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Abstract

Objective: To determine whether the variation in prices paid for cardiac medical

devices was associated with management practices in cardiac units.

Study setting: Cardiac units in US hospitals.

Study design: We regressed unit prices on management practice scores and other

hospital characteristics, with and without controls for device fixed effects, for the

11 top-spending cardiac device categories.

Data collection: A trusted third party that had entered into a confidentiality agree-

ment combined de-identified medical device price data for N = 213 US hospitals

from ECRI's Supply Guide benchmarking service, with survey responses regarding

management practices in those hospitals' cardiac units; the resulting merged data

were made available to researchers for analysis with hospital identifiers removed.

N = 1980 hospitals with interventional cardiac catheterization laboratories and at

least 25 annual acute myocardial infarction discharges in 2010 were eligible for inclu-

sion; N = 648 responded to the management practices survey; N = 213 subscribed

to Supply Guide and purchased at least one of 11 top cardiac medical device

categories.

Principal findings: Cardiac units with better management practices paid lower prices

for cardiac devices (percent decrease in price for one standard deviation increase in

management score = 1.33%, 95% confidence interval 0.99–1.67). This was compara-

ble in magnitude to the price decrease associated with a one standard deviation

increase in patient volume.

Conclusions: Better management practices were associated with lower device prices.

This relationship is robust, but modest in magnitude. This modest magnitude is simi-

lar, though, to other events expected to lower input prices, such as transparency in

the form of benchmarking information and hospital mergers.
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What is known on this topic

• Management practices that have been successful in the manufacturing and technology sec-

tors have been associated with improved quality, lower mortality, and greater market share

within hospitals.
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• Hospital supplies and devices account for a large share of hospital operating costs, and there

is wide variability in the prices that hospitals pay for these devices.

• Relatively little is known about the extent to which hospital management skill may be associ-

ated with the prices that hospitals pay for devices.

What this study adds

• This study finds that hospitals with better management practices paid lower prices for medi-

cal devices.

• The magnitude of the association was modest (e.g., a one standard deviation change in man-

agement score was associated with average savings of $61,000 per year) but robust across

multiple specifications.

• Well-managed hospitals may be able to control or reduce their internal costs more effectively

than poorly managed hospitals. Management-driven efforts to reduce expenditures may

serve as one part of a larger effort to control costs.

1 | INTRODUCTION

Hospitals vary widely in the prices they pay for the exact same

medical devices.1 Despite the fact that hospitals often rely on

group purchasing organizations (GPOs), third-party logistics ser-

vice providers, and consolidated service centers to achieve scale

economies and reduce complexity, hospital supply chains are typi-

cally characterized as fragmented and inefficient.2,3 This matters

for hospitals' bottom lines because hospital supplies and devices

account for 23% of hospital operating costs.4 In the long run,

these costs are passed on to patients through their relationship to

negotiated prices with private payers and the updating process

for payments from the Centers for Medicare and Medicaid

Services.5 For example, hospital supplies and devices accounted

for a quarter of the growth in inpatient hospital spending between

2001 and 2006.6

Better management practices and managerial skill have been

found to be associated with better quality outcomes in cardiac units7

and hospitals in general.8 They have also been associated with better

procurement outcomes9 and higher overall productivity10 in settings

outside of health care. Some of the deficiencies in hospital

purchasing—such as insufficient quantification of costs, inability to

standardize products, and diverging priorities of hospitals and

decision-making clinicians—could theoretically be addressed by

improved management practices.3,11 If better management practices

are associated with lower prices for the exact same hospital inputs,

that would offer one promising avenue for reducing healthcare costs

without sacrificing quality. Prior research suggests that hospital man-

agement practices can be improved through access to medically

focused managerial training.12

The goal of this study was to measure the relationship between

management practices and the prices paid for major cardiac device

categories. To accomplish this, we used rich survey data that assessed

and scored management practices in a large set of cardiac units and

linked those data to a unique dataset of medical device purchase

orders.

