were to come to him and lobby

for board support to perform bariatric surgery. The



administrator said he would initially provide limited

support, incrementally increasing his support as he became
comfortable with the physicianos
He cited the need for an accumulation of surgical

experience with a new technique before he or the board

would support allocating significant hosp ital resources to

it.

Market Competition Characteristics

The hospital regions with the highest market capacity, as
measured by hospital beds per thousand, seem to adopt
gastric bypass earlier and at faster rates do than other
regions of Pennsylvania (See Chapter 4 Section 4.2.5, Table
5 and Table 12). Higher nu mber of hospital beds per
thousand population may mean that hospitals compete for
physicians (See Chapter 4 Section 4.4.5). Hospitals compete
for physicians through financial and non - price competition.
Non- price competition is involved in the case of

tech nologically advanced medical treatments because the
treatments enable physicians to fulfill their role as

teachers, innovators, leaders in research and caring

healers. Non - price competition also means that offering

this technology advances the institution al goals of

40
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university and teaching hospitals. Hospitals attract

physicians to their bariatric centers because, in addition

to the financial rewards physicians gain when they are

granted privileges, the hospital provides staff and

equipment which enable t he physician to engage in a

practice which appeals to one of the altruistic goals for

which many physicians entered medicine, the ability to

provide a service to patients which dramatically transforms

their health, both their outward appearance and overall

health. Physicians can offer a treatment which is more

effective than any nonsurgical treatments for morbid

obesity. Providers in the field of bariatric medicine are

very enthusiastic about the transformational effects of the

surgery. Administrators and physicians note that the role

of the physician in bariatric surgery is different from the

interaction between physicians and patients for other

surgeries. One respondent called bariatric surgery a

Aitool 06 which facilitates patientsél ability
of a lifelong health issue. This was echoed by a physician

in his presentation to potenti al patient s,
changes the relationship between you and f
Since the induced weight loss will only be maintained if

patients change their lifestyles and eating habits after

surgery, physicians must make professional assessments of a
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patientodos eligibility for surgery which in
results from physical as well as psychological screening

tests.

One encounter between a potential patient and
physician illustrates the unique relationship between
physician and bariatric patient. During his slideshow
presentation, a physician explained the physical
difficulties in performing laparoscopic surgery in morbidly
obese men who exceed a certain weight. After the
presentation, a prospective patient approached the
physician, asking if the doctor would consider him a
candidate for laparoscopic surgery. The physician reminded
him of the criteria h e had outlined in his presentation.
The mandés current weight put him over the
physician had recommended. He told the prospective patient
that if he lost thirty pounds, the doctor would consider
performing the surgery laparoscopically. Afte r the

exchange, the physician remarked,

éYou see what | di d? I chall enged
him. This is about control. You have to
get in here (and he pointed to his own
head) . Hebés a man. Il chall en
he | ives. Il f he | oses thoe wei
the surgery.
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In the case of adoption and diffusion described as
Pattern Two (Section 3.3.1), it is hospital administrators,
comfortable with the risks of bariatric surgery, who
initiate bariatric surgery centers. These administrators
rely on the prof it motive as well as non - price competition
to attract physicians to their hospitals. Non - price
competition again plays a role. Administrators can offer
physicians a title and hospital resources to grow their own
bariatric surgery team along with appealin g to physicianso

patient care goals.

One physician had left a successful practice in
another area, outside Pennsylvania, to head a new bariatric
center. When asked why he stopped doing other types of
gastrointestinal surgery to concentrate on bariatric
surgery, he replied that he was tired of a career where
todayds surgery was fndgall bl adder #xxXx. 0
surgery, he is able to treat the whole patient. Patients
can only fully realize the most potential weight loss if
they change their lifestyles and eating habits after
surgery. Since the process of pre - surgery screenings and
post surgery checkups is lengthier for bariatric patients
than for other surgery patients, the physician has an

opportunity to really get to know his patients. Several of
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t he seminars included patients and physicians giving

testimony to their mutual excitement over
post surgery weight loss and other life accomplishments.

One respondent showed me a thank you letter from a group of

his successful patients who had completed a fitness run.

In it, they expressed their gratitude to the doctor and

told of their desire to have t - shirts printed which proudly
procl ai med, ABody by Dr. (Respondentds nam
Other examples of non - price competition include

support ser  vices the hospital offers to the physician. The

hospital can offer bariatric surgery patients a state of
the art nutrition counseling center specifically tailored

for the bariatric patient, meeting places for monthly

patient support groups, website suppor t, as well as access
to ancillary services in a convenient one stop shop. For

instance, some hospitals offer all the pre - screening tests
in their facilities. The pre - screening tests include blood
tests, gastrointestinal screenings, cardiac and pulmonary

tests, routine gynecological exam, and psychological tests.

Finally, hospitals offer name recognition to their

surgeons. Expensive hospital advertisement for wide ranges

of services might benefit the bariatric surgeon because
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potential patients associate the hospital name with the

physician.

3.3.3 Market Definition

The variable radius definition of hospital market used
in this study (See Chapter 4 Section 4.3.5) area appears to
describe the market for the Philadelphia area as recognized
by therespo  ndents. There was unanimous corroboration of
a market radius of less than or equal to 19 miles.
Respondents were asked which hospitals they consider
competitors. In each case they named hospitals in the
market as defined by the methodology of this stu dy. Since
respondents tended to name about three or four hospitals as

direct competitors, | asked about hospitals identified

within this studyds mar ket definition but
respondents. There was general consensus that those

hospitals also were competitors. The degree of agreement

mi ght sometimes be qualified with phrases
extento as competitor hospitals became 10
di stant from the respondentdés hospital

a university hospital noted that the unive rsity hospital
would like to have patients come to the main hospital
campus, yet, given the choice, patients seem to prefer to

go to suburban satellite facilities closer to their homes.

O
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This is the case, even with distances from the academic

center less t han 19 miles.

It appears that the variable radius market definition
method used to define the hospital market in which the
respondents operate provides a reasonably close
approximation of the hospital market. Whether or not this
is an appropriate approx imation for all hospitals used in
the study depends on other characteristics of the market.

The respondents in this survey were all in the urban and

suburban Philadelphia area. Other hospitals in the survey

may have wider market radii, especially rural h ospitals.
This study is also limited because it did not consider

hospitals which might be within the geographic radius, but

were outside Pennsylvania.

