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PD patients (HR = 1.10, 95% CI 1.04, 1.17), although the rela-
tive risk of death was lower in younger and healthier patients 
(HR = 0.78; 95% CI 0.61, 1.00).  Conclusion:  Out-of-center HD 
is not associated with a survival advantage among unselect-
ed patients initiating dialysis in the United States. These re-
sults call for better characterization of out-of-center HD in 
national registries, primarily to effectively compare the use, 
outcomes and potential benefits of home HD to standard 
therapies. 

 

Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Home hemodialysis (HD) was first introduced in 1964 
 [1] , and its use in the United States peaked in the 1970s  [2]  
when 40% of prevalent patients with end-stage renal dis-
ease (ESRD) were treated at home  [3] . Unfortunately, the 
utilization of home HD subsequently declined due to re-
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 Abstract 

  Background:  There is increasing interest in the delivery of 
out-of-center hemodialysis (HD), particularly in the home 
setting, but little systematic information about its use and 
outcome in contemporary incident patients is available.  Pa-
tients and Methods:  Out-of-center HD was defined as HD 
delivered in a residential setting, mainly at home or in a long-
term care facility (such as a nursing home) irrespective of the 
length and frequency of therapy. All-cause mortality was de-
termined in an observational cohort study of 458,329 adult 
patients initiating dialysis in the United States with Medicare 
as a primary payer.  Results:  Between 1995 and 2004, out-of-
center HD was the initial modality in 1,641 (0.4%) of eligible 
participants, although there was significant geographic vari-
ation. Patients initiating out-of-center HD were younger, 
more likely to be nonwhite, had fewer comorbidities, a high-
er median income, and were more likely to be employed 
than patients initiating in-center HD or peritoneal dialysis 
(PD). In multivariate analysis, out-of-center HD patients had 
a higher overall risk of death compared to in-center HD or
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imbursement issues, complicated HD technology, lack of 
home HD expertise and training programs, and the con-
cept that adequate dialysis could be achieved with con-
ventional HD  [4–6] . Home HD has attracted increasing 
attention in recent years, perhaps driven by declining ex-
pertise in peritoneal dialysis (PD)  [7] , advances in home 
HD technologies  [8] , and patient preferences for modali-
ties with greater flexibility in the scheduling of dialysis 
treatments.

  Home HD has been linked to improved outcomes  [9–
12]  including better patient survival  [3, 5, 10, 13]  lower 
costs  [15, 16] , and enhanced quality of life  [17] . However, 
much of this information is derived from small studies 
published in the late 1980s or early 1990s and may not 
reflect contemporary practice. A more recent observa-
tional study revealed significantly better patient survival 
in 265 patients receiving short daily home HD  as com-
pared to United States Renal Data System (USRDS)-
matched patients receiving conventional in-center HD 
 [5] . Frequent home HD has also been demonstrated, in a 
randomized controlled trial  [18] , to improve blood pres-
sure control and reduce left ventricular mass. A system-
atic review that included 27 studies of variable quality 
found that home HD was associated with improved sur-
vival and quality of life  [16] ; however, concerns with se-
lection bias led to the conclusion that it was difficult to 
‘disentangle the true effects of home HD’. We therefore 
performed this study to determine the use and outcome 
of home HD in a contemporary patient population initi-
ating dialysis in the United States. Due to the nonexis-
tence of home HD registries, we resorted to an opera-
tional definition of out-of-center HD, as defined by the 
USRDS, which entailed delivery of HD in a residential 
setting either at home or in a long-term care facility.

  Patients and Methods 

 Data Sources 
 The study population was drawn from the Standard Analysis 

Files of the USRDS, and included all adult patients aged  6 18 years 
who initiated chronic dialysis between April 1, 1995 and October 
31, 2004. The medical evidence file includes information from the 
Medical Evidence Form of the Center for Medicare and Medicaid 
Services, which is completed for all incident ESRD patients  [19] . 
We studied the subset of patients whose primary insurer was 
Medicare or Medicaid in order to ensure complete identification 
of treatment modality and change in treatment modality for 
Medicare claims. Included patients were required to be stable on 
a single dialysis modality for a minimum of 60 days  [19] . Patients 
with kidney transplantation as their initial treatment modality or 
patients whose initial modality could not be identified were ex-
cluded. Dialysis modality and location (residential vs. in-center) 

were determined from the Detailed Treatment History file. The 
determination of dialysis modality switches followed the 60-day 
rule used by the USRDS whereby any change in modality lasting 
less than 60 days is not recorded as a modality switch  [19] .  The 
study was approved by our local hospital institutional review 
board.

