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OBJECTIVES
• The objectives of this study were to assess the relative efficiency of U.S. freestanding dialysis centers and the impact of anemia drug choice on efficiency.

METHODS
Study Setting and Design

• A cross-sectional retrospective analysis of 4,343 free-standing dialysis facilities in
the U.S. that offered in-center hemodialysis in 2010, using data envelopment
analysis (DEA) to estimate facility technical efficiency.

Data Sources

• Treatment data and cost and labor inputs of dialysis treatments were obtained from
2010 Medicare Renal Cost Reports. Demographic data were obtained from the
2010 U.S. Census.

DEA Model

• DEA uses a linear programming technique that converts multiple inputs (eg, costs,
staffing levels) that a dialysis facility uses to produce an output (eg, dialysis sessions)
to a relative efficiency score between 0 and 1, where scores are proportional to the
efficiency frontier (score of 1.0).
• Following Ozgen and Ozcan2 we used an input-oriented variable-returns-to-scale
(VRS) DEA model that can be expressed as:
Subject to:

where Eo denotes the efficiency score for each facility in the set of o = 1,…, s
facilities; yro the selected output “r” produced by each facility in the set “o”, xio the
selected input “i” used by each facility in the set “o”; yrj the selected output “r”
produced by facility “j”; and xij the selected input “i” used by facility “j”. In this
formulation, ur and vi are the weights assigned respectively to output “r” and input
“i”, both obtained from DEA. The constant is represented by co.

Regression Analysis

• A second-stage statistical analysis was conducted to identify factors that were
associated with efficiency in the production of dialysis treatments.
• A multinomial ordered logit regression model was used with categories of the DEA
efficiency scores as the dependent variable.
• Independent variables included general socio-demographic population characteristics
of race, age, education, ethnicity, income, geographic region, and location, as well as
facility organizational and market share characteristics.

Simulation

• An area that dialysis center clinicians are seeking opportunities for cost savings
without compromising quality is through the implementation of alternative anemia
drug therapies. Therefore a second DEA model was run to simulate the reduced
nursing full-time equivalent (FTE) and supply costs that could be theoretically achieved
by switching to once-monthly dosing of anemia drugs versus the standard thrice-weekly
dosing. Simulated reductions in labor and cost inputs were based on Schiller et al3 who
estimated that switching to a once-monthly dose would save 3.23 minutes of staff time
and $1.035 in supply costs per treatment, relative to thrice-weekly dosing. The baseline
DEA inputs for nursing labor and supply costs were reduced by these estimates for
each unit of output in our model. Price parity was assumed between the drugs.
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Dialysis Facility Characteristics

Multinomial Logit Analysis

Simulation: Reduced Drug Administration Costs

• The 2010 Renal Cost Reports database included 4,870 free-standing hemodialysis
facilities, of which 527 were excluded due to missing data or cost outliers. The final
study cohort included 4,343 facilities.
• The US dialysis market in 2010 was dominated by the two largest chains, which
owned 78% of all free-standing dialysis facilities. Nearly 93% of all free-standing
facilities were for-profit, and 76% were located in urban areas. Nearly half of all
facilities were located in the South census region. The mean number of annual
treatments (4-hour hemodialysis session equivalents) was 11,444 (Table 1).

• The regression model was specified so that the baseline facility was a for-profit,
large dialysis organization–affiliated, urban dialysis clinic in the South, and results
relate to deviations from that baseline. The dependent variable was categories of
the efficiency scores obtained from the DEA model. All of the variables indicating
region, dialysis organization size, and urban location showed statistical significance
at the 0.01 level (Table 2). Being located in the Northeast and West regions had a
strong negative effect on efficiency, while being affiliated with smaller dialysis
organizations and/or being located in rural and suburban areas had a strong
positive effect on efficiency.

• Figure 2 shows the distribution of raw efficiency scores from the simulation
associated with reduced costs due to less frequent anemia drug dosing,
side-by-side with the distribution of scores from the baseline model. The average
percentage reduction in nursing FTEs in the simulation was 6% and the average
reduction in supply costs was 4%. The distributions from the two models were
almost identical, indicating that if a change to less frequent dosing were
implemented across all U.S. free-standing dialysis facilities, the overall relative
efficiency of these facilities would not change notably.

Table 2. Regression Results

• This study presents evidence of the importance of a number of factors for
influencing relative efficiencies of dialysis centers in the U.S. Characteristics such
as region, dialysis organization size, and urban versus rural location are generally
significant in determining whether a facility operates efficiently or not.
• The data from this study indicate that most socio-demographic characteristics of the
markets in which dialysis facilities operate do not affect their technical efficiency in
any significant way.
• In this study, the simulated effects of a change in anemia management to a less
frequently dosed anemia drug on staffing and supply costs had virtually no effect on
overall dialysis center efficiency. This makes sense considering that in this study
anemia management staff time was less than 3% of total staff time and anemia
treatment-related supply costs were less than 1% of total non-labor costs.

Data Envelopment Analysis
• The distribution of raw efficiency scores from the baseline DEA model is roughly
bi-modal, with 26.6% of facilities on the efficiency frontier (score = 1.0) and 21.8%
with scores of 0.60 to less than 0.70 (Figure 1). Very few facilities (0.5%) scored
below 0.40.

Table 1. Characteristics of Free-Standing Dialysis Facilities
Number
(N = 4,343)

Variable
Annual 4-Hour Hemodialysis Equivalent Sessions
Market Competition
Hirschman–Herfindahl Index
Facility Characteristics
Not Affiliated (Independent)
Affiliated With Small Chain
Affiliated With Mid-Sized Chain
Affiliated With Large Chain
For-Profit
Non-Profit
Northeast Region
Midwest Region
South Region
West Region
Rural
Suburban
Urban

Mean / %
11,444

4,343

0.53

331
247
378
3,387
4,030
313
555
936
2,059
793
422
643
3,278

7.6%
5.7%
8.7%
78.0%
92.8%
7.2%
12.8%
21.6%
47.4%
18.3%
9.7%
14.8%
75.5%

Figure 1. Relative Efficiency Score Distribution: Baseline (Model 1)
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• The DEA technique does not impose an error term in the efficiency model, and
observed inefficiency may be due to measurement errors, such as unobserved
variables, or the output measure(s) may be under-identified.
• Additional limitations of this study were the absence of measures to adjust for
variability in patient case mix across facilities, and the possibility of selection bias
due to the fact that some facilities were excluded because of missing data.
• Finally, estimated savings related to less frequent drug dosing were based on
theoretical estimates, which may or may not reflect any actual savings.

CONCLUSION
• The majority of free-standing dialysis facilities in the U.S. could reap additional
efficiencies.
• Cost and labor savings due to changes in anemia management protocols would
have little effect on overall efficiency.
• As new payment systems increasingly utilize capitation and bundling, healthcare
institutions will need to evaluate their efficiency in order to remain competitive.
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Figure 2. Relative Efficiency Score Distribution: Baseline (Model 1)
vs Simulation (Model 2)
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• The Centers for Medicare and Medicaid Services (CMS) have announced plans to
include efficiency measures in the End-stage Renal Disease Quality Incentive Program.1
• Declining payments have encouraged dialysis providers to cut costs, but the current
challenge is to produce an ever higher quality of care while minimizing costs.
• Few studies have analyzed U.S. dialysis center efficiency, despite ongoing payment
incentives to deliver high quality dialysis more cost effectively.
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