3.3.4 Patient Characteristics & Demand

Patient Characteristics

Physicians and administrators are knowledgeable about
the demographic characteristics of their patients.
Bariatric patients are informed consumers. Prospective
patients are media savvy. They use print, television and
internet to obtain information about bariatric surgery,
hospitals and physicians. Prospective patients use

websites which have ratings of physicians and hospitals on
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which patients share detailed reviews of individual
physicians. One physician, noting in his p
may have lear  ned this on the internet or perhaps at another

seminar at another hospital.o

Along with finding a competent surgeon, they seek an
accessible relationship with their potential health care
provider. The staff members are very conscientious of
being courteou s and promptly following up on patient

guestions or concerns. Word of mouth matters a lot.

Demand

Never underestimate the power of one influential
patient. The same physician cited the internet video
posting of singer Carne Wilsonbs gastric b
1999 and the very visible, post gastric bypass weight loss
of morning television weatherman Al Roker in 2002. He also
mentioned the spread of information necessary and ho w much
easier his job of educating his patients becomes when a
well known personality has bariatric surgery. He said that
it is easier for potential patients to learn about and
consider bariatric surgery when, along with learning about

the media star who had the surgery, the patient has a
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family member or friend or neighbor who has had the
surgery. That kind of networking effect has done much to
improve the visibility of bariatric surgery and increase

the demand for bariatric surgery.

One respondent noted that his practice benefits from
marketing by other hospitals. He told of a patient who
told him she had | earned a certain fact fr
video. He knew his hospital produced no such video, but

he benefited from the patientdés knowl edge.

Usuall 'y, the physician hired to be director of the
bariatric center had experience at another early adopting
facility. At least two physicians interviewed relocated
over one hundred miles to head new programs. | did not
observe business stealing within the Phil adelphia market,
such as physicians moving within the 19 mile radius. The
physicians were from many miles outside the market radius,

some from outside Pennsylvania.

3.3.5 Star Definition
Star Physicians
Research Question 1 in this dbogssertatio

the presence of fAstaro physicians influenc

rate of | aparoscopic bariatric surgery tec
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Research Question 2 asks, fnDoes the presen
physicians at a hospital impact the diffusion rate of

laparoscopic bariatric surgery tech nology to non - star
physicians?06 (See Chapter 1 Section 1.3) T
guestions, stars are defined as physicians who influence

others via social interactions. Consistent with Burke,

Fournier and Prasad (2007), this study uses a proxy for

social infl uence: physician medical school or residency

training at a top institution or physician inclusion in a

patient and peer rating publication, Top Docs.

The academic training criteria defining
this study was considered too simplistic by many of the
respondents; however, several of the respondents were stars
by the criteria used in this study. These star physicians
not only met the criteria | used as a proxy for star power,
they exhibited some of the characteristics for which the
academic cri  teria are assumed to proxy. Each one was
actively leading in the medical field through published
research, held an active presentation schedule at scholarly
conferences, and was very knowledgeable about the current
academic literature. Each was characte rized by lifestyles
of hard work, long hours, and great personal investment in

his patients. Several stars had presentation skills which
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easily engaged others in an enthusiasm for the work of the

hospital s bariatric team.

One administrator dismissed th e proxy criteria used in
this study. He noted that key individual s who will notice
influential physicians, or stars, are (i) other physicians;

(i) nursing and support staff; and (iii) patients. He

said physicians self - promote through speaking, attending
lots of community events, holding and hosting educational
seminars. He gave an example of a well - known area
physician who

€ has average surgical skills, but self -

promotes very effectively. She is no

better than others, but she is able to

generate that opinion among peers, patients.
For example, she is like (1980s pop singer)

Madonna. Shebés an average singer, but
brilliant marketer. Marketing perception
matters.

Though the proxy for star criteria was definitely
viewed as inadequate by the respondents, the number and
consistency of comments on characteristics which make
particular physicians influential seem to support the proxy
used in this study. Of the physician s surveyed who met the
star proxy criteria, they also exhibited other, less easily

guantifiable characteristics, acknowledged by other



respondents as characteristics of influential or star

physicians.

3.3.6 Substitutes

Open gastric bypass is a substitut e for laparoscopic
gastric bypass. Respondents agree that patients prefer
laparoscopic surgery to open surgery and view laparoscopic
gastric bypass as a substitute for open gastric bypass.
Physicians view open and laparoscopic gastric bypass as
substitut  es. If a physician is performing a laparoscopic
surgery and she runs into complications, it may become
necessary to convert the laparoscopic surgery to open
surgery. This is mentioned as a possibility in each of the

information seminar presentations.

3.3.7 Economies of Scale & Learning - By- Doing

Economies of scale mean that as production increases,
operating cost per surgery decreases. I'ti sdifficult to

empirically test for economies of scale in bariatric

surgery . Prices, which might be an indicator of changes in

cost, are not transparent. It is hard to tell if prices
decrease because third party insurers are powerful
negotiators or if suppliers have experienced decreased
costs or if both events are occurring simultaneously.

Learning - By- Doing is the concept that productivity
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increases due to worker skill improving with repetition.

Bariatric surgery is a surgical subspecialty which requires

a particular skill. Several respondents agreed that an

initial time to perform the surgery is about six hours.

With experience, the time decreases. Many now have an
average surgical time of one to two hours. Each of these
respondents had performed several hundred surgeries;
however, it was not evident from their interviews how long

it took to achieve this Learni ng- By- Doing. Several
respondents quickly cited the 100 per year rule of thumb

for proficiency in a surgery. Experience may also improve
guality, which may mean decreased complications from

surgery as well as decreased operation performance time.
Whether increasing number of surgeries at a facility means
lower prices, lower costs or higher quality is unclear;

however, positive correlation between procedure volumes and
hospital size may be an indirect indicator of economies of

scale (See Chapter 4 Section 4.4.5 and Table 10).

3.3.8 Economies of Scope

Economies of Scope mean production costs decrease as a
firm produces more than one pro duct using some of the same
inputs to production. Applying this to bariatric surgery,

both the physical labor of surgical team and the physical
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inputs can be used to produce multiple outputs. The same
surgeon who performs a laparoscopic gastric bypass often
has experience performing laparos copic gall bladder
removal, a common procedure for many bariatric patients.
Since bariatric surgeries are scheduled along with other
general surgeries, hospitals are sometimes using the same
equipment for a knee replacement as for gastric bypass.