  Dialysis Modality Definitions and Patient Follow-Up 
 Modalities of first dialysis were classified as: (1) out-of-center 

HD, defined as HD delivered in a residential setting (including 
home and long-term care facilities such as nursing homes) irre-
spective of the length and frequency of therapy; (2) in-center HD, 
defined as staff-assisted or self-care HD delivered in a dialysis fa-
cility which includes both hospital and satellite units; and (3) PD, 
defined as chronic ambulatory PD (CAPD), continuous cycler PD 
(CCPD), or other PD modality delivered in the residential setting. 
Patients were followed from the initiation of dialysis until trans-
plantation, death, or December 31, 2004, which was the last day 
of study follow-up.

  Statistical Analysis 
 All analyses were performed with SAS version 9.1 (Cary, N.C., 

USA). Differences in demographic and clinical characteristics be-
tween included and excluded patients, and between study patients 
initiating out-of-center HD, in-center HD and PD were compared 
using the  �  2  test, t test or ANOVA as appropriate.

  The rate of out-of-center HD use among incident dialysis pa-
tients was determined in each of the 18 ESRD networks using 
Poisson regression. Rates were calculated per 1,000 patient years 
on dialysis. Under the direction of the Center for Medicare and 
Medicaid Services, the ESRD Network Program consists of a
national network of 18 ESRD networks, responsible for each US 
state, territory, and the District of Columbia. ESRD networks ser-
vice geographic areas based on the number and concentration of 
ESRD beneficiaries.

  Univariate and multivariate logistic regression analyses were 
performed to identify factors associated with the use of out-of-
center HD in incident dialysis patients compared to the other di-
alysis modalities. The following variables were examined: age; 
gender; race; cause of ESRD; diabetes; cardiovascular disease 
(CVD) [as defined by a history of ischemic heart disease (IHD), 
congestive heart failure (CHF), cerebrovascular accident, or pe-
ripheral vascular disease]; self-reported functional status (in 
terms of ability to transfer and ambulate independently); era in 
which dialysis was initiated (1995–1997, 1998–2000, 2001–2004); 
median household income (determined by linkage of patient zip 
codes to data from the 2002 US Census), and employment status.

  Patient Survival Analysis 
 The association of initial treatment modality with patient sur-

vival was determined in univariate (Kaplan-Meier) and multivar-
iate (Cox regression) intention-to-treat analyses. The Cox regres-
sion analyses included adjustment for the following factors: age, 
gender, race, cause of ESRD, diabetes, history of CVD, self-report-
ed functional status, era in which dialysis was initiated, median 
household income, and employment status. Covariates in the 
model were tested for the proportionality assumption using log-
negative-log plots plotted against the log of time. This analysis 
was repeated while censoring follow-up at the time of change in 
treatment modality.
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  Patient Survival in Subgroups 
 Because the ‘residential setting’ used to define out-of-center 

HD includes home and long-term care facilities mainly nursing 
homes, we defined a subgroup of patients who were more likely to 
reside at home than in a long-term care facility (aged  ! 50 years, 
able to ambulate and transfer independently, and absence of dia-
betes and CVD). We also defined a subgroup of patients who were 
more likely to reside in a long-term care facility than at home 
(aged  1 60 years, inability to ambulate and transfer independent-
ly, and presence of at least diabetes and/or CVD). The association 
of out-of-center HD with survival was determined in these sub-
groups using the same aforementioned methods.

  Propensity Score Analysis 
 Because treatment assignment was nonrandom, we attempted 

to control for factors associated with initiating out-of-center HD 
by developing a propensity score. The propensity score was devel-
oped by creating a logistic regression model to ascertain the fac-
tors that were associated with out-of-center HD. An optimal mod-
el was created by forcing all variables into the model. A propen-
sity score was then assigned to each patient by multiplying their 
characteristics by the model coefficients and adding over these 
characteristics to obtain a likelihood of out-of-center HD. The 
score ranged between 0 and 1. Each out-of-center HD patient was 
matched by a ratio of 1:   3 to randomly selected in-center HD pa-
tients with the same propensity score. Patient survival analyses 
were then repeated in this matched cohort of patients.