2 | METHODS

2.1 | Sample selection

We used de-identified purchase order data from a sample of US hos-

pitals that subscribed to the ECRI Supply Guide service 2010–2015

and participated in a survey of cardiac unit management practices in

2010. The purchase order data groups devices into categories using

ECRI's Universal Medical Device Nomenclature System (UMDNS)

codes. The UMDNS system is an international taxonomy system for

medical devices. For this study, we identified the top 50 device cate-

gories by spend in the purchase order data and restricted that sample

to devices used in cardiac catheterization, electrophysiology, and car-

diac rhythm management. This resulted in 11 device categories: pace-

makers cardiac implantable, prostheses cardiac valve biological,

catheters vascular angioplasty balloon, catheters vascular guiding,

leads implantable defibrillator/pacemaker, defibrillator/cardioverter/

pacemakers implantable, catheters cardiac mapping/ablation, defibril-

lator/cardioverter/pacemakers implantable resynchronization, stents

vascular coronary balloon-expandable drug-eluting, stents vascular

coronary balloon-expandable, and stent/grafts vascular aortic.

2.2 | ECRI supply guide data

ECRI, a nonprofit healthcare research organization, collects and orga-

nizes data on purchase orders made by over 1000 member hospitals

in the United States as part of its Supply Guide benchmarking service.

For each transaction during 2010–2015, the Supply Guide data con-

tain price, quantity, transaction month, vendor, manufacturer, and

manufacturer catalog number for the device purchased. The reported

data are of high quality because they are typically transmitted as a

direct extract from a hospital's materials management database.

Depending on hospital procedures, these prices may or may not be

inclusive of rebates or other nonlinear contracting features, but prior

work suggests that any such features have a small role in the types of
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physician preference item categories we study.1 Hospitals also have

strong incentives to report numbers relevant to their bottom line; analyt-

ics provided by the benchmarking service's web portal are based on data

submitted by the hospital and compared to others in the database.

2.3 | Management practices survey

We measure management using an approach developed by Bloom

and Van Reenen for manufacturing firms.10 These questions were

adapted for the cardiac setting, resulting in a structured interview that

queried hospital cardiac units on 18 management practices grouped

into four primary management dimensions: Lean management

(six practices), performance monitoring (five practices), targets (three

practices), and employee incentives/talent management (four prac-

tices). The Lean grouping measured the unit's approach to standardiz-

ing care, minimizing variations, and clearly communicating between

clinical and administrative personnel. The monitoring grouping focused

on tracking key performance indicators and the existence of systematic

processes for key activities, including purchasing. The targets grouping

evaluated the clarity and ambition of unit targets (e.g., was the unit

actively engaged in a drive toward a 0% bloodstream infection rate?).

The incentives grouping examined the unit's methods for engaging and

incentivizing employees. Units were scored between 1 and 5 on each

question, with a higher score indicating better performance. The survey

was conducted in 2010. Details of the survey approach and the method

for mitigating self-report bias have been described previously.7 The

study protocol was reviewed and approved by the institutional review

board of Oregon Health and Science University.

We converted the cardiac units' management scores from the orig-

inal scale ranging from 1 to 5, to z-scores (mean 0 and standard devia-

tion 1) for each of the 18 measured practices in order to standardize

scaling across questions (e.g., interviewers might consistently give a

higher score on Question 1 than on Question 2). We then compute the

mean score across the questions in each of the four dimensions (Lean,

monitoring, targets, incentives) to develop a dimension-specific score

for each hospital. Our main emphasis is on a composite score equaling

the mean across these dimension-specific scores for each hospital.

2.4 | Hospital characteristics

We used a trusted third party, who had entered into a confidentiality

agreement with ECRI, to link the management practice survey results

and American Hospital Association (AHA) survey variables summa-

rized in the paper to anonymous hospital identifiers that could then

be merged with the de-identified Supply Guide purchase order data.

All analyses were run on this de-identified data on a secure server,

and only aggregate statistics and regression coefficients were

extracted by researchers. As shown in Table 1, of the 1980 US hospi-

tals with interventional cardiac catheterization laboratories and at

least 25 annual acute myocardial infarction discharges in 2010,

648 responded to the management practices survey; 213 of those

hospitals, in turn, appeared in the Supply Guide purchasing database

with positive purchasing of any of the above cardiac device categories

during 2010–2015. Hospitals joined Supply Guide over time, so car-

diac device purchasing data were only observed for 111 hospitals in

2010, the year of the management practices survey. In our statistical

analyses, we focus on two samples. In some analyses, we present

results for 2010 only in order to focus on the association between

management practices and contemporaneous prices. In order to

increase our sample size and statistical power, we also present ana-

lyses for 2010–2015. Whether this longer time frame weakens or

strengthens the relationship between management practices and

prices depends on how much management changes over time, and on

the lag with which any changes in management impact prices.