For exa mple, physical inputs such as supplies which support
the extra weight of the morbidly obese such as wheelchairs,
operating tables, chairs, scales and beds may be used for
morbidly obese patients undergoing other services in the
hospital. Some surgical ima ging equipment used for
laparoscopic gastric bypass may be used for other types of

surgery.

3.3.9 Halo Effect and Demand Complementarities

For bariatric surgery, demand complementarities may be
generated for pre - surgical and post - surgical services. If
patients perceive the surgeon, the practice or the hospital
to have a certain skill or prestige, the hospital can gain
revenue from providing other services to the patient.

Pre - surgical demand complementarities exist in the demand
for laboratory tests of blood and urine and for cancer

screenings, cardiac exams and gynecological exams (the
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majority of bariatric patients are women). Such exams are

required for surgery. Demand for diet and nutrition

counseling services may also be generated at the hospital

before and after patients undergo surgery. Candidates for

bariatric surgery must demonstrate failed non - surgical
attempts to lose weight for a length of time in order to

qualify for many third party reimbursements. After surgery,

bariatric patients must mod ify their eating habits to

safely maintain their modified digestive system and sustain

weight loss. This includes vitamin and mineral supplements

as well as training in nutritionally appropriate diet S.
Successful weight loss patients may have excess skin tissue
that can be surgically removed. If they perceive the

bariatric surgeon has special skills due to the original

surgery, they may return to the same surgeon or surgeon

group at the hospital for additional surgery. Gall bladder

removal surgery is al so often required by patients who are
candidates for bariatric surgery. This may be done pre or

post - bariatric surgery.

According to one administrator, referring to the pre -

admissions testing,

€ The hospital wants this downstream income.
Patients are f ree to go to other providers,

but if the hospital gets the tests, it can

mean about $10,000 in revenue per patient.
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It appears from the respondent 06s comments that demand

complementaries are perceived as a possible positive

benefit from the decision to a dopt laparoscopic bariatric

surgery.  Additionally, a halo effect may be generated

because of a hospitalds reputation as a st
bariatric services. A halo effect means that demand for

all hospital services may increase.

3.3. 10 Insurance Coverag e

Hospital administrators and physicians appeared to be
mindful of reimbursement levels and practices by third
party insurers and their impact on patient behavior. One
Medicaid provider had begun denying pre - approval for
gastric bypass, an administrator n oted that patients just
switched coverage to the provider which did provide
coverage. A respondent commented that insurers require Six
months diet counseling and some weight loss prior to
surgery, yet there exists no empirical evidence to support
that suc  h actions improve surgical outcomes. The move is
meant to limit coverage. Another respondent commented on

what he obs erved as a practice by insurers

€éThereds prejudice. Patients have cont |
which restrict their use of bariatric surgery

to one surgery per lifetime. Can you imagine

telling a heart patient that they could only
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have one angioplasty because they
the diet they were supposed to?

Using Getzenods ( 2dohyi)appeasrthase
observations lend support to the premise that bariatric
surgery has entered the third stage, bordering on the
fourth stage of the Financial Reimbursement Cycle, in which
a system of administered prices prevails and insurers work
to enforce global budgets (See Chapter 4 Section 4.4.4

Profitability).

3.4 Summary of the Interviews
The interviews provide a limited qualitative analysis
of the decision - making process of hospitals and physicians
in adoption and diffusion of bariatric surg ery. The key
finding regards the decision making process. Two
discernible patterns emerge. In some cases, diffusion is
initiated by a physician. In other cases, diffusion is led
by administration. Findings support the central role of
the profit motive in adoption and diffusion of a
technology. The findings also support the assumptions used
in the descriptive and statistical analyses of chapters 4
and 5. The findings may not be applicable to all
hospitals, but they suggest certain explanations for

obs erved diffusion patterns.

di dno



CHAPTER 4

METHODOLOGY
This chapter describes patterns of diffusion of
bariatric surgery in the U.S., the state of Pennsylvania
and with in smaller geographic regions within Pennsylvania
This chapter discusses the availabl e data, characteristics
and patterns observed in the market for bariatric surgery,
some of which are quantified and considered in the

empirical analysis of chapter 5.

This chapter is organized as follows. Section 4.1
describes the data and data sources. Section 4. 2 describes
the observed diffusion patterns. Section 4.3 describes the
methodology for defining the relevant geographic market.
Section 4.4 presents alternate variables which might serve
as explanations of the observed diffusion patterns.
Combined with the interviews of Chapter 3, this chapter
serves as a background for the empirical analysis presented
in Chapter 5. The chapter ends with a summary of the

findings.
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4.1 Data and Data Sources

Data are collected from a variety of sources.
Publicly available d ata are obtained from the U.S. Bureau
of the Census, the Centers for Disease Control and
Prevention, the Pennsylvania Department of State , American

Association of Medi c@uncibTedcleng e s 6

Hospitals and Health Systems ,andi ndividual hospitals
Proprietary and publicly available data are collected by

the Pennsylvania Health Care Cost Containment Council (the
PHC4).

4.1.1 Demographic Data

Publicly available information fromthe  U.S. Bureau of
the Census and the Centers for Dis ease Control and
Prevention include data used to calculate state and county
level population, obesity rates, and income.

4.1.2 Bariatric Surgery Data

Proprietary data from the PHC4 include data from each
hospital in the state of Pennsylvania from fourth q uarter
1995 through second quarter 2007. The data include 39,918
patient level observations. Patient information includes
patient  diagnoses, hospital length of stay, age, race,
gender, county and ZIP code of residence. Diagnoses data

include  up to eight Diagnostically Related Group (DRG)
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procedure ¢ odes. Procedure data for e ach surgery are
classified according to U.S. Department of Health and Human
Services  International Classification of Diseases, 9th

Reuvision, Clinical Modification (ICD - 9- CM)procedure  codes:
44.31, the code for open gastric bypass surgery; 44.38, the

code for laparoscopic gastric bypass; or 44.95, the code

for adjustable gastric restrictive band and port insertion.