  Results 

 Characteristics of Patients Initiating Out-of-Center 
HD in the US 
 Among the 744,047 patients who initiated chronic

dialysis treatment in the US during the study period, 
251,675 were excluded, as Medicare/Medicaid was not 
their primary insurance payer, and a further 34,043 were 
excluded due to a lack of a stable dialysis modality for 60 
days, leaving 458,329 study patients. Study patients were 
older (65  8  15 vs. 58  8  15 years, p  !  0.0001), less likely 
to be male (53 vs. 56%, p  !  0.0001), and more likely to be 
white (65 vs. 63%, p  !  0.0001), have diabetes as the cause 
of ESRD (46 vs. 44%, p  !  0.0001), and have a preexisting 
history of IHD (27 vs. 20%, p  !  0.0001), CHF (36 vs. 27%, 
p  !  0.0001), cerebrovascular accident (10 vs. 7%, p  !  
0.0001), and peripheral vascular disease (16 vs. 12%, p  !  
0.0001) than those who were excluded.

   Table 1  depicts the baseline characteristics of patients 
initiating out-of-center HD, in-center HD and PD during 
the study period; only 1,641 (0.4%) initiated out-of-center 
HD. Patients initiating out-of-center HD were younger, 
more likely to be nonwhite and had fewer comorbid con-
ditions, but had a lower functional status as suggested by 
an inability to ambulate or transfer independently. Out-

of-center HD patients also had a higher median income, 
and were more likely to be employed compared to pa-
tients initiating in-center HD or PD.

   Figure 1  demonstrates the geographic variation of the 
incident patient population initiating out-of-center HD 
across the 18 US networks. Network 9 (TriState Renal 
Network), had the highest incidence rate of out-of-center 
HD (10.4 out-of-center HD patients/1,000 patients initi-
ating dialysis), followed by Network 16 (Northwest Renal 
Network, 7.1 out-of-center HD patients/1,000 patients 
initiating dialysis), with Networks 7 (Florida), 14 (Texas) 
and 17 (Trans-Pacific Network) having the next highest 
utilization of out-of-center HD (5.7, 5.7 and 5.5 out-of-
center HD patients/1,000 patients initiating dialysis, re-
spectively).

  Patient Survival 
 In univariate analysis, patient survival was similar 

among patients who initiated out-of-center HD, in-cen-
ter HD, and PD ( fig. 2 ). In multivariate analysis, patients 
who initiated out-of-center HD had a significantly high-
er relative risk of death compared to patients starting 
treatment with other dialysis modalities [hazard ratio 
(HR) = 1.10; 95% confidence interval (CI) 1.04, 1.17;  ta-
ble 2 ]. In additional multivariate analyses, patients ini-
tiating out-of-center HD had a higher relative risk of 
death compared to patients initiating in-center HD
(HR = 1.10; 95% CI 1.04, 1.17; p = 0.002), but had similar 
relative risk of death compared to PD patients (HR = 
1.04; 95% CI 0.98, 1.11; p = 0.20). Similar results were 
obtained when patient follow-up was censored at the 
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  Fig. 1.  Map of out-of-center HD rate (per 1,000 incident patients 
with ESRD initiating dialysis) in the US between 1995 and 2004 
stratified by USRDS network. 
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time of treatment modality change (HR for out-of-cen-
ter HD compared with other treatment modalities 1.38, 
95% CI 1.26, 1.52).

  Subgroup analyses were performed to determine if the 
relationship between modality and survival differed in 
patients who were more likely to reside at home (i.e. pa-
tients aged  ! 50 years, able to ambulate and transfer inde-
pendently, and absence of diabetes and CVD) and those 
who were more likely to reside in a long-term care facility 
(i.e. patients aged  1 60 years with inability to ambulate 
and transfer independently, and presence of at least dia-

betes and/or CVD). Indeed, among those more likely to 
reside at home, the use of out-of-center HD as the initial 
treatment modality was associated with a significantly 
lower relative risk of death compared to other dialysis 
modalities (HR = 0.78; 95% CI 0.61, 1.00; p = 0.05). In 
contrast, among those more likely to reside in long-term 
care facilities, out-of center HD was not associated with 
a significantly different relative risk of death compared to 
other dialysis modalities (HR = 1.13, 95% CI 0.90, 1.42;
p = 0.28).

