UC Irvine
UC Irvine Previously Published Works

Title

Ownership Patterns of Dialysis Units and Peritoneal Dialysis in the United States:
Utilization and Outcomes

Permalink
https://escholarship.org/uc/item/5tq8409N
Journal

American Journal of Kidney Diseases, 54(2)

ISSN
0272-6386

Authors

Mehrotra, Rajnish
Khawar, Osman
Duong, Uyen

Publication Date
2009-08-01

DOI
10.1053/j.ajkd.2009.01.262

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,

availalbe at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5tg8409h
https://escholarship.org/uc/item/5tg8409h#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

Dialysis

Ownership Patterns of Dialysis Units and Peritoneal Dialysis in the

United States: Utilization and Outcomes

Rajnish Mehrotra, MBBS, MD,"? Osman Khawar, MD, MPH,"-? Uyen Duong, MD, MPH,?

Linda Fried, MD, MPH,® Keith Norris, MD,?# Allen Nissenson, MD,? and
Kamyar Kalantar-Zadeh, MD, PhD'?

Background: Peritoneal dialysis (PD) provides outcomes similar to hemodialysis, but its use has
decreased in the United States despite its potential for substantial taxpayer savings. We undertook this
study to determine the relationship between dialysis unit ownership with PD use and outcomes.

Study Design: Observational study.

Setting & Participants: All incident dialysis patients (1996 to 2004) from the US Renal Data System.

Predictor: Large dialysis organization (LDO), defined as corporations owning 20 or more freestand-
ing dialysis units located in more than 1 state.

Outcomes & Measurements: Odds for an incident dialysis patient undergoing PD and hazards for
death on follow-up in incident PD patients for each of the 5 LDOs (non-LDO as reference).

Results: During the 9-year period, 785,531 patients started maintenance dialysis therapy; the
proportion receiving care in LDOs increased from 39% to 63%. There were consistent differences in PD
use. It was significantly lower in LDO 2 (adjusted odds ratio [OR], 0.66; 95% confidence interval [Cl],
0.64 t0 0.68), LDO 3 (OR, 0.82; 95% Cl, 0.80 to 0.85), and LDO 4 (OR, 0.96; 95% Cl, 0.92 to 0.995) and
higher in LDO 1 (adjusted OR, 1.06; 95% CI, 1.02to 1.11) and LDO 5 (adjusted OR, 1.09; 95% ClI, 1.06
to 1.12). Between 2000 and 2004, LDO 2 had the least use and greatest risk of death (hazard ratio, 1.08;
95% Cl, 1.02to 1.14); LDO 1 had greater use and the lowest death risk (hazard ratio, 0.87; 95% Cl, 0.78
t0 0.96).

Limitations: Only cross-sectional associations can be described.

Conclusions: Three of the 5 LDOs had consistently lower PD use. Patients treated in the LDO with
the lowest use of PD had the greatest risk of death. Understanding relationships among providers,
physicians, and dialysis modality use may help devise strategies for increasing PD use in appropriate
patients. This has the potential to reduce the cost of renal replacement therapy and further improve
outcomes.

Am J Kidney Dis 54:289-298. © 2009 by the National Kidney Foundation, Inc.

INDEX WORDS: Peritoneal dialysis; hemodialysis; end-stage renal disease; modality selection; mortal-
ity; technique failure; leading dialysis organizations; chains.

Editorial, p. 194

In 2005, there were 341,319 patients with

end-stage renal disease (ESRD) in the United
States undergoing maintenance dialysis therapy.
The entire ESRD program has an annual cost of
$32 billion." Although patients with ESRD ac-
counted for 1.2% of the Medicare population,
they represented 8.2% of expenses for the
agency.' By 2020, the number of maintenance
dialysis patients is projected to exceed 500,000
and thus the costs of ESRD therapy are expected
to increase substantially." With increasing con-
straints of the federal and state health care bud-
gets, it would be reasonable to suggest that use of
dialysis therapy modalities that decrease overall
costs without compromising patient outcomes
should be encouraged.