4.1. 3 Hospital Data

Publicly available data from the Pennsylvania Health
Care Cost Containment Council are used to track individual
and aggregated hospital characteristics. The series of

annual financial reports published by the PHCA list all

hospitals in Pennsylvania. The reports include hospital

size (measured in beds ), hospital closures, openings ,

mergers and name changes. The data include all short term,

general, acute care hospitals. Short term

length of stay is 30 days or less. Outpatient data are

excluded. Data are also obtained from the American

Hospital Association (AHA), from the Council of Teaching
Hospitals and from individual hospitals

4.1. 4 Physician Data

The PHCA4 proprietary data include the Pennsylvania

medical license number of the  operating physician,



attending physician and referri ng physician for each entry
Each license number is matched with physician name and

address from the Pennsylvania Department of State database.

There are  two hundred ninety - seven operating physicians.
Residency, special training, medical school graduati on date
and school are matched from the American Medical

Association physician database. Further information is

obtained from individual hospital website s and from phone

calls toindividual physician offices
4.2 Observed Diffusion Patterns

Diffusion patterns in the U.S. and in Pennsylvania
follow a similar pattern. There is a very large increase
in the early years, followed by smaller increases over
time. Following Tian (2006), a hospital is considered to
have diffused laparoscopic gastric bypass surgery if an
average of two surgeries per month is performed for four

consecutive quarters, that is, one year.
4.2.1 Total Surgeriesin U.S.

Since the 1950s, surgeons have performed bariatric
procedures; however, the number of surgeries never e xceed
more than a few hundred per year. These surgeries were
mostly malabsorptive in nature. In 1991, the National

Institute of Health issued a consensus statement which
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formally set standards for bariatric surgery candidates.

By the end of the decade, t he total number of bariatric

procedures in the U.S. for one year, 1998, exceeded the

number of procedures in the previous eight years. Most of

these surgeries were gastric bypass surgery. In 1993, Dr.

Alan Wittgrove performed the first laparoscopic gastr ic

bypass surgery. Foll owing Dr. Wittgroveos

in California, Dr. Philip Schauer performed the earliest

laparoscopic gastric bypass in the state of Pennsylvania in

1997 in Pittsburgh. In 1999, Wittgrove & Clark published
results and follow - up on five hundred patients (Wittgrove &

Clark, 1999) from his California center. In 2000, Schauer
& associates published results and follow - up on two hundred
seventy - five patients ( Schauer, Ikramuddin, Gourash ,
Ramanathan, & Luketich , 200 0). By 2004 - 2005, laparoscopic
gastric bypass surgery became the dominant type of gastric

bypass surgery and some procedures could be done on an
outpatient basis. Table 1 shows the number of in - patient
surgeries performed inthe U.S. and the annual percentage

change . Data on outpatient surgeries are not available.
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Table 1
U.S. Bariatric Surgeries and Percentage Change

Year Total Ag?\:?]lge %
1990- 1997 12,203

1998 13,386

2002 71,733 436%

2003 101,144 41%

2004 121,0 55 20%

2005 140, 640 16%

2006 127,335 -9%

2007 186,000 46%

2008 220,000 18%
Note . Data are from The Agency for Healthcare Resea rch and
Quality and The Annual HealthGrades Bariatric Tren dsin

American Hospitals Study (2006, 2007, 2008 , 2009 and 20 10).
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Annual Growth Rates .  Annual estimates for individual years

1999 through 2001 are not available. The increase from 1998
through 2002 is very large, estimated at over 430%. Annual
increases  after 2002 are less dramatic, yet average twenty -
one percent per year from 2002  through 2008, the last year

for which data are available. Between 2002 and 2005, the

annual percentage change averages twenty - five percent. The
annual percentage change for 2006 is remarkable because it

is negative. B ariatric surgeries performed in gen eral

acute care hospitals decrease nine percent in 2006, perhaps

dueto anincrease inthe number of outpatient surgeries

(Health Grades Inc., 2008) . The trend is not sustained in

2007 when the annual growth rate increases to forty - SiX
percent. | n 2008, a n estimated 220,000 bariatric surgeries

were performed in general acute care hospitals in the U.S. ,
an annual increase of eighteen percent over 2007. Figure 3

shows annual percentage changes in bariatric surgeries and

compound annual percentage growth in bariatric surgeries

from 2002 through 2008.
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4.2.2 Total Bariatric Surgeries in Pennsylvania

Table 2 shows the number of bariatric surgeries per
year in Pennsylvania. The number of surgeries increased
more than ten - fold from 1996 through 2004. The highest

number of surgeries occurred in 2004, perhaps reflecting

the policy changes by the Departme nt of Health and Human
Services in July of that year. The policy change rescinded

earlier Medicare policy statement s and formally recognized
obesity as a disease for the first time. Later in the

year, Medicare coverage of bariatric surgery began. In
2005 and 2006, a slight decrease follows the national

trend, perhaps suggestive of the entry into the market for

outpatient surgery. This is reflective of a nationwide

trend in which the number of outpatient bariatric surgeries

increased from 2004 through 20 06. It may also be due to a
2006 Medicare ruling that bariatric surgery reimbursed

under Medicare must be performed at a CMS designated Center

of Excellence. Moreover, the nationwide recession may have
decreased the demand for surgery if patients found

copayments and the lost time from work to be obstacles to

surgery. Demand may also have fallen as inthe number of
persons with health insurance decreased . 1'n2007 ,the
level of surgeries rises again . Figure 4  shows the total

bariatric surgeries in Penns ylvania from 1995 through 2007.



Table 2

Pennsylvania Bariatric Surgeries
Year Total % Change
1996 70
1997 198 183%
1998 362 83%
1999 674 86%
2000 1315 95%
2001 2684 104%
2002 4128 54%
2003 6215 51%
2004 7119 15%
2005 6724 -6%
2006 5746 - 15%
2007 6471 13%

Note . Data are from the Pennsylvania Health Care Cost
Containment Council and The Annual HealthGrades Bariatric
Trends in American Hospitals Stud y (2006, 2007, 2008 and
2009) .



Figure 4
Total Bariatric Surgeries in Pennsylvania
Total Bariatric Surgeries in
Pennsylvania
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HealthGrades Bariatric Trends in American Hospitals Study (2006, 2007, 2008, 2009), and

the U.S.