The hospital characteristics in our analyses included several variables

from AHA survey data: the hospital's overall supply expense ratio as vali-

dated by Abdulsalam and Schneller,2 total hospital admissions, level of

technology adoption as quantified by number of technologies available

in the hospital (see Table 1 notes), an open heart surgery capability indi-

cator, a teaching status indicator, a nonprofit ownership indicator, pro-

portion of patients insured by Medicare, proportion of patients insured

by Medicaid, Census division indicators, an urban versus rural indicator,

an indicator for whether the hospital is part of a hospital system, and the

number of hospitals in that system. We followed Dynan, Bazzoli, Burns,

and Kuramoto14 in coding management services organizations, inte-

grated salary models, medical foundation models, and equity models, as

“high-integration” affiliations, and calculated a “Physician Integration”
measure as the sum of physicians reported as being in each of the high-

integration affiliations at each hospital, normalized by the total count of

physicians with privileges at the hospital. The AHA data also included

the identity of a GPO used by the hospital for purchasing, if any. Unfor-

tunately, we do not observe in our data whether a given price was nego-

tiated via a GPO, consolidated service center, or other intermediary, and

it bears noting that is relatively common for physician preference item

prices to be negotiated off contract.3,15 Finally, we used the merged, de-

identified AHA and Supply Guide data to calculate the total quantities

purchased from the focal vendor within the focal product category at

the hospital and system levels, and total expenditures with the focal ven-

dor across other product categories at the hospital and system levels.

2.5 | Statistical analysis

For each device category, we conducted regressions of the natural

logarithm of price paid on the overall hospital management practice

score. In all regressions, we control for indicator variables for interviewer,

interviewee job position (e.g., nurse manager vs. unit director), inter-

viewee location (e.g., intensive care unit vs. telemetry), and the duration,

day, and week of the interview. In order to explore potential mechanisms

and robustness, and to give context for magnitudes, we also considered

regressions with fixed effect indicator variables for each device catalog

number (to compare prices across hospitals within the exact same prod-

uct) and several hospital characteristics that might also impact device

prices. For analyses pooling 2010–2015, the catalog number fixed
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effects were interacted with year fixed effects in order to appropriately

compare hospitals purchasing the same product at different points in its

life cycle. Our control variables included all hospital characteristics noted

previously, as well as the total number of unique vendors from which the

hospital sourced its devices (as a proxy for device “standardization”). We

focus our discussion on a pooled regression across all device categories,

weighted by each category's overall spend, for 2010–2015. We also ran

the same regressions for 2010 only and separately by product category.

Standard errors were clustered at the hospital-medical device level to

allow for arbitrary correlations in unobservables across observations

within a hospital-medical device. All statistical analyses were performed

using Stata 16.1 (College Station, TX).

3 | RESULTS

3.1 | Sample descriptive statistics

Table 1 reports summary statistics as they are available for: all non-

federal US hospitals with cardiac care units, the subset of these

TABLE 1 Representativeness of analytic sample

Cardiac hospitals

Management

survey

Management and

purchase orders 2010–2015
Management and

purchase orders 2010

N hospitals 1980 648 213 111

Total management score 3.13 (0.53) 3.18 (0.51) 3.16 (0.50)

Lean score 3.27 (0.56) 3.30 (0.53) 3.27 (0.53)

Monitoring score 3.37 (0.70) 3.44 (0.66) 3.39 (0.68)

Target score 3.02 (0.87) 3.10 (0.86) 3.08 (0.81)

Talent score 2.67 (0.67) 2.72 (0.64) 2.75 (0.61)

Technology adoption score 2.92 (0.92) 3.25 (0.54) 3.38 (0.52)

Supply expense ratio 0.16 (0.12) 0.18 (0.12) 0.17 (0.10) 0.20 (0.14)

Supply expense ratio, missing 0.21 (0.40) 0.20 (0.40) 0.14 (0.35) 0.18 (0.38)

Total admissions 13,151 (10807) 17,066 (10831) 18,994 (10959) 19,804 (10950)

Technologies 67 (25) 77 (21) 85 (22) 86 (21)