Of the different dialysis modalities, home di-
alysis is associated with the lowest costs.” Even
after accounting for younger age, lower burden
of other associated diseases, and greater probabil-
ity of switching dialysis modalities, average ad-
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justed per-patient annual Medicare payments for
peritoneal dialysis (PD; the dominant form of
home dialysis) are significantly lower than for
in-center maintenance hemodialysis (MHD).?
Most patients do not have medical or social
contraindications to dialyze at home.* However,
in 2005, only 6.6% of incident patients with
ESRD were treated with PD." The vast majority
of incident patients with ESRD report in surveys
that PD is not offered to them as a treatment
modality.” What is more concerning is that PD
use has decreased substantially since 1996. Re-
cent analyses also suggest that the decreases in
PD use cannot be explained by such medical
causes as increasing age, disease burden, or body
size.® During the period that PD use has de-
creased, ownership patterns of dialysis units have
changed dramatically, such that now most pa-
tients with ESRD receive their care in outpatient
facilities owned by large dialysis organizations
(LDOs). We undertook this study to test the
hypothesis that there are consistent differences in
PD use among different LDOs that cannot be
explained by differences in patient characteris-
tics. We also sought to test the null hypothesis
that there was no relationship between unit own-
ership and outcomes of PD patients.

METHODS

Data Source

The study protocol was reviewed and approved as exempt
by the Institutional Review Board at Los Angeles Biomedi-
cal Research Center (Torrance, CA). Data for all incident
patients during the 9-year period 1996 through 2004 were
obtained from the Patient and MEDEVID files of the US
Renal Data System (USRDS). Data were linked to the
RXHIST®60 file to assign treatment modality. Data also were
linked to the Facility File to identify LDO affiliation, if any.

Definitions

According to convention, the dialysis modality 90 days
after the first service date and continuous treatment for at
least 60 days (60-day rule) was considered to be the initial
modality.! Similarly, unit affiliation was defined as the
dialysis facility at which the patient was being treated on day
90 of ESRD. Organizations were defined as LDOs by using
the USRDS definition of corporations owning 20 or more
freestanding dialysis units located in more than 1 state.' The
following 10 affiliations were identified during the study
period; none, DaVita, Dialysis Clinics Inc, Everest, Frese-
nius, Gambro, National, Renal Care Group, Renal Treatment
Centers, and Vivra. Four LDOs existed for only part of the
study period (Everest, National, Renal Treatment Centers,
and Vivra) and accounted for only 20,889 (2.7%) incident
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patients during 9 years. Thus, although each of the 9 LDOs
was included in the multivariable models, presentation of
results here is limited to 5 LDO providers and the non-LDO
group. LDOs in this report were assigned random codes
from LDO 1 through LDO 5. The presence/absence of
various coexisting illnesses was determined from Medical
Evidence Form 2728. The number of patients undergoing
PD in the dialysis unit on December 31 of the calendar year
of incidence of ESRD was defined as the PD census for the
unit for the patient. To create categorical variables, data for
census for all units with at least 1 PD patient on December
31, 2000, were divided into quartiles: fewer than 5, 5 to 10,
11 to 21, and more than 21 patients. These categories were
used to define the PD census for the unit for the entire study
period considered for survival analyses (2000 to 2004).

Statistical Analyses

Continuous data are expressed as mean *= SD, and cat-
egorical data, as percentages. Complete data were available
for each covariate for at least 95% of the study population,
except for serum albumin level (missing 26%) and hemoglo-
bin level (missing 12%). Individuals with missing serum
albumin values had a lower prevalence of each selected
comorbid condition listed in Table 1 and were less likely to
be treated with PD (PD use during 9-year study period, 8.0%
versus 9.2% with albumin values available). Individuals
with missing hemoglobin values had a slightly lower preva-
lence of each selected comorbid condition and risk factor
listed in Table 1, but starting with 1998, were more likely to
be undergoing PD on day 90 compared with individuals for
whom the hemoglobin value was available.

In our previous studies using USRDS data, limiting analy-
ses to only patients with complete data available did not
materially change hazard ratios (HRs).® To use the data for
all incident patients, missing covariate data were imputed by
using the mean or median of the existing values, as appropri-
ate. PD use was determined by the proportion of incident
maintenance dialysis patients undergoing treatment with PD
on day 90 of ESRD. Adjusted odds ratios (ORs) for PD use
by unit ownership were calculated for each of the 9 incident
cohorts and for the entire 9-year period by using logistic
regression analysis. For these analyses, dummy variables
were created for each of the 9 LDOs and entered into the
model, with non-LDO units as the reference group. The
other variables included in the models were age, sex, race,
ethnicity, employment status, insurance, each of the 20
reported coexisting illnesses, body mass index, geographic
location (18 ESRD networks), and laboratory data (hemoglo-
bin, serum albumin, and estimated glomerular filtration
rate). For the analysis using data for the entire 9-year period,
incidence years were entered as additional covariates. The
ORs for PD use in LDOs were similar regardless of whether
laboratory variables were entered into the multivariate mod-
els; only the fully adjusted models are presented here.