Census Bureau. Total data include laparoscopic and gastric bypass, laparoscopic

adjustable bands and other types of bariatric surgery.
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In 1997 , Dr. Philip R. Schauer and a group of
physicians from Pittsburgh introduced laparoscopic gastric
bypass surgery. The percentage of laparoscopic surgeries
remained in the 10 to 12 percent range through 2003. In
2005, laparoscopic surgeries exceeded open surgery for the
first time, accounting for 64 percent of the Pennsylvania
gas tric bypass market. By 2007, the percentage of
surgeries performed laparoscopically accounted for 81
percent  of all bariatric surgeries in Pennsylvania.

Figure 5  shows the number of laparoscopic and open

surgeries from 1995 through 2007 in Pennsylvania.
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Figure 5

Open and Laparoscopic Surgeries 1995 - 2007
Open and Laparoscopic Gastric Bypass Surgery in Pennsylvania
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= Laparoscopic 0 0 1 4 34 114 269 484 820 1377 4309 4071 2242
= Open 14 70 197 358 653 | 1190 | 2385 | 3867 | 6143 | 6177 | 2453 | 1399 | 538

Note. 2007 represents only half - year of data. 1995 represents one quarter year of data
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4.2.3 Open Gastric Bypass Surgery in Pennsylvania
The diffusion pattern of open bariat ric surgery in
Pennsylvania follows a sigmoid or S - shaped pattern . The

significance of this pattern in the diffusion literature is

discussed in chapter 1. The S - shape evolves because the

rate of diffusion is very slow until it hits a lower

threshold, about 10% Asaturation | evel, 0 the percer
potential adopters who diffuse the surgery . Then,

diffusion rates increase more quickly until they reach an
inflection point and the rate of diffusion decreases as a
maximum marke t saturation level is reached . An upper bound

is then reached at the slower rate of diffusion and the S -

shape is traced out. Upper bounds for some surgical

procedures may reach eigh ty percent or more, as is the case

for stents in cardiac surgery. Burke, Fournier & Prasad
(2007) find stent usage reaches eigh ty percent of all short
term, general acute care hospitals in Florida  within five
years of its introduction . Foran abdomin al surgery, an
upper bound of thirty percent may be appropriate . For

bariatri ¢ surgery, Tian (2006) finds an upper bound of
thirty percent of all short term, general acute care
hospitals in nine states reached after five years
Abdominal surgeries account for a much smaller fraction of

hospital revenue than cardiac surgery. In Pe nnsylvania,
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while digestive system surgery accounts for about eight

percent of hospital revenues, cardiac surgery accounts for

almost twenty percent of revenues (PHC4 Reports County
Profiles, 2010) . Ittook 4.5 years for the s aturation
level to increase from ten to thirty percent. In 1999, ten

percent of hospitals in the state have diffused open

gastric bypass surgery. By 2003, the statebs saturation
level was about thirty percent for open gastric bypass
surgery. Figure 6 shows the diffusion pattern for open

gastric bypass surgery among Pennsylvania hospitals
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4.2.4 Laparoscopic Ga stric Bypass Surgery in Pennsylvania

Similar to the diffusion pattern followed by open

gastric bypass surgery, laparoscopic gastric bypass surgery

in Pennsylvania also follows a sigmoid or S - shaped pattern
The time betwe  en reaching a lower bound of ten percent and
its maxim umrate, twenty - five percent , in this case, is

four years. It may be that if two additional quarters of

data were available for Pennsylvani a
growth rate of surgeries for the year followed the national

trend upward, thenthe  thirty percent threshold may be

reached by the end of 2007. That would mean the diffusion

patterns of open and laparoscopic gastric bypass were very

similar.

Figure 7 shows the diffusion pattern of laparoscopic

baria tric surgery in Pennsylvania.

and
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Laparoscopic Gastric Bypass Diffusion in Pennsylvania
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4. 2.5 Diffusion Patterns among Hospital Regions

PHC4 aggregates hospital data into nine geographic
region s. Figure 4.1 maps the hospital regions in
Pennsylvania and includes data on population and counties
included in each region. Table 19 lists the hospitals in
each region. The number of hospitals in each region varies
from 11 to 31, with an average of 14. The mean number of
hospital beds per thousand population is 3.58 (standard
deviation .73), varying from a minimum of 2.4 to maximum of
4.5 hospital beds per thousand population. Table 3
presents the annual number of bariatric surgeries in each

hospital r egion.
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Table 3
Bariatric Surgeries by Hospital Region

HR1 HR2 HR3 HR4 HR5 HR6 HR7 HR8 HR9

1995 4 2 1 0 2 0 2 0 3
1996 23 18 1 0 3 0 9 0 16
1997 91 11 4 0 10 3 33 0 46
1998 216 21 5 0 23 2 44 3 48
1999 387 22 8 0 42 15 109 4 100
2000 681 20 14 0 121 36 199 16 217

2001 1066 28 54 26 321 104 466 67 522

2002 1635 221 119 92 509 134 671 115 855

2003 2572 486 195 224 875 207 969 317 1118

2004 2637 453 144 294 1130 168 967 541 1220

2005 2105 369 177 338 1003 181 729 826 1034

2006 1690 325 138 362 705 145 643 641 821

2007 * 892 180 67 220 348 44 283 332 414

Note . Data are from the Pennsylvania Health Care Cost
Containment Council and The Annual HealthGrades Bariatric
Trends in American Hospitals Studies.

*2007 includes first two quarters of data.



Figure 8

Pennsylvania Hospital Regions

Region 1

Allegheny, Armstrong, Beaver,
Fayette, Greene, Washington, and
Westmoreland.

Population: 2,297,676

Region 3

Bedford, Blair, Cambria, Indiana,
and Somerset.

Population: 637,688

Region 5

Adams, Cumberland, Dauphin,
Franklin, Fulton, Huntingdon,
Juniata, Lancaster, Lebanon,
Perry, and York.
Population: 1,785,083

Region 7 [

Berks, Carbon, Lehigh,
Northampton, and Schuylkill.
Population: 1,161,932

Region 9 [
Philadelphia

Population: 1,517,550

, Counties and Populations

(cgiou 9

Region 2  d

Butler, Cameron, Clarion, Clearfield,
Crawford, EIk, Erie, Forest, Jefferson,

Lawrence, McKean, Mercer, Potter,
Venango, and Warren.