Open heart surgery 0.07 (0.25) 0.10 (0.30) 0.12 (0.32) 0.11 (0.32)

Teaching 0.45 (0.50) 0.52 (0.50) 0.57 (0.50) 0.53 (0.50)

Nonprofit 0.73 (0.45) 0.75 (0.44) 0.81 (0.39) 0.82 (0.38)

Fraction Medicare 0.43 (0.16) 0.45 (0.09) 0.45 (0.10) 0.43 (0.10)

Fraction Medicaid 0.18 (0.12) 0.18 (0.08) 0.19 (0.09) 0.19 (0.08)

Urban 0.98 (0.15) 1.00 (0.06) 0.99 (0.08) 0.99 (0.09)

System member 0.71 (0.45) 0.64 (0.48) 0.55 (0.50) 0.53 (0.50)

N hospitals in system 24 (43) 24 (44) 6 (14) 8 (21)

Physician integration 0.44 (4.88) 0.25 (2.02) 0.2 (0.67) 0.22 (0.80)

Physician integration, missing 0.03 (0.17) 0.08 (0.26) 0.05 (0.22) 0.03 (0.18)

Reports GPO 0.89 (0.31) 0.89 (0.31) 0.90 (0.30) 0.92 (0.28)

Quantity purchased, hospital 353 (1099) 660 (2653)

Quantity purchased, system 428 (1314) 738 (2855)

Spend on other categories ($), hospital 1,539,336 (1,844,649) 1,481,796 (1,662,387)

Spend on other categories ($), system 2,056,025 (2,545,463) 1,953,576 (2,601,910)

Total spend ($) 4,552,323 (4,413,913) 4,660,369 (4,629,606)

N vendors 4.31 (3.41) 3.36 (2.37)

Note: Author's calculations using merged, de-identified American Hospital Association (AHA), Management Survey, and Supply Guide data. Each set of

rows summarizes the counts and characteristics of hospitals in the data for various sample restrictions. Row 1 characterizes the 1980 hospitals in the AHA

data with interventional cardiac catheterization laboratories and at least 25 heart attack discharges in 2010. Row 2 characterizes the subset of those

hospitals (N = 648) that answered the management practices survey. Row 3 characterizes the subset of hospitals from row 2 matched to the Supply Guide

transactions data (N = 213). Row 4 characterizes the subset of hospitals from row 3 that had Supply Guide transactions in 2010 (N = 111). Data on

technologies, teaching status, admissions, nonprofit status, and Medicare and Medicaid shares come from the AHA Annual Survey for 2010. Following

Acemoglu and Finkelstein13 and Cooper et al.,5 we measure technologies using the complete list of binary facility indicators available in the AHA.

Management practice scores are simple sums of group-specific and overall scores from the management practices survey. N vendors is the count of unique

vendors purchased from for the average top cardiac category-hospital in 2010–2015 (column 3) or 2010 only (column 4), and $ spend is the average total

spend per hospital across all top cardiac categories in 2010–2015 (column 3) or 2010 only (column 4), both from the Supply Guide data.
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hospitals that completed the management practices survey, and the sub-

set of these that were linked to the Supply Guide purchasing data. We

identified 213 hospitals that were included in both the purchase order and

management survey data. This represented 12% of 1980 total nonfederal

US hospitals with cardiac care units. Hospitals in our sample had a mean

supply expense ratio of 0.17 (standard deviation 0.10), admitted a mean

of 18,994 total patients (standard deviation 10,959), and used a mean of

85 different technologies (standard deviation 22) in comparison with the

sample of all cardiac care unit hospitals, which had a mean supply expense

ratio of 0.16 (standard deviation 0.12), admitted a mean of 13,151 total

patients (standard deviation 10,807), and used a mean of 67 different

technologies (standard deviation 25). Approximately 57% of the hospitals

in our sample were teaching hospitals and 81% were nonprofit, in compar-

ison with 45% teaching and 73% nonprofit among all cardiac care unit

hospitals. Our sample had a mean patient payer mix of 19% Medicaid and

45% Medicare, compared to all cardiac care unit hospitals at 18% Medic-

aid and 43% Medicare; 55% of hospitals in our sample were members of

hospital systems with a mean system size of six hospitals, compared to

71% and 24 for all cardiac care unit hospitals. Finally, the mean hospital in

our sample had a ratio of highly integrated physicians to privileged physi-

cians of 0.20, compared to 0.44 for all cardiac care unit hospitals.