Two different time-to-event analyses were performed us-
ing Cox proportional hazards models. In analyses of time to
death, individuals were censored at the time of transplanta-
tion, transfer to MHD therapy or to a unit with a different
affiliation, or last follow-up (September 27, 2006). In analy-
ses of time to composite outcome of death or transfer to
MHD therapy, participants were censored at the time of
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Table 1. Characteristics of 764,642 Incident Dialysis Patients Between 1996 and 2004 Based on Dialysis
Unit Ownership

Non-LDO LDO 1 LDO 2 LDO 3 LDO 4 LDO 5
Age (y) 62.0 + 154 60.7 =155 61.7*+152 615*=155 62.0+ 153 61.5+154
Men (%) 54 53 52 47 52 53
Race (%)
White 67 63 64 62 67 60
African American 26 33 31 28 28 35
Asian 4 2 2 6 1 4
Other 3 2 2 4 3 2
Hispanic ethnicity (%) 11 5 14 18 11 11
Employment status (%)
Unemployed 20 17 18 25 18 25
Employed 10 10 11 11 10 10
Homemaker 5 6 6 5 5 4
Retired 60 62 62 55 64 58
Other/unspecified 5 5 3 4 4 3
Insurance coverage (%)
Medicare, primary or secondary 55 57 55 50 57 52
Medicaid 24 25 25 27 25 27
Employer group 22 22 26 24 22 24
Department of Veterans Affairs 1 1 1 1 1 1
Other 34 32 30 32 34 30
None 7 8 7 8 7 9
Primary cause of ESRD (%)
Diabetes 44 45 46 46 46 45
Hypertension 26 25 29 28 28 30
Others 30 30 25 26 26 26
Selected coexisting conditions or risk
factors (%)
Congestive heart failure 33 31 32 30 31 32
Ischemic heart disease 27 25 23 21 24 23
Myocardial infarction 10 10 8 7 8 8
Tobacco use (current smoker) 5 8 5 5 5 5
Inability to ambulate 5 5 4 4 3 4
Inability to transfer 2 2 1 1 1 1
Weight (kg) 743 +20.3 755*212 757*+204 746+204 775+21.0 75.0=*20.3
Body mass index (kg/m?) 26.7+70 270x72 273*x74 270*x70 276*73 268=*7.0
Predialysis erythropoietin use (%) 29 32 30 29 29 28
Hemoglobin (g/dL) 9.8+1.8 98+1.8 9.8+ 1.8 99+1.8 99+18 9.8+17
Serum albumin (g/dL) 3.1 0.7 3.1*+0.7 3.1+07 3.1 07 3.2=*0.7 3.1+07
Serum creatinine (mg/dL) 76 =37 7.5+ 3.6 75+37 7.3+ 3.6 6.9+ 3.5 7.5+37
Glomerular filtration rate
(mL/min/1.73 m?) 9.0*+44 9.0 £43 9.0+44 9.3*45 9.7 46 92+45
Patients undergoing PD on day
90 (%)
1996 15 19 10 11 9 21
1997 14 15 9 11 12 12
1998 12 15 8 9 10 10
1999 11 13 7 8 10 11
2000 10 11 7 8 11 11
2001 9 10 8 9 11 11
2002 9 8 7 8 11 10
2003 9 10 6 7 10 10
2004 8 8 6 7 9 10

Note: All trends were statistically significant. Conversion factors for units: hemoglobin and serum albumin in g/dL to
g/L, X10; serum creatinine in mg/dL to mmol/L, X 88.4; glomerular filtration rate in mL/min/1.73 m? to mL/s, X0.0167.
Abbreviations: ESRD, end-stage renal disease; LDO, large dialysis organization; PD, peritoneal dialysis.
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Figure 1. Change in proportion of dialysis units owned
by large dialysis organizations (LDOs) in the United States
from 1996 (43%) to 2004 (63%).

transplantation, transfer to a unit with a different affiliation,
or last follow-up. Survival analyses were limited to the
5-year period from 2000 through 2004 because in the first 4
years of the study period (1996 to 1999), there were marked
changes in ownership patterns of dialysis units in the coun-
try. Adjusted HRs were calculated for each of the 5 incident
cohorts and for the entire 5-year period. Multivariate models
were built by using the same variables as described for
logistic regression analyses; however, PD census for the unit
was added as an additional covariate. Only the fully adjusted
models are presented here.

