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rectly to the theory of price discrimination with oligopoly.1 If hospitals are more verti-

cally differentiated from one another in their preferences for stents (what the literature

would call best-response symmetry among manufacturers), then competition will tend

to intensify with more uniform prices (Holmes 1989). If hospitals are instead more hori-

zontally differentiated (best-response asymmetry), then competition will tend to soften

with more uniform pricing, as manufacturers price to their captive markets (Corts 1998).

Thus understanding if different prices are good or bad for hospitals requires knowing first

how much variation in price is due to variation in demand, and then whether this de-

mand variation is vertical or horizontal. A complete analysis requires going further and

accounting for the fact that prices are not “set” by suppliers as they are in the price

discrimination literature—stent prices are negotiated.

When buyers and suppliers negotiate prices, supplier costs, buyer willingness-to-pay,



empirical and theoretical research by quantifying several mechanisms previously illus-

trated in theory and demonstrating new interactions between price discrimination and

bargaining in a context where both are important.

Central to this study is an unusually detailed panel data set, providing the quan-

tities purchased and prices paid for all coronary stents sold to 96 U.S. hospitals from

January 2004 through June 2007, at the stent-hospital-month level. The stent market is

a business-to-business market in which hospitals generate revenue by implanting stents

during angioplasty procedures, and the stent is a necessary input that the hospital must

purchase from a device manufacturer. Contracts are negotiated, stipulating the price at

which the hospital can purchase a given stent over a specified period of time, and different

hospitals negotiate different prices for the same stent. This price variation has significant

implications for profits. Moving from the 25th to 75th percentile in price would result in

a change of about $300,000 annually (about four nurses’ salaries) at the average-sized

hospital. Section 2 of the paper provides more details regarding the industry and data.

Even with these detailed data, several important variables—cost, willingness-to-pay,

and bargaining ability—are unobserved. Further, separating the impact of demand and

competition on the range of potential prices from the impact of bargaining abilities within

that range requires an explicit model of how competition and bargaining determine prices.



This model relates to the theoretical literature on bargaining with externalities (Horn &

Wolinsky 1988), and Crawford & Yurukoglu (2010) use a close varian





doctor, regardless of the type of stent used; and for hospitals, $10,422 for a BMS and

$11,814 for a DES.6 Reimbursements do not depend on the manufacturer of the stent.

Out of this revenue comes the hospital’s costs, including the cost of any stents used.

Thus the hospitals keep in profit any price savings they can achieve on the cost of stents.

While in many markets there might be some interaction between the costs negotiated

with suppliers and the revenues negotiated from buyers, that is not the case here. For

Medicare patients, who receive over 50% of all stenting procedures, the reimbursement

levels are fixed; and the reimbursements from private insurers are generally negotiated

as a markup on Medicare rates across all procedures performed at the hospital. Thus

reimbursement levels at each hospital are fixed with respect to the cost of stents.

2.2 Data Overview

The data set used in this paper is from Millennium Research Group’s Marketrack survey

of catheter labs, the source that major device manufacturers subscribe to for detailed



Figure 1: Aggregate trends in the market over the sample period. The
quantity graph shows the total number of stents implanted, also broken down into DES and
BMS. The price graph shows median prices of BMS and DES (the thin lines are the first and



These per-unit price differences translate into significant dollar amounts. A $317

change in price results in a difference in cost of over $300,000 per year in the mean-

volume hospital, or nearly $1 billion per year across the three million stents implanted

worldwide. This is about 20% of the annual revenue of the global stent market.

There are many potential explanations for this price variation across hospitals. Rev-

enue for stenting procedures varies across hospitals. The relative strength of the inter-

ventional cardiologists versus substitute treatments and the distribution of patient types

will vary across hospitals as well. Also, stents are differentiated products, and doctors

vary in their preferences over which stent is best to treat a given patient. These varia-

tions induce different competitive environments in different hospitals. The variation in

the market shares of each stent, the number of diagnostic procedures per hospital, and

the frequency with which diagnostic procedures lead to stenting, displayed in Table 2

and Figure 2, all provide a sense of this demand heterogeneity.