Put succinctly, hospitals that answered the management practices

survey were larger and more “high-tech” than the average hospital with

a cardiac unit, and hospitals appearing in the Supply Guide data were

even larger and more high-tech, but less likely to be part of a large hospi-

tal system with highly integrated physicians.

3.2 | Device purchase order descriptive statistics

The 213 hospitals with purchase order data spent a mean of $4.6 mil-

lion (standard deviation $4.4 million) annually on the 11 cardiac device

categories we considered. As illustrated in Figure 1, average prices

that hospitals paid in a given device category varied across devices

and hospitals, with coefficients of variation (the ratios of the standard

deviations to the means) ranging from 0.03 (drug-eluting stents) to

1.21 (guiding catheters). These means are greatly driven by variation

in prices across devices within hospitals, with a coefficient of variation

of 0.29 for the average category. However, there was also substantial

variation across hospitals, within devices: after conditioning on prod-

uct fixed effects, the coefficient of variation ranged from 0.04 (aortic

stents) to 0.11 (angioplasty catheters). Our data included device

categories with a wide range of unit prices, from fairly inexpensive

guiding catheters ($82 mean price per unit) to very expensive

resynchronization defibrillators ($21,247 mean price per unit).

3.3 | Management practice descriptive statistics

Among our sample hospitals, the average management score was

3.18, compared to an average score of 3.13 in the full management

survey sample. However, there was a wide distribution in manage-

ment practices, with a standard deviation of 0.51 in our sample and

0.53 in the full sample.
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3.4 | Relationship between device prices,
management practices, and other hospital
characteristics

Table 2 reports the results of our regression of log prices on manage-

ment practices and various controls, for 2010–2015 and all cardiac

device categories pooled. In the regression with all possible hospitals

and controls included (column 3), a one standard deviation change in

management score was associated with 1.33% lower cardiac medical

device prices (95% confidence interval [CI] 0.99–1.67). This price dif-

ferential was about three to four times the differential observed

between higher and lower volume hospitals. For example, in the same

regression, a one standard deviation increase in the number of

patients admitted was associated with a 0.34% decrease in price. This

result was robust to dropping all hospital control variables (column 2)

or limiting the sample to device transactions in 2010 only (column 4).

The coefficient on management practices without hospital control

variables or product-year fixed effects (column 1) was �0.06, consis-

tent with better management practices being associated with pur-

chasing lower priced devices, in addition to achieving lower prices

than other hospitals for the same devices.

At the mean hospital spend in our data, a 1.33% price decrease

across all devices would translate into savings of $61,000 annually. At

a larger hospital with spending one standard deviation above the

mean, the savings would be $120,000 annually.

Figure 2 plots the coefficients (point estimates and 95% confi-

dence intervals) on management scores obtained by running the same

regression for 2010–2015 and with the full set of controls for each

category separately. The price difference associated with better man-

agement scores varied across the device categories we considered.

The coefficients were negative and significant for 7 of 11 device cate-

gories, close to zero and insignificant for three categories, and positive

and significant for one category. The minimum coefficient indicated a

price decrease of 1.68% (implantable defibrillators); the maximum

coefficient indicated a price increase of 0.44% (cardiac valve

prostheses).

In Table 2, column 5, we replaced the composite management

practices score in the regression in column 3 with each of the four dis-

aggregate primary management practice dimensions: Lean manage-

ment, performance monitoring, targets, and employee incentives/

talent management. A one standard deviation change in each primary

management score dimension was associated with 1.37% lower car-

diac medical device prices for the Lean grouping (95% CI [0.88–1.86]);

0.91% higher cardiac medical device prices for the monitoring group-

ing (95% CI [0.49–1.33]); 0.75% lower cardiac medical device prices

for the target grouping (95% CI [0.46–1.03]); and 0.85% lower cardiac

medical device prices for the talent grouping (95% CI [0.52–1.18]).