All analyses were performed using SAS, version 9.1 (SAS
Institute, Cary, NC).

RESULTS

Patient Characteristics by Unit Ownership

During the 9-year period, the number of dialy-
sis units in the country increased by 53% (Fig 1).
This was a result of an increase in the number of
LDO units from 1,320 in 1996 to 2,961 in 2004;
the number of non-LDO units was largely un-
changed (1,776 in 1996 and 1,771 in 2004). The
increase in the proportion of LDO units was
steep from 1996 (43%) to 1999 (57%), followed
by a more gradual increase from 2000 (58%) to
2004 (63%; Fig 1). There was a parallel increase

Figure 2. Adjusted odds ratios and 95% confidence
intervals for use of peritoneal dialysis in 5 large dialysis
organizations (LDOs) for each year from 1996 through
2004, using non-LDO units as reference. Data adjusted for
LDO identification (up to 9, depending on year), age, sex,
race, Hispanic ethnicity, end-stage renal disease (ESRD)
network, employment status, medical insurance at start of
dialysis therapy, cause of ESRD, 20 comorbidities from
Medical Evidence Form 2728, serum albumin level, plasma
hemoglobin level, and estimated glomerular filtration rate.
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in the number of patients undergoing dialysis
treatment in LDO units (1996, 39%; 2004, 63%).
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Figure 3. Odds ratios (ORs) for an incident patient to
be undergoing peritoneal dialysis on day 90 in 5 large
dialysis organizations (LDOs) in the United States, using
non-LDO units as the reference, during the entire 9-year
period (1996 to 2004). Data adjusted for LDO identification
(up to 9, depending on year), age, sex, race, Hispanic
ethnicity, end-stage renal disease (ESRD) network, employ-
ment status, medical insurance at the start of dialysis
therapy, cause of ESRD, 20 comorbidities from Medical
Evidence Form 2728, serum albumin level, plasma hemo-
globin level, and estimated glomerular filtration rate. ORs
were: LDO 1, 1.06 (95% confidence interval [CI], 1.02 to
1.11); LDO 2, 0.66 (95% CI, 0.64 to 0.68); LDO 3, 0.82
(95% ClI, 0.80 to 0.85); LDO 4, 0.96 (95% CI, 0.92 to
0.995); and LDO 5, 1.09 (95% Cl, 1.06 to 1.12).

Characteristics of incident dialysis patients are
listed in Table 1. During the study period, there
were 785,531 incident maintenance dialysis pa-
tients, of whom 346,104 were treated in non-
LDO units. The number of incident patients in
the 5 LDO units ranged from 25,949 to 95,197.

Use of PD by Unit Ownership

During the 9-year period, PD use decreased
irrespective of ownership of the dialysis units
(Table 1). PD use was significantly lower in
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LDO units than non-LDO units, with an adjusted
OR of 0.77 (95% confidence interval [CI], 0.76
to 0.79). Most LDO units are for profit; classify-
ing differently, PD use was significantly lower in
for-profit units (OR, 0.86; 95% CI, 0.84 to 0.87)
compared with not-for-profit units.

Systematic differences in PD use were seen in
units owned by different LDOs, and trends for
each LDO were similar in most years (Fig 2).
Using non-LDO units as a reference, the odds for
use of PD was consistently greater in patients
treated in LDOs 1 and 5 and consistently lower
in those treated in LDOs 2, 3, and 4 (Fig 2).
Pooling the 9-year data, adjusted odds for use of
PD on day 90 of ESRD were significantly greater
in LDOs 1 and 5. The lowest odds for use of PD
were in patients treated in LDO 2, followed by
LDO 3 and LDO 4 (Fig 3).

Less than one-half of dialysis units provided
care for PD patients; the lowest proportion was
for LDO 4 (Table 2). Although there was a
decrease in center size for PD programs in non-
LDO and LDO units, there were some systematic
differences. LDO 2 consistently had the smallest
center sizes, whereas LDOs 4 and 5 had the
largest (Table 2).