Table 2: Market share variation across hospitals. The table reports summary
statistics for the distribution of market share (% of all stents used) across hospitals. (Average
shares do not add up to 100% because not all stents are used by all hospitals, as documented
in the last column of the table.) The sample is restricted to September 2005 (middle of the
sample in time) to isolate cross-sectional variation. There are N=54 hospitals sampled in this
month, and BMS1-3 have exited the market.

brand mean (%) std. dev. (%) std.dev./mean min (%) max (%) N
BMS4 5 3 0.7 1 14 25
BMS5 3 2 0.6 1 7 23
BMS6 6 6 1.0 1 25 26
BMS7 4 5 1.1 1 25 39
BMS8 4 4 1.1 1 14 11
BMS9 8 8 1.0 1 32 47
DES1 43 30 0.7 1 88 54
DES2 41 30 0.7 2 93 54

Taking a closer look at the market share data also provides some preliminary evidence

regarding the amount of vertical versus horizontal variation in demand across hospitals,

which theory suggests will play an important role in determining the effects of competi-

tion under price discrimination versus uniform pricing. Regressing the September 2005

(to isolate cross-hospital variation) market shares (percent of diagnostic procedures that

are treated with each stent) on stent dummy variables, and then on stent and hospital

dummy variables, reveals that hospital effects explain only 12% of th









interaction dummy variables starting in January 2006 to account for the scare over DES

safety during this time; and ξjht are unobservable time fluctuations in hospital preferences

for each stent model.

Including the θjh fixed effects is important, as doing so controls for persistent unob-

served heterogeneity at the product-hospital level (and thus also at the product level and

hospital level). This heterogeneity across hospitals comes from different average prefer-

ences of doctors due to different opinions regarding the clinical data for each product,

different mixes of patients, and different reimbursement levels for stenting procedures.

However, because ξjht is an average across different doctors with different preferences

and different patients with different characteristics, monthly variation occurs when the



DES and BMS.

ǫijht and λijht are random components specific to stent j, modeling the fact that some

doctors may have very strong preferences for a particular stent for a particular patient.

ǫijht is the standard “logit” error term (extreme value type I normalized with mean zero





time according to some imperfectly persistent process. Both demand and bargaining

ability should do so in this application. Monthly variation in demand occurs due to

changes in doctor preferences (as new studies are released and device salespeople spread

the word) or doctor turnover within a hospital over time. Imperfectly persistent variation

in bargaining abilities would result from changes over time in the individuals involved in

bargaining for a given stent at a given hospital, changes in the incentives faced by the

same individuals, or learning by the same individuals over time. Appendix C confirms

that these instruments are strongly correlated with price.

The nonlinear parameters in the demand function—the mixture para



though, is not an obvious step and warrants further discussion. The motivation behind

this step—which implicitly says that doctors and administrators behave according to the

same utility function in assessing the value of a given stent—can be best captured by a

quote from an article on physician preference items in the Journal of Healthcare Con-

tracting (November/December 2009, p.12). It reads, “In many cases, physicians—when

given good data to work with—will work out supply chain issues amongst themselves in

a way that pleases both the clinical and administrative sides of the house.” The intuition

behind this comes from the fact that, despite their different roles within the organiza-

tion, in the end doctors and administrators care about many of the same things: patient

health, doctor satisfaction, and hospital profitability.

What if the surplus function for administrators who negotiate prices is different than

that of doctors who choose which stents to use (e.g. more price sensitive)? To the extent

this is the case, it will be captured in the bargaining ability parameters in the pricing

model presented in the next section. This introduces a slightly different interpretation for

a high hospital bargaining ability. A high bargaining ability may result from the ability

to drive a better deal with device manufacturers, or it may result from an administrators

power to maintain and act upon a more price-sensitive view of the available stents than

the doctors at that hospital.

3.2 Modeling Pricing with Competition and Bargaining

Prices are set in a model of bargaining in the presence of competition where each hospital

negotiates with each manufacturer separately and simultaneously



manufacturing are not affected by inclusion or exclusion from a single hospital. Here I

write the model with each product negotiated separately, though it is possible to allow

for multi-product manufacturers, as discussed in Appendix B.2.1.