Population: 1,142,783

Region 4 mmm

Centre, Clinton, Columbia, Lycoming,

Mifflin, Montour, Northumberland,
Snyder, Tioga, and Union.
Population: 501,354

Region 6

Bradford, Lackawanna, Luzerne, Monroe,
Pike, Sullivan, Susquehanna, Wayne, and

Wyoming.
Population: 904,891

Region 8 [
Bucks, Chester, Delaware, and

Montgomery.

Population: 2,332,097

FIGURE 8. H ospital Regions, Counties & Population
Pennsylvania Population 12,281,054 (in the Year 2000)

Total
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Diffusion Index

Tables 4 and 5 represent my attempt to summarize the
diffusion patterns  in each Hospital Region by creating an

index. This is a primitive approximation at best, based on

arbitrarily chosen geographic markets ; howeveri t can serve
as a monotonically consis tent indicator across broad areas.

Table 4 and Table 5 provide an index (Slow, Medium, Fast)

of diffusion and summarize diffusion characteristics: year

of adoption, speed of adoption, final saturation rate and

procedures per 1,000 for the last yearofth e study , 2006
guarter 4 through 2007 quarter 2.

HR1 and HR9 .  The most striking feature in the data is the
dominance in adoption and diffusion of Hospital Regions 1

and 9, both of which include major research hospitals. HR1

is dominated by the University of Pittsbur

system (UPMC HS) and West Penn Allegheny Health Systems.

UMPC accounts for over thirty - five  percent of hosp ital beds

with  eight hospitals in the system ) West Penn Al l egheny

five hospitals mean the two largest hospital systems in HR1
account for almost sixty percent of the approximately 8,200

beds in the region. In contrast to HR1, HR9 is made of up
several research hospitals, including University of
Pennsylvania Hospital System , Temple University Hospital

System, Albert Einstein , Thomas Jefferson University
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Hospital and Hahnemann University .  Both regions appear to
have a number of firms seeking a first move radvantage.
That is, firms which enter a market first expect to capture

and maintain a large share of the market (Markides,

Constantides & Geroski, 2005). They take high risks in the

hopes of earning large returns. Both hospital regions are
early adopt  ers and rapid diffusers of both open and

laparoscopic surgery , reaching saturation rates of 45% in

HR1 and 59% in HR9. Figure 10  and Figure 11 show the
diffusion patterns for HR1 and HR9 for open and

laparoscopic gastric bypass surgery.

HR2,HR3and HR8 . HR2, HR3 and HR8 might be classified as
second movers. Second movers are unwilling to take the
risks that first movers take, but are willing to wait for

the market for a product to emerge and then compete by

produci ng-taodiomepr oduct ( Mar kitdes&, Const a
Geroski, 2005). HR2 and HR8 are both slow to adopt and
slow to diffuse laparoscopic gastric bypass. In contrast

to HR1 and HR9, HR2, HR3 & HR8 are characterized by the
absence of major university teaching hospitals. HR2 & HR3
geographically bor der HR1; HR8 geographically borders HR9.
For open gastric bypass, both HR2 and HR8 eventually reach

market saturation rates of 27%. For laparoscopic surgery,
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the saturation rate in both is very close to 10%. HRS3
adopts both laparoscopic and open surgery later than HR2 &

HR8; however, like HR2 and HR8, HR3 diffuses slowly.

HR5 and HR6 .  Hospital diffusion patternsin b oth HR5 and
HR6 are might be classified a s following Afast se@&cond
strategy. A fast second strategy means firms monitor the

actions of first movers and hold off entry. These firms

are slow to adopt the technology, but once in the market,

they are fast diffusers because they capitalize on firm

strengths such as institutional structure which might be

conducive to exploiting economies of scale(Waldman &

Jensen, 2000; Markides, Constantides & Geroski, 2005). Both

HR5 and HR6 have academic medical centers which could

account for their ability to quic Kly diffuse the new
surgery. Milton Hershey Medical Center is in HR5 and
Geisinger Medical Center is in HR6. Both hospital regions

reach saturation points of 24% by the end of the study.

HR7.  HR7 can be distinguished from the other hospital

regions by its lack of large research hospital or large

hospital system. Diffusion of both open and laparoscopic

surgery is classified as fAMedi um. o By the
study, HR7 reaches 50% saturation rate for open surgery and

46% saturation rate for laparoscopic s urgery.



Figure 9  shows the diffusion pattern of bariatric
surgery in PA and in each Hospital Region. Table s 4and 5
shows saturation rates for each Hospital Region. HR1 and
HR9 contain major teaching hospitals and lead in the
intensity and speed of diffusion. Both are the first to
adopt both open and laparoscopic gastric bypass. HR1 and
HR9 dominate the number of surgeries performed, accounting
for almost half of all gastric bypass surgeries in

Pennsylvania over the time period studied.
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Table 4
Open Gastric Bypass Diffusion by Hospital Region

2006 - 2007
Final Procedures
Diffusion Year of Speed of Saturation Per 1000
Region  Description Adoption Adoption Rate Population
HR1 Fast 19954 Fast 45 .06
HR2 Slow 1995:4 Fast 27 .05
HR3 Slow 1997: 4 Medium .18 .01
HR4 Slow 2001:2 Slow .07 .01
HR5 Medium 1998: 1 Medium 31 12
HR6 Slow 1999:1 Medium .18 .02
HR7 Medium 1996: 2 Medium .50 .04
HR8 Slow 2001:1 Slow 27 .09
HR9 Fast 19954 Fast .59 15

Note . Data are from the Pennsylvania Health Care Cost
Containment Council.



Table 5

Laparoscopic Gastric Bypass Diffusion by Hospital Region
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2006 - 2007
Final Procedures
Diffusion Year of Speed of Saturation Per 1000
Region  Description Adoption Adoption Rate Population
HR1 Fast 1999: 2 Fast 42 .68
HR2 Slow 2004 :4 Slow .09 .24
HR3 Slow 2002 :4 Medium .20 .19
HR4 Slow 2002 :2 Fast .07 . 29
HR5 Fast 2004:1 Slow 24 .27
HR6 Fast 2003:1 Slow 24 .10
HR7 Medium 2001:1 Fast 46 . 45
HRS8 Slow 2004: 3 Slow 13 .18
HR9 Fast 2001:1 Fast .29 .43
Note . Data are from the Pennsylvania Health Care Cost

Containment Council.