Table 1. Characteristics of incident dialysis patients stratified by initial dialysis modality

PD
(n = 37,253)

In-center HD
(n = 419,435)

Out-of-center HD
(n = 1,641)

p value

Age category, %
18–44
45–59
60–74
≥75

18.4
23.9
40.4
17.3

11.4
19.7
40.2
28.7

16.1
24.1
32.8
27.0

<0.0001

Male, % 52.8 52.4 54.4 0.11
Race, %

White
Black
Asian
Native American
Other

73.6
20.5

3.2
1.3
1.3

63.4
31.2

3.0
1.3
1.1

60.8
32.8

4.1
1.6
0.7

<0.0001

Cause of ESRD, %
Diabetes mellitus
Glomerulonephritis
Other

47.0
14.6
38.4

46.0
9.3

44.7

41.7
11.5
46.8

<0.0001

Comorbid conditions, %
IHD
CHF
CVA
PVD

23.0
26.3

7.8
13.2

26.7
35.6
10.3
16.0

17.6
26.5

9.6
12.3

<0.0001
<0.0001
<0.0001
<0.0001

Self-reported functional status, %
Inability to ambulate
Inability to transfer

1.9
0.5

4.6
1.6

7.3
3.8

<0.0001
<0.0001

Median income, %
<29,000 USD

29,000–35,999 USD
36,000–45,999 USD

≥46,000 USD

20.9
24.7
26.6
27.8

24.5
24.6
25.7
25.0

19.2
21.3
25.8
33.7

<0.0001

Employment status, %1

Employed
Retired
Unemployed
Homemaker

51.4
23.2
18.9

6.5

51.4
22.0
20.9

5.7

55.1
21.0
19.3

4.6

<0.0001

CVA = Cerebrovascular accident; PVD = peripheral vascular disease. 
1 Employment status could be determined for 95.2% of patients.
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  Sensitivity Analysis 
 In a sensitivity analysis where out-of-center HD pa-

tients were matched to in-center HD patients by their 
propensity score for starting out-of-center HD, we did 
not find any association between modality and im-
proved survival (data not shown). We also performed a 
separate analysis where we matched patients initiating 
home HD to PD on a propensity score using age and co-
morbidities. In this sensitivity analysis, patients initiat-
ing out-of-center HD maintained a higher relative risk 
of death compared to those initiating PD (HR = 1.11; 
95% CI 1.03, 1.19).

  Discussion 

 Major Study Findings 
 In the present study, we attempted to examine the use 

and outcome of HD delivered in residential settings, in a 
contemporary patient population initiating dialysis in 
the US. Due to the lack of true home HD registries, we 
resorted to an operational definition of out-of-center HD, 
as defined by the USRDS, which entailed delivery of HD 
either at home or in a long-term care facility. Although 
there was considerable geographic variability, out-of-cen-
ter HD was the initial treatment modality for less than 1% 
of patients initiating dialysis in the US during the study 
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Table 2. M ultivariate analysis of patient survival among incident 
dialysis patients

Hazard ratio 95% CI

Modality
Out-of-center HD
(vs. other modalities)
Out-of-center HD
(vs. in-center HD)
Out-of-center HD
(vs. peritoneal dialysis)

1.10

1.10

1.04

1.04, 1.17

1.04, 1.17

0.98, 1.11

Age category
18–44
45–59
60–74

≥75

0.44
0.65
1.00
1.58

0.43, 0.45
0.64, 0.65
–
1.56, 1.59

Women (vs. men) 0.99 0.98, 1.00
Race

White
Black
Asian
Native American
Other

1.00
0.77
0.68
0.71
0.97

–
0.76, 0.78
0.67, 0.70
0.69, 0.74
0.93, 1.00

Cause of ESRD
Glomerulonephritis
Diabetes mellitus
Other

1.00
1.38
1.26

–
1.35, 1.40
1.24, 1.28

Comorbid conditions
IHD (vs. none)
CHF (vs. none)
PVD (vs. none)
CVA (vs. none)

1.09
1.27
1.15
1.18

1.08, 1.10
1.25, 1.28
1.14, 1.17
1.17, 1.20

Self-reported functional status
Inability to ambulate
Inability to transfer

1.46
1.32

1.43, 1.49
1.28, 1.37

Median income 
<29,000 USD

29,000–35,999 USD
36,000–45,999 USD

≥46,000 USD

1.00
0.98
0.96
0.94

–
0.97, 0.99
0.95, 0.97
0.93, 0.95

Employment status
Employed
Homemaker
Retired
Unemployed
Other/unknown

1.00
0.93
1.06
1.00
1.03

–
0.91, 0.94
1.05, 1.07
0.99, 1.02
1.02, 1.05

Dialysis initiation period
1995–1997
1998–2000
2001–2004

1.00
0.97
0.92

–
0.96, 0.98
0.91, 0.93

I ntention-to-treat analysis based on first dialysis modality. 
PVD = Peripheral vascular disease; CVA = cerebrovascular acci-
dent. 