A variation of this model has been used in prior empirical work by Crawford and

Yurukoglu (2010), and many related models have been developed in theoretical work on

bilateral negotiations with externalities (e.g. Stole & Zwiebel (1995); de Fontenay and

Gans (2007)). This prior work includes detailed discussions on how this model “nests” the

solutions to many other pricing models of interest. Of particular interest here are: when

the hospital has zero bargaining ability (bht(j) = 0, ∀j ∈ Jht), manufacturers set prices in

a Bertrand-Nash price equilibrium; and when a manufacturer has zero bargaining ability

(bjt(h) = 0), that manufacturer prices at cost. Also, different assumptions on the threat

points, djht





For relative bargaining ability, I specify

bjt(h)

bht(j)
= βjhνjht, (10)

where βjh measures the average relative bargaining ability of stent j to hospital h, captur-

ing firm-specific features (such as hospital size) as well as allowing for different bargaining

abilities for the same hospital across manufacturers and vice-versa. νjht is the economet-

ric unobservable term that measures the extent to which bargaining outcomes in the

data deviate from the outcomes suggested by the pair-specific bargaining abilities. νjht

could represent the evolution of bargaining abilities over time (due to learning, changes

in personnel, or changes in organizational incentives) or the possibility that bargaining

outcomes are simply random (due to idiosyncratic events that might affect a particular

negotiation). To the extent that bargaining outcomes vary a great deal over time, this

specification will set βjh = 1, and all variation will be due to the random unobservable

term νjht.

3.2.2 Estimation of costs and bargaining abilities

.



The only potential problem is that added value can change in response to supply shifts

as well as demand shifts because in this NTU game added value is a function of price

(and thus bargaining abilities and costs). Higher bargaining ability can lead to a higher

price and lower added value, biasing βjh downwards. This is the supply side of the

simultaneity problem.

While this is a potentially large problem in theory, I expect it to be small in this

context for two reasons: First, allowing for stent-hospital specific bargaining parameters

controls for fixed stent-hospital differences, meaning that the variation in unobserved

bargaining ability is within stent-hospital and thus likely to be less of a problem than if

variation across hospitals were used. Second, industry knowledge predicts (and demand





The small elasticity estimates show that price does matter in treatment choice, but rela-

tively little. This is consistent with how industry participants describe doctor behavior,







4.3 Bargaining Distribution Estimates

Given demand and cost estimates, the estimated distribution of relative bargaining abil-

ities, βjhνjht, is given by Equation 17. This distribution is easiest to interpret when



5 The Welfare Effects of More Uniform Pricing

The results in the previous Section indicate that the observed price variation across

hospitals for a given stent comes from variation in both demand and bargaining abilities.

Both of these sources of heterogeneity also play an important role in this Section, which

examines several counterfactual scenarios with more uniform pricing, including: uniform

prices set by manufacturers (a potential outcome of transparency reforms), centrally

negotiated pricing for all hospitals (via GPOs or government purchasing), and negotiated

prices at the level of merged hospital systems. The analysis makes clear that the details

of how more uniform prices are implemented matter a great deal for whether or not prices

for stents would rise or fall. Two particularly important forces that play a role in all

cases are the effect of a move to more uniform prices on: (1) the intensity of competition,

and (2) whether buyers are able to negotiate, and if so, at what bargaining ability.

The effect of imposing uniform pricing on the intensity of competition is closely re-

lated to what the price discrimination literature calls “best-response symmetry/asymmetry”

(Corts 1998). If demand across hospitals for the different stents is symmetric in the sense

that all stents prefer to set a higher price to the same hospitals (e.g., because compared

to alternative treatments, these hospitals value all stents more than other hospitals),

then a move to uniform pricing will tend to intensify competition (Holmes 1989; Stole

2007). On the other hand, if demand across hospitals is asymmetric in the sense that

some hospitals prefer one stent while other hospitals prefer another (and thus different

stents want to set high prices in different hospitals), then a move to uniform pricing will

tend to soften competition as stent suppliers retreat to their more captive markets (Corts

1998). The results in this Section suggest that the market for coronary stents exhibits

more asymmetry that symmetry in demand across hospitals, leading to competition to

soften and—holding all else equal—making hospitals worse off under any policy that

imposes more uniform pricing.



softened competition, but has the opportunity to make up for this through increased

bargaining ability. Mergers introduce an interesting complementarity between bargain-





changes in stent prices, the effects on the total number of stentings and total welfare are



such a high bargaining ability speaks to how difficult it might be to obtain.