Outcomes of PD Patients by Unit Ownership

Characteristics of incident PD patients dur-
ing the 5-year period (2000 to 2004) are listed
in Table 3. LDO 1 PD patients had the young-
est mean age and were least likely to be
Hispanic. The greatest proportion of Hispanic
incident PD patients was treated in LDO 3, and
it had the lowest proportion with a previous

Table 2. Proportion of Units Providing Care to Patients Undergoing PD and Size of PD Programs Based on
Ownership Status

Units With PD Patients (%) Median PD Patients/PD Program

Non-LDO LDO1 LDO2 LDO3 LDO4 LDO5 Non-LDO  LDO1 LDO 2 LDO 3 LDO 4 LDO 5
1996 50 a2 37 45 17 52 16(1,198) 22(1,130) 12(1,123) 12(1,79) 30(2,86) 18.5(1,91)
1997 48 43 34 53 23 49 15(1,191) 17(1,116) 11(1,122) 12(1,60) 25(2,84)  10(1,94)
1998 45 43 35 48 27 47 13(1,143) 15(1,123) 9(1,113) 12(1,159) 17(1,76) 10.5(1, 96)
1999 42 36 3 48 29 45 12(1,130) 17(1,93) 9(1,115) 11(1,145) 21(2,107) 11(1,70)
2000 41 37 34 47 28 42 11(1,128) 145(1,82) 9(1,132) 10.5(1,143) 21(1,121) 11(1,80)
2001 38 33 3 45 26 42 11(1,126) 13(1,95) 10(1,122) 12(1,107) 21(1,132) 13(1,86)
2002 37 39 34 43 29 43  9(1,127) 7.5(1,97) 8(1,144) 12(1,74)  21(1,120) 13(1,88)
2003 38 37 32 39 27 44 10(1,126) 8(1,81) 8(1,126) 12(1,82) 20(1,108) 13 (1, 85)
2004 37 34 32 38 30 45 10(1,123) 95(1,87) 8(1,105) 12(1,93) 14.5(1,90) 14 (1,98)

Note: Values expressed as percent or medium (minimum, maximum).
Abbreviations: LDO, large dialysis organization; PD, peritoneal dialysis.
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Table 3. Characteristics of 35,653 Incident Peritoneal Dialysis Patients Between 2000 and 2004 Based on Dialysis
Unit Ownership

Non-LDO LDO 1 LDO 2 LDO 3 LDO 4 LDO 5

Age (y) 58.0 + 15.3 55.1 + 15.0 56.6 + 15.2 57.1 + 15.2 57.4 + 15.4 56.8 = 15.0
Men (%) 55 54 54 53 52 54
Race (%)

White 75 71 73 69 74 67

African American 17 24 21 20 21 27

Asian 5 2 4 7 2 3

Other 3 3 3 4 3 2
Hispanic ethnicity (%) 12 5 15 18 8 11
Employment status (%)

Unemployed 16 14 14 19 17 20

Employed 21 25 25 24 22 22

Homemaker 5 4 6 6 5 5

Retired 46 47 49 45 49 47

Other/unspecified 12 11 6 7 7 7
Primary cause of ESRD (%)

Diabetes 41 42 44 46 43 45

Hypertension 20 19 23 23 22 24

Others 39 39 33 32 35 31
Selected coexisting conditions or risk

factors (%)

Congestive heart failure 20 17 19 18 19 22

Ischemic heart disease 20 18 18 15 20 18

Myocardial infarction 7 7 7 6 6 6

Current tobacco use 6 7 5 5 6 6

Inability to ambulate 2 1 1 1 1 1

Inability to transfer 0.5 0.3 0.3 0.2 0.4 0.4
Weight (kg) 771 £19.6 781 +£19.2 77.7 =18.4 76.9+=18.8 79.3 = 19.5 78.8 = 19.0
Body mass index (kg/m?) 27066 272*+62 275*+*63 272*+6.2 28.0*6.7 27.7*6.3
Predialysis erythropoietin use (%) 48 51 47 44 43 46
Hemoglobin (g/dL) 10518 105*17 105*18 106*+18 106*+18 105*+1.8
Serum albumin (g/dL) 34+x07 35x07 35x07 35*x07 36x07 35x07
Serum creatinine (mg/dL) 7033 74383 73x32 7.0x32 69=x31 7.2 *33
Glomerular filtration rate (mL/min/1.73m?) 97 +4.4 91+40 91+40 95=+*41 9.7+42 9.4 *+41

Note: All trends were statistically significant. Conversion factors for units: hemoglobin and serum albumin in g/dL to
g/L, X10; serum creatinine in mg/dL to mmol/L, x88.4; glomerular filtration rate in mL/min/1.73 m? to mL/s, X0.0167.
Abbreviations: ESRD, end-stage renal disease; LDO, large dialysis organization.

diagnosis of congestive heart failure, ischemic
heart disease, and myocardial infarction. The
proportion of African Americans was greatest
in LDO 5.