Figure 9
Diffusion by Hospital Region: Open Surgery

Diffusion Rate

 HR7,509

HR9, 599

Note . Data are from the Pennsylvania Health Care

Cost Containment Council.
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Figure 10
Open Gastric Bypass Diffusion for HR1 and HR9

Open Gastric Bypass Diffusion Rates:
Hospital Regions 1 and 9
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Note . Data are from the Pennsylvania Health Care Cost Containment Council.
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Figure 11
Laparoscopic Gastric Bypass Diffusion for HR1 and HR9

Laparoscopic Gastric Bypass Diffusion:
Hospital Regions 1 and 9
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Note . Data are from the Pennsylvania Health Care Cost Containment Council.
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Figure

12

Total Gastric Bypass Surgeries by Hospital Region
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Data are from
gastric bypass surgeries from 1995:4 to 2007:2.

the Pennsylvania Health Care Cost Containment Council and include
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Figure 13
Percentage Gastric Bypass Surgery by Hospital Region
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4. 3 Defining the Relevant Geographic Market

This section describes the theoretical basis for
defining a geographically relevant hospital market and
explains the rationale for possible empirical applications
for defining hospital markets: socio - politically
defin ition s, Elzinga - Hogarty defin ition s, fixed radius
market definition s, and variable radiu s market definition S.
Section 4.3.1 explains the the oretical bases for market
definition. Section 4.3. 2 describes the socio - politically
defined regions. These include the PHC4 hospital regions ,
HR1 through HR9 , which have conveniently been used thus far
in describing the hospital data . Section 4.3. 3 desc ribes
the Elzinga - Hogarty test. Section 4.3.4 describes the
fixed radius approach to market definition. Section 4.3.5
describes the variable radius approach to market
definition. The use of a variable radius market definition
in this dissertation allows for the incorporation of actual
patient flow data and results in much smaller markets

within the PHC4 defined hospital regions
4.3.1 Economic Theory & Market Definition

Economic theory defines the relevant geographic market
using the hypothetical monopo list test. The relevant

geographic market is defined by the smallest group of firms
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which, if acting collusively as a hypothetic  al monopolist,
could profitably raise prices a significant amount over a

sustained time period. The lack of transparent price

information for hospital services makes implementing the

hypothetical monopolist test challenging. The Department
of Justice and the Federal Trade Commission make
recommendations for implementing geographic market

definition s when assessing the impact of proposed hospital
merger s onlocal mar kets . See Section 4.3.3 and 4.3.5.

Other approaches focus on  use of readily available measures

of social or political boundaries.

4.3. 2 Socio - politically Defined Market Region s

Social and political bounds are sometimes used to
define hospital markets. This can include or be limited to
a city, county, Metropolitan Statistical Area (MSASs) and
urban areas (Lynk, 1995a; Dra nove, 1992). The PHCA4
aggregates hospital data into nine geographical regions.
The PHC4 assi gns each of the sixty - seven Pennsylvania
counties to one of nine geographic markets, or hospit al
regions. Figure 1 maps the hospital regions in Pennsylvania
and includes data on population and counties included in
each region. Table 10 lists the hospitals in each region.
The number of hospitals in each region varies from 11 to

31, with an average of 14. The mean number of hospital
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beds per thousand population is 3.58 (standard deviation
.73), varying from a minimum of 2.4 to maximum of 4.5
hospital beds p er thousand population. The number of
hospitals in each region declined over the time period
studied . The total number of hospitals in Pennsylvania
declined from 191 hospitals in 1995 to 166 in 2007

Thirty - seven hospitals closed or merged with another
hospital. Two hospitals entered the market. This study
excludes those hospitals which closed during the time
period studied. Data from merged hospitals are included as
one hospital.

4. 3. 3 Market Definition Using Elzinga - Hogarty Test

The Department o f Justice and the Federal Trade
Commission use the Elzinga - Hogarty criteria as a geographic
market definition starting point when assessing the impact
of a proposed hospital merger on local markets (Elzinga and
Hogarty, 1973). According to Department of J ustice and
Federal Trade Commission (1996), the hypothetical
monopolist could increase price by five percent for one
year and maintain monopoly profits. Hospital markets are
characterized by great variability and lack of easy access
to information about p rices. Absent transparent price
information, the focus of development of criteria for

defining a relevant geographic mar ket for hospitals has
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been patient flows. The Elzinga - Hogarty test is a two part
test which measures patient flows by import and expor t of
hospital services: LIFO isa measure of services imported

and LOFI a measure of services exported. The LIFO (Little

In  From Outside) calculation measures the percentage of

patients who live in the geographically defined market area

and travel outsi de the geographically defined market area

for services. The LOFI (Little Out From Inside) measures

the percentage of patients who live outside the

geographically defined market area who travel to the
geographically defined market area for services. If ni nety
percent of patients who live in the area obtain services in

the area, then the geographic market satisfies the "strong"

Elzinga - Hogarty test. If seventy - five percent of the

patients who live in the area obtain services in the area,

then the geographi ¢ market satisfies the "weak" Elzinga -
Hogarty test.

Criticisms of the Elzinga - Hogarty Test .  Early criticism of
the Elzinga - Hogarty test (E -H Test) measure is thatit may
measure markets too broadly (Werden, 1981 & 1990; Capps,
Dranove, Greenstein, & Satterthwaite, 2001; Ten n, 2008)
Elzinga and Hogarty concur that the seventy - five percent
criteria is arbitrary . They suggest increas ing the

criteria to ninety percent (Elzinga and Hogarty, 1978;
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Elzinga, 1981). Another criticism is that the E -Htesti s
designed to measure markets in which firms sell homogeneous

products, but hospitals are multiproduct firms which sell
differentiated products (Possaiand G oetz,1994) . Finally,
the E - H tests do not account for observed one way flow of

patients from rura | to urban centers (Blackstone and Fuhr,

1998). The FTC/DOJ suggest that the hypothetical monopolist

test should be implemented , but used along with additional

evidence of mar ket definition such as hospital

planning documents , which  might ident ify potential

competitors.