The only control variable that we estimated to be associated with

similar savings to management practices and equally robust across

regression specifications was quantity of the same device purchased
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F IGURE 2 Associations between management score and medical device prices, by category. Author's calculations using merged, de-identified
American Hospital Association (AHA), Management Survey, and Supply Guide data. Point estimates and 95% confidence interval (based on robust
standard errors clustered at the hospital-product level) for the relationship between average unit price and aggregate hospital management
practice score, as well as other characteristics, within each top cardiac device category. Top cardiac device categories are ordered from left to
right in the ascending order of point estimates: catheters vascular angioplasty balloon, defibrillator/cardioverter/pacemakers implantable,
pacemakers cardiac implantable, stents vascular coronary balloon-expandable drug-eluting, catheters vascular guiding, stent/grafts vascular aortic,
stents vascular coronary balloon-expandable, leads implantable defibrillator/pacemaker, defibrillator/cardioverter/pacemakers implantable
resynchronization, catheters cardiac mapping/ablation, and prostheses cardiac valve biological. Each regression sample is at the hospital-month-
catalog number level. Specification controls for category-catalog number-year fixed effects, Census division fixed effects, and hospital
characteristics of interest from columns 3 and 4 of Table 2. Sample includes all hospital-years 2010–2015 [Color figure can be viewed at
wileyonlinelibrary.com]
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from the same vendor at the same hospital system. A one standard

deviation increase in the log of this quantity measure was associated

with 2.40% lower cardiac medical device prices (95% CI [2.00–2.80])

in column 3. This coefficient should be interpreted with care, how-

ever, because it may capture a combination of quantity discounting

and/or physician reluctance to use more expensive devices

(i.e., downward sloping demand). The small coefficient on hospitals'

overall supply expense ratio, and the limited impact of controlling for

supply expense ratio on the estimated relationship between manage-

ment practices and cardiac device prices, suggests that conditional on

all other controls, the factors governing the relationship between car-

diac management practices and cardiac medical device prices are

somewhat independent of the factors governing the relationship

between cardiac management practices and overall supply expense.

4 | DISCUSSION

This article linked data on device purchase orders, hospital character-

istics, and survey data on management practices in cardiac units and

assessed the relationship between management and prices paid for

medical devices. We found that hospitals with higher management

scores paid lower prices for cardiac devices. The association was mod-

est but robust. At the average size hospital in our sample, a one stan-

dard deviation higher management practice score would be

associated with $61,000 less spending on the device categories we

study.

The connection between lower prices and higher management

scores may reflect a variety of management attributes. The aggregate

management score may reflect exposure to managerial training, which

may extend beyond Lean and talent management to include skills in

negotiation, bargaining, or cost control. Interestingly, when we dis-

aggregated the composite management score into its four primary

dimensions, we found that the overall relationship between better

management practices and lower device prices was made up roughly

in equal parts by Lean management, target setting, and talent manage-

ment. Better performance monitoring processes, which focused

directly on strategies for collecting and tracking key performance indi-

cators such as cost, were actually correlated with slightly higher input

prices. These results should be interpreted with caution given that the

data generating process is observational and not experimental. How-

ever, they are at least consistent with it being important for hospitals

to hire the right talent, set their target goals appropriately, and facili-

tate communication among clinical and nonclinical stakeholders. Mon-

itoring processes may either interfere with activities that reduce

supply costs or perhaps be undertaken by hospitals that struggle with

negotiating device prices for other reasons.

4.1 | Comparison with prior findings

Our findings are consistent with other studies of management prac-

tices. McConnell et al. found that management practices were

correlated with lower mortality,7 better patient satisfaction, and more

admissions for acute myocardial infarction.16 Tsai and colleagues

found that higher-rated hospital boards (measured by their attention

to clinical quality) were more likely to have high management scores,

suggesting that board priorities may have translated to managerial skill

within cardiac units.17 Hospitals' management practices also appear to

be correlated with their proximity to business schools.12 Although the

effects are often modest, they are consistent across a variety of mea-

sures and studies. The management score may be noisy, but appears

to measure some component of managerial skill that is correlated with

patient outcomes and hospital performance. In our study, the correla-

tion extends to device purchasing.

Our findings are also consistent with other studies of device pur-

chasing, which have in general found modest associations between

other mechanisms and device prices. Grennan and Swanson found

that transparency in the form of access to benchmarking information

was associated with an average 1.3% price decrease in coronary

stents.1 Craig and colleagues found that hospital mergers were associ-

ated with 0.5% price decreases on average across a large number of

device categories.4 Despite the apparent potential for lower device

costs indicated by the large price variation across hospitals, our study

echoes these in finding that any single mechanism seems to be associ-

ated with modest savings. This makes it all the more important to con-

tinue research on the many factors that could each chip away at the

large potential savings in hospital purchasing.