Figure 5: Competitive and bargaining effects. The vertical axis is the percent
change in hospital profits, and the horizontal axis is the bargaining ability of the hospital



ation of 0.16 and a lower mean of $1649 for the same stent in the same month. While

this evidence is not systematic, it does show that more centralization in purchasing is

not necessarily accompanied by enough bargaining ability to drive down prices relative

to a decentralized system. Similar evidence exists for the U.S. in the fact that hospital

group purchasing organizations (GPOs) play little to no meaningful role in the markets

for coronary stents and other “physician preference items” (Burns and Lee 2008). The

analysis here offers an explanation for this: GPOs are unable to achieve enough of an

increase in bargaining ability to overcome the competitive disadvantage created by ag-

gregating demand across hospitals with asymmetric demand. Thus GPOs are not able

to provide value when it comes to physician preference items, where different doctors

have brand loyalties to different manufacturers.

5.2 Hospital Mergers: Quantifying The Role of (A)symmetry

The results thus far are consistent with theory that predicts more asymmetry softens

competition under uniform pricing because manufacturers to retreat to their captive

markets. However, in real-world empirical settings, there is no such thing as complete

symmetry or asymmetry, only some measure of the extent of one versus the other. Bet-

ter understanding and quantifying this effect becomes especially important for thinking

about hospital mergers because mergers may vary in the extent to which the merging hos-

pitals exhibit (a)symmetry in their demand. This section develops a measure of demand

symmetry among a group of buyers and quantifies the role of more or less symmetry in

the context of hospital mergers into multi-hospital systems.

Of the 5,008 registered U.S. community hospitals, 2,921 are part of a multi-hospital

system, with an average of seven hospitals per system.20 The argument in favor of hos-

pital mergers into systems often includes arguments for reducing costs, but the evidence





predicts that a merger between hospitals with perfect asymmetry in demand would re-

sult in a 8.9% decrease in hospital profits. Hospital profits increase with symmetry at

a slope of 7.5, predicting that a merger between hospitals with perfect symmetry would

still result in a decrease of 1.4% in hospital profits. With an R2 of 0.06, the fitted line

provides a noisy prediction of merger outcomes, so for very high levels of symmetry, the

competitive effect is will often flip and work in favor of uniform pricing. Despite this

somewhat encouraging extrapolation, the data suggest that high levels of symmetry are

rare—across the 100 simulated hospital groups, the maximum symmetry measure is 0.59

(mean 0.31 and minimum 0.09). Thus for the highest symmetry actually observed, the

competitive effect still softens competition substantially, with a predicted decrease of

4.5% in hospital profits.

Turning to Panel (b)—the case where the merged hospitals have the maximum bar-





Taken together, these results suggest that moving towards more uniform pricing may

be a difficult and indirect route towards lowering the prices hospitals pay for physician

preference items such as coronary stents. This could be one reason why GPOs play such

a small role in contracting for physician preference items and why hospital mergers often

don’t seem to reduce costs. If the goal is to lower the costs of medical technologies,
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A Data Set Construction

The data set used in this paper is from Millennium Research Group’s Marketrack survey

of catheter labs, the source that major device manufacturers subscribe to for detailed

market research. The goal of the survey is to provide an accurate picture of market shares



in column two. Despite the fact that observations are missing whenever qjht = 0, there



A.1 Potential Sole-Sourcing and Exclusivity

Because the data is recorded for stents used by a given hospital in a given month, it does

not contain data on the set of stents available but not used. Further, the price data does

not include any information besides price, such as exclusivity arrangements. Despite the

fact that exclusive arrangements which impact prices paid are common in business-to-

business markets, including many medical supplies, my understanding from talking with

industry participants is that “exclusivity” did not play a major role in coronary stent

pricing during the time of this study (2004-07). However, because the model used in

this paper does not explicitly allow for strategic choices regarding “who contracts with

whom”, it is important to verify this omission empirically.

The analysis in this Section looks at the effects of exclusive (100% market share

among similar type stents) and near-exclusive (over 80%) situations on prices paid for

two stents: DES2 and BMS8.22 The results indicate that neither exclusive nor nearly

exclusive contracts seem to play a role in driving the observed price variation across

hospitals.

Tables 9 and 10 show the results of several regressions of price on dummy variables
