There was no significant difference in risk of
death (adjusted HR, 1.03; 95% CI, 0.99 to 1.07)
or a composite outcome of death or transfer to
MHD therapy (HR, 1.03; 95% CI, 0.99 to 1.06)
in PD patients treated in LDO units compared
with non-LDO units. However, risk of death was
significantly greater in for-profit units compared
with not-for-profit units (HR, 1.06; 95% CI, 1.02
to 1.11). Similarly, there was a significantly
greater risk of a composite outcome of death or
transfer to MHD therapy in for-profit units com-

pared with not-for-profit units (HR, 1.07; 95%
CL 1.03t0 1.11).

With non-LDO units as a reference, there was
no significant difference in hazards for death
between incident PD patients in each of the
LDOs examined for each year, with the follow-
ing exceptions: significantly lower death hazards
for LDO 1 in 2000 and significantly higher
hazards for LDO 2 in 2002 and 2003 and LDO 4
in 2003 (Fig 4). Pooling the 5-year data, hazards
for death in incident patients in LDO 1 were 13%
lower and for LDO 2 were 8% higher compared
with non-LDO units (Fig 5). The effect of PD
census of the dialysis unit on patient’s risk of
death is listed in Table 4.
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Figure 5. Adjusted hazard ratios (HRs) for death for
incident peritoneal dialysis patients during the entire 5-year
period (2000 to 2004) in 5 large dialysis organizations
(LDOs) in the United States, using non-LDO units as the
reference. Data adjusted for LDO identification (up to 9,
depending on year), age, sex, race, Hispanic ethnicity,
end-stage renal disease (ESRD) network, employment
status, medical insurance at the start of dialysis therapy,
cause of ESRD, 20 comorbidities from Medical Evidence
Form 2728, serum albumin level, plasma hemoglobin level,
and estimated glomerular filtration rate. HRs were: LDO 1,
0.87 (95% confidence interval [CI], 0.78 to 0.96); LDO 2,
1.08 (95% Cl, 1.02 to 1.14); LDO 3, 1.02 (95% ClI, 0.96 to
1.08); LDO 4, 1.04 (95% Cl, 0.96 to 1.12); and LDO 5, 1.02
(95% Cl, 0.96 to 1.08). Data were censored at the time of
transfer to maintenance hemodialysis therapy, transplanta-
tion, or transfer to a unit with a different affiliation.

Similar trends were noted for adjusted HRs for
reaching a composite outcome of death or trans-
fer to MHD therapy (data not shown). Incident
PD patients treated in LDO 2 were significantly
more likely to reach the composite outcome in 3
of the 5 years studied, using non-LDO units as
reference; greater risk of reaching the composite
outcome was seen in 1 of the 5 years for LDOs 3
and 4. Pooling the 5-year data, hazards for death
or transfer to MHD therapy in incident PD pa-
tients in LDO 2 were 13% greater compared with
non-LDO units (Fig 6); HRs for none of the other

Figure 4. Adjusted hazard ratios and 95% confidence
intervals for death in incident peritoneal dialysis (PD) pa-
tients in 5 large dialysis organizations (LDOs) for each year
from 2000 through 2004, using non-LDOs as reference.
Data adjusted for LDO identification (up to 9, depending on
year), age, sex, race, Hispanic ethnicity, end-stage renal
disease (ESRD) network, employment status, medical in-
surance at start of dialysis therapy, cause of ESRD, 20
comorbidities from Medical Evidence Form 2728, serum
albumin level, plasma hemoglobin level, estimated glomer-
ular filtration rate, and PD unit census. Data were censored
at the time of transplantation, transfer to maintenance
hemodialysis therapy, or transfer to a unit with a different
affiliation.
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Table 4. Effect of PD Unit Census on

Patient Outcomes
Hazard Ratio (95% confidence interval)

PD Unit Death or Transfer to
Census Death Maintenance Hemodialysis
>21 1.00 1.00
11-21 1.04 (0.99-1.09) 1.07 (1.03-1.10)
5-10 1.05 (0.99-1.12) 1.12(1.07-1.18)
<5 1.23(1.14-1.32) 1.32 (1.03-1.10)

Note: Analyses performed in the cohort of incident pa-
tients from 2000 through 2004 (n = 36,115). Data adjusted
for LDO identification (up to 9, depending on year), age,
sex, race, Hispanic ethnicity, ESRD network, employment
status, medical insurance at the start of dialysis therapy,
cause of ESRD, 20 comorbidities from Medical Evidence
Form 2728, serum albumin level, plasma hemoglobin level,
and estimated glomerular filtration rate.