Finally, our article complements a rich literature on the widely-

noted inefficiencies in supply chain and operations management in

healthcare systems, which analyze variation in hospital supply

expenses2 and other measures of operational efficiency, and the poten-

tial for a variety of organizational and strategic interventions to yield

improvements. These interventions include the use of consolidated ser-

vice centers,3 GPOs,18 hospital purchasing alliances,19 physician

integration,20,21 and product standardization,11 to name just a few.

Many of these interventions are at least partially correlated with the

management practices that are the focus of this study, although our

results are robust to the inclusion of controls for their use, where avail-

able. Our article contributes to this literature by analyzing novel data on

management practices in cardiac units, and by focusing on a dependent

variable capturing the performance of those units (negotiated prices

within narrowly defined products). This allows us to isolate the associa-

tion between management practices and performance, removing con-

cerns that variation in supply costs vary with the quantity or quality of

products purchased, or with the case mix of patients treated.2

4.2 | Relevance for hospital management and
policy making

Our findings suggest that well-managed hospitals may be able to con-

trol or reduce their internal costs more effectively than poor-managed

hospitals. This, in turn, suggests that it may be profitable for hospitals

to invest in improving management practices. Several prior experi-

mental and quasi-experimental studies have found large causal effects

8 GRENNAN ET AL.Health Services Research



of management practices assistance on manufacturing firm

productivity,22–24 and this strikes us as an important open area for

future research in the hospital setting. Although our study suggests

the effects may be modest, they are not trivial, and management-

driven efforts to reduce expenditures may serve as one part of larger

effort to control costs. Cooper and Scott Morton25 suggest that tack-

ling healthcare spending may be best accomplished through a series

of discrete incremental actions, which address what they call “one
percent problems.” They outline efforts that focus on eliminating nar-

row inefficiencies in the health system, such as expanding preferred

pharmacy networks26 or decreasing cost barriers for living kidney

donations.27 Although each measure may have a small effect, they

add up to substantial reductions. To the extent that our findings of

savings in devices extend to broader hospital savings, management

practices may be one more incremental mechanism to address costs.

Our findings may also have salience in states and regions where

hospitals face greater scrutiny to control costs. A combination of mar-

ket power and fee-for-service arrangements may have blunted hospi-

tals' incentives to reduce spending growth. Efforts to grow or sustain

margins by expanding revenues may have been easier than efforts to

reduce a hospital's internal costs while holding revenue constant.

However, a variety of policies and payment reforms may cap revenue

growth, creating greater incentives for hospitals to preserve margins

by addressing their expenses. In 2012, Massachusetts initiated a

Health Care Cost Growth Benchmark, aiming to hold total state

spending to a rate of 3.6% or lower, with other states, including Dela-

ware, Rhode Island, and Oregon following suit.

4.3 | Limitations

The study was limited to hospitals that responded to a management

practices survey and subscribed to the Supply Guide benchmarking

service, and it is possible that these hospitals may differ from the

average hospital with cardiac services in observable (e.g., they were

slightly larger and used more technologies) and unobservable ways.

However, the distribution of management scores was not statisti-

cally different among hospitals with and without purchase order

data. It is not clear what implications any differences might have

for the association between management practices and medical

device prices. We studied 11 cardiac device categories where hos-

pitals spend the most, and relationships may also differ for lower

spend cardiac devices or for device categories outside of cardiol-

ogy. We analyzed management practices survey data from 2010

and medical device price data from 2010 to 2015 because more

recent data on hospital management practices do not exist. Finally,

this cross-sectional study can only be taken as suggestive evidence

of a potential causal effect of management practices on medical

device prices. While our analysis controls for a number of poten-

tially important determinants of prices, there may be unobserved

factors that impact performance in hospital purchasing that are also

correlated with management practices.

4.4 | Summary

For a sample of 213 US hospitals with detailed data available on man-

agement practices and medical device purchase orders, we found that

better management practices were associated with lower device

prices. Given the substantial level and growth in hospital spending on

such devices, even the modest relationship we document could point

to one useful tool for decreasing the cost of care associated with the

use of medical technology.
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