  Fig. 2.  Cumulative probability of patient survival stratified by ini-
tial dialysis modality.  
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period. PD was also an infrequent modality with only 8% 
of patients initiating dialysis. We found that a similar rel-
ative risk of death between the PD patient and out-of cen-
ter patients. In contrast to previous studies  [3, 5, 10, 13, 
14] , we found no consistent association between out-of-
center HD and better patient survival as compared with 
in-center HD. In fact, the relative risk of death among 
patients initiating out-of-center HD was significantly 
higher compared to those initiated on in-center HD. 
However, the relative risk of death associated with out-of-
center HD was lower than for in-center HD when only 
younger, healthier patients were considered, and argu-
ably might represent the true home HD patient popula-
tion.

  Previous Literature 
 Much of the existing literature on out-of-center HD is 

focused on home HD, and is based on small single-center 
studies of prevalent patients from 1980 to 1990 that (in 
contrast to our findings) generally observed that home 
HD is associated with better outcomes. These studies 
may not reflect current practice patterns, and may be 
prone to selection bias. Other analyses of home HD based 
on USRDS data have led to different findings. Woods et 
al.  [10]  studied a smaller, random sample of 4,892 Medi-
care-entitled incident ESRD patients who initiated dialy-
sis between 1986 and 1987 and were included in a special 
USRDS study of case mix severity. The 70 home HD pa-
tients identified in that study were younger, had fewer 
comorbid conditions and had a lower adjusted risk of 
death compared to those receiving in-center HD. In con-
trast, the 1,641 unselected contemporary incident out-of-
center HD patients included in our study had a higher 
frequency of comorbid conditions such as IHD and CHF, 
and were less likely to ambulate or transfer independent-
ly than patients treated with other dialysis modalities. Al-
though our study included a larger group of unselected 
patients initiating out-of-center HD, the potential growth 
of HD delivery in long-term care facilities might have 
confounded our results, compared to the previously re-
ported USRDS analysis.

  Study Limitations 
 Our analysis has several limitations that should be 

considered when interpreting the results. First, although 
we adjusted for measured comorbidity and other patient 
characteristics (including the propensity to be treated 
with out-of-center HD), assignment to a particular dialy-
sis modality was not randomized and therefore the pos-
sibility of residual confounding remains. Second, al-

though this is the largest cohort of incident out-of-center 
HD patients studied to date, we included only those with 
Medicare as a primary payer in the US, and therefore our 
findings may not be applicable to other populations. 
Third, our analysis includes all patients who initiated
dialysis over a 10-year period. Since there have been
advances in home HD technologies and changes in the 
structure of typical home HD programs during this pe-
riod, our findings may not fully reflect outcomes among 
home HD patients today. Fourth, we did not have infor-
mation on the duration, frequency, or dose of dialysis 
among patients receiving home HD, and thus we were 
unable to examine survival among patients who were 
prescribed long nocturnal, short daily or other home HD 
prescriptions. Similarly, we were not able to determine 
whether patients received nurse-assisted or self-care di-
alysis at home. Fifth, despite the fact that infections re-
lated to vascular access is an important determinant of 
mortality, this outcome was not captured in the dataset 
and could not be explored.

  Most importantly, the definition of out-of-center HD 
that we used included patients who were treated at home 
or in long-term care facilities. Since the latter patients 
would likely be less healthy than those living at home,
this might have led to a spuriously increased risk of mor-
tality in the out-of-center HD population. Although we 
attempted to adjust for factors that might be associated 
with residence in a long-term care facility, some residual 
confounding appears likely. However, the lack of an over-
all association between out-of-center HD and better sur-
vival, and the interaction between age and comorbidity 
on the relative risk of death associated with out-of-center 
HD suggest that selection bias may have influenced the 
findings of prior studies that have evaluated outcomes 
among patients receiving HD at home. These findings 
support the need for establishing daily/more frequent 
home HD registries such as the recently established In-
ternational Quotidian Dialysis Registry  [20, 21] , in an ef-
fort to better characterize the use and outcomes of pa-
tients receiving HD at home compared to other modali-
ties.

  Conclusion 

 Out-of-center HD does not appear to be associated 
with a survival advantage among an unselected incident 
ESRD patient population initiating dialysis in the US. 
Our findings highlight the potential importance of pro-
spective national registries and large randomized con-
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trolled trials that compare the use, outcomes and benefits 
of home and more frequent HD to those associated with 
standard therapies. Efforts are already under way to fur-
ther characterize the potential short- and long-term ben-
efits of home HD, including the 2 ongoing Frequent He-
modialysis Network trials  [18, 22]  and a recently com-
pleted randomized controlled trial. In addition, the 
International Quotidian Dialysis Registry  [20]  and ongo-
ing cohort studies of home HD  [23]  will further shed light 
on this resurging therapy.
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