Abbreviations: ESRD, end-stage renal disease; LDO,
large dialysis organization; PD, peritoneal dialysis.

LDOs reached statistical significance. The effect
of PD census of the dialysis unit on patient risk
of the composite outcome is listed in Table 4.

DISCUSSION

Since the introduction of PD therapy, many
observational studies have compared its out-
comes with those seen with MHD therapy. Differ-
ences in outcomes have been described among
some patient subgroups and over time, but it is
hard to ascertain whether these are attributable to
the dialysis modality or a result of residual con-
founding. The preponderance of evidence indi-
cates that overall, the 2 therapies are associated
with equivalent risk of death.” However, unlike
some other developed countries, a much smaller
proportion of maintenance dialysis patients in
the United States uses PD.” Earlier studies, some
from our group, have identified some of the
following factors as important contributors to
low PD use: limited opportunities for physicians
to learn about the therapy in training programs,
challenges from lack of infrastructure to support
home dialysis in most units, and concerns (argu-
ably misplaced) about who can or should per-
form home dialysis and its outcomes.”® As a
result, most incident dialysis patients report that
they are not aware of dialysis modalities other
than in-center MHD.”

Starting in 1996, there has been a precipitous
decrease in the proportion of maintenance dialy-
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sis patients undergoing PD.' Our previous analy-
ses indicate that medical characteristics of the
incident dialysis population have not changed
sufficiently to account for the steep decrease in
PD use.® Additional analyses of USRDS data
presented here build on the existing knowledge
in the field. During the 9-year period, the preva-
lent dialysis population increased 47% and the
number of dialysis units increased by 53%. How-
ever, the growth in number of dialysis units was
limited to those owned by LDOs. We sought to
determine whether the ownership pattern of dialy-
sis units was associated with PD use. During the
period studied, PD use decreased in non-LDO
units and each of the LDOs. Thus, the increase in
proportion of patients undergoing care in LDOs
cannot be the only reason for the decrease in PD
use. However, it may be an important determi-
nant of the progressively lower PD use. As
clearly shown here, there are systematic differ-
ences in PD use by incident maintenance dialysis
patients receiving care in different LDOs. Even
adjusted for patient characteristics, the odds for
undergoing PD in LDOs 2 and 3 were consis-
tently lower than in non-LDO units in each of the
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Figure 6. Hazard ratios (HRs) for death or transfer to
maintenance hemodialysis therapy for incident peritoneal
dialysis patients during a 5-year period (2000 to 2004) in 5
large dialysis organizations (LDOs) in the United States,
using non-LDO units as the reference. Data adjusted for
LDO identification (up to 9, depending on year), age, sex,
race, Hispanic ethnicity, end-stage renal disease (ESRD)
network, employment status, medical insurance at the
start of dialysis therapy, cause of ESRD, 20 comorbidities
from Medical Evidence Form 2728, serum albumin level,
plasma hemoglobin level, and estimated glomerular filtra-
tion rate. HRs were: LDO 1, 0.94 (95% confidence interval
[CI],0.87 t0 1.02); LDO 2, 1.13 (95% CI, 1.08 to 1.18); LDO
3,0.996 (95% ClI, 0.95 to 1.05); LDO 4, 1.04 (95% ClI, 0.98
to 1.10); and LDO 5, 0.98 (95% CI, 0.94 to 1.03). Data
were censored at the time of transplantation or transfer to a
unit with a different affiliation.
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9 years examined; in LDO 4, PD use was lower
than in non-LDO units in 6 of the 9 years
examined. However, incident dialysis patients in
LDOs 1 and 5 were more likely to use PD in 7 of
the 9 years studied. Given the consistency of
these differences in PD use, they are unlikely to
be random. A lopsided increase in number of
units over time owned by LDOs with systemati-
cally lower PD use is expected to result in an
overall decrease in PD use.