PHC4 Hospital Regions and the Elzinga - Hogarty Test . Ofthe
nine hospital regions, only HR5 satisfies the E - H criteria.
HR5 captures seventy - five percent of patient flows,

satisfying the weak E-H market criteria. Since the defi ned

hospital regions include several counties, market

definitions which include smaller areas are considered.

4.3. 4 Fixed Radius Criteria

Fixed radius criteria reflect the idea that patients
seem to prefer to patronize hospitals within a relatively
short distance from their homes. In the case of emergency
medical situations, ambulances are often required by law to

take a patient to the nearest hospital. Using fixed radius
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criteria, a radius is drawn from a hospita
the desired distance, with fifteen miles being a frequent

cut off (Robinson and Luft, 1985; Gruber, 1994; and Shen,

2002). Sometimes,t he distance is calculated from the

exact longitude and latitude of the hospital to the area
extending to and including the ZIP code s within the chosen
cutoff point. The entire ZIP code reached is included in
the relevant geographic market. Other times, the centroid
of the ZIP code which includes the hospital isused and
extended to the chosen cutoff point . The U.S. Bureau of

the Census calculates the centroid for each ZIP code

location as the latitude and longitude point determined as

the mean population center within a ZIP code region. The
fixed radius criteria ar e convenient and relatively easy to
apply; however, a fixed market definition does not account

for demographic  or hospital characteristics which might

result in differences in hospital market size.
4.3 . 5 Variable Radius Criteria

Variable radius market defi  nitions capture the
seventy - five and ninety percent patient flows of the
Elzing - Hogarty criteria by finding the length of radius
which reflects hospital and demographic characteristics and

satisfies the seventy - five and ninety percent patient flow
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requirem ents . Phibbs and Robinson (1993) use hospital
admission data from the state of California to empirically
test for geographic bounds corresponding to seventy - five
percent and ninety percent patient flows. Gresenz,
Rogowski and Escarce (2004) use hospital admission data
from nine states to define hospital markets which capture

seventy five and ninety percent of patient flow s. Both

calculate median and mean radii which are less than the
fifteen miles often used as an ad hoc cut off in fixed

radius models.

4.3. 6 Variable Radius Test for Bariatric Surgery Markets

Following Gresenz, Rogowski and Escarce (2004) and
Phibbs and Robinson (1993), this study calculate s the radii
which capture seventy - five percent and ninety percent of
all patient discharges as seventeen and nineteen miles
respectively . The distance between the centroid of the
pati ent 0 scodg an®the centroid of the ZIP code of the
hospital is used as the proxy for the exact distance
bet ween patientés home andhetiheteenmies pi t al
market radius used in the strong market definition in this
study is consistent with the work of Gresenz, Rogowski and
Escarce (2004) and Phibbs and Robinson (1993) . Hospital

characteristics which are statistically significant
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(p<=.05) include the followi ng: population density, number
of hospitals within fifteen miles, average patient length
of stay, log of total charges, and hospital teaching
status. Table 6 shows a comparison of the variables used
in this study and the variables used by Phibbs and Robi nson
and Gresenz, Rogowski and Escarce for the ninety percent
market definition. Ordinary L  east Squares Regressions are
used to calculate the ninety percent patient flows.

Table 7 shows a comparison of the radii used in this
study and the radii calculat ed by Phibbs and Robinson and
Gresenz, Rogowski and Escarce for the ninety percent market
definition. The radii for bariatric surgery in Pennsylvania
compare favorably with the previous work. The 19.2 miles
actually is the mean patient distance to hospita | which
captures ninety percent of patients. The regression is
then used to predict market radii. The radii predicted is
18.7 miles. | then use 19.0 miles to calculate the radius

of a hospital s mar ket for each hospital



Table 6

Variables Used in Market Radius Calculations: Comparison

with Previous Research
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Gresenz,
Rogowski
Phibbs & &
Robinson Escarce Shinn
Hospital Characteristics
Population density a *rk a Fkk a
Number of hospitals within 15 miles a a a
COTH hospital a a *x a x
Urban code a a a **
Hospital system member a
Average length of stay (days) a a a x
Log of total charges a *kk a
Patient sex a **
Patient race a **
Adjusted R - squared .35 .44 .20

Note. *p<=0.10; *p<=0.05; ***p<=0.01

Gresenz, Rogowski&

Escarce test for burn unit, trauma center, geriatric services,
reproductive services, post acute care services, specialized imaging
services, disease specific care and other medical services a find no

statistical significance.
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Table 7
Comparison of Market Radii with Earlier Studies: 90% of
Patient Discharges

Standard

Mean Median deviation Minimum  Maximum
Actual radius(miles)
Phibbs & Robinson 17.8 14.0 12. 7 0.6 124.4
Gresenz, Rogowski &
Escarce 21.5 15.7 19.7 0.4 179.0
Shinn 19. 2 13. 4 18.5 0.1 97.8
Predicted
radius(miles)
Phibbs & Robinson 17.8 17. 2 7.9 4.7 42.6
Gresenz, Rogowski &
Escarce 22.8 21.0 12.2 0.2 105.1
Shinn 18. 7 17.6 8.1 0.0 45.6

Note . Phibbs & Robinson, 1983, California, 355 hospitals.

Gresenz, Rogowski & Escarce, 1997 data, 9 states, 1,246

hospitals. Shinn, 1995 through 2007, Pennsylvania, 1 66
hospitals. Gresenz, Rogowski & Escarce calculate slightly

large radii for rural areas. Urban area data are shown

above.

This study extends the work of Gresenz, Rogowski and

Escarce (2004) and Phibbs and Robinson (1993) by including

discharge data restricted to a specific surgery . This
early work in market definition includ es all types of
hospital discharges. This study is consistent with the work

of Huckman (2006) and Burke, Fournier & Prasad (2007), both

of which use a variable radius test. Both use data which
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include a cross section of patients undergoing surgery for

acute myocardial infarction. Lack of information about
contiguous areas in neighb oring states may limit the
analysis of market definition in those markets in which

patients cross state lines.

Payer Testimony. The FTC/DOJ suggest s that the
hypothetical monopolist test should be implemented as a
starting point for defining a relevant m arket. A ddi