Our study design does not allow us to identify
the differences in LDO policy, if any, that may
impact on PD use. However, some of these may
be related to varying investments in PD pro-
grams, such as hiring nurses, providing support
for them to be available on call during evenings
and weekends, or requiring PD nurses to work in
MHD units. Our study also indicates there has
been a significant increase in “hemodialysis ca-
pacity” with an increase in the number of new
dialysis units; the need to fill this increased
capacity may be another potential reason that
may have led to lower PD use. Furthermore,
different LDOs may have arrived at different
conclusions regarding the profitability of provid-
ing care for PD patients. Relative to MHD, costs
for supplies (dialysis solutions) for PD patients
are greater, but the staffing (nursing) and capital
(building and plumbing) costs are lower. As a
result, per-patient profits in PD programs in-
crease with a larger patient population. However,
as listed in Table 2, significant proportions of PD
programs provide care to fewer than 10 patients
and have limited potential to be profitable. Thus,
it is possible that the decrease in PD use may be
part of a vicious cycle in which lower profitabil-
ity of PD programs may lead to lower support by
some LDOs. Breaking this vicious cycle of lower
support for PD programs can translate into signifi-
cant cost-savings to taxpayers. The cumulative
savings are likely to be substantially greater with
the projected increase in the maintenance dialy-
sis patient population.

Other than economic consequences, the sys-
tematic differences in PD may have tangible
implications on patient outcomes. Thus, LDO 2,
which had the lowest use of PD, had the worst
outcomes for these patients. However, LDO 1
had greater PD use and the outcomes were con-
sistently better. The relationship between propor-
tions of patients undergoing PD and outcomes in
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an LDO are not entirely unexpected. The relation-
ship between procedural volume and outcomes
has been reported previously for cardiothoracic
surgeons and hospitals.” Greater cumulative ex-
perience in the care of PD patients previously has
been associated with better outcomes.'® Thus,
the association between PD use in an LDO may
be a surrogate for the experience of health care
providers. Similarly, a strong association be-
tween center size and outcomes of PD patients
has been reported previously.'"-'* Consistent with
these observations, LDO 2 had the smallest PD
programs and the worst outcomes. However, this
can explain only part of the association. PD
census of the dialysis unit was noted to be an
independent predictor of outcome; however, dif-
ferences in outcomes of patients treated in differ-
ent LDOs persisted, even after adjusting data for
the PD census of the unit where they were
treated. Consistent with this observation, the
median number of patients in each PD program
was one of the lowest in LDO 1, yet patients
treated in these units generally had the best
outcomes. Similarly, LDO 4 had the highest
median number of patients per program for most
of the study period, but this did not translate into
better survival. Differences in corporate policies
in providing support to PD programs may be an
additional, albeit untested, explanation for the
relationship.

There are several limitations of the study.
First, we were unable to ascertain the effect of
change in ownership of dialysis units on the
change in PD use. During the study period, many
non-LDO units were acquired by LDOs, but at
the time of change in ownership of the dialysis
unit, a new facility identification number is as-
signed, making it impossible to study the effect
of change in ownership. Second, based on our
analyses, we cannot exclude residual confound-
ing, particularly because the coexisting condi-
tions or risk factors may be underreported on
Medical Evidence Form 2728.'> Moreover, no
information was available for severity of the
individual coexisting conditions or risk factors.
However, this problem is likely to be randomly
distributed for the different LDOs and thus un-
likely to have biased results. Third, data for
several laboratory variables was incomplete and
we used imputed values for the analyses. How-
ever, similar estimates were obtained regardless
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of whether laboratory variables were included in
the multivariate models. Therefore, the missing
data are unlikely to have biased our results.
Fourth, there has been additional consolidation
in providers with the acquisition of Renal Care
Group and Gambro by Fresenius and DaVita in
2005, respectively. Thus, our results may not be
applicable to the consolidated entities as they
exist today, and for this reason, we chose to
de-identify the LDOs. However, this study pro-
vides crucial information regarding the relation-
ship between changing patterns of ownership of
dialysis units to PD use in the United States and
its effects on patient outcomes.

To conclude, an increasingly larger proportion
of patients with ESRD in the United States is
being treated in dialysis units owned by LDOs.
There are systematic differences in PD use in
different LDOs. A lopsided increase in the num-
ber of units owned by LDOs with lower PD use
likely is one, although not the only, reason for the
decrease in use of PD in the country. There is a
relationship between PD use and patient out-
comes such that the organizations with the low-
est use of the therapy generally have the worst
outcomes. Understanding the relationship be-
tween provider characteristics and PD use and
outcomes may allow policy makers to devise
strategies to reverse the trend of decreasing PD
use. The success in reversing the trend of decreas-
ing PD use in part may dictate the ability to stem
the increase in expenditures for patients with
ESRD.
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