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Abstract
Background and objectives The last 15 years has seen growth in home hemodialysis (HD) utilization in Canada
owing to reports of improved outcomes relative to patients on conventional in-center HD. What effect growth has
had on home HD technique and patient survival during this period is not known.
Design, settings, participants, & measurements We compared the risk of home HD technique failure, mortality, and
the composite outcome among three incident cohorts of patients on home HD in Canada: 1996–2002, 2003–2007,
and 2008–2012. A multivariable piece-wise exponential model was used to evaluate all outcomes using inverse
probability of treatment and censoring weights.
Results A total of 1869 incident patients on home HD were identiﬁed from the Canadian Organ Replacement
Register. Relative to those treated between 2003 and 2007 (n=568), the risk of home HD technique failure was
similar between patients treated between 1996 and 2002 (n=233; adjusted hazard ratio [AHR], 1.39; 95% conﬁdence
interval [95% CI], 0.78 to 2.46) but higher among incident patients on home HD treated between 2008 and 2012
(n=1068; AHR, 1.51; 95% CI, 1.06 to 2.15). Relative to patients treated between 2003 and 2007, adjusted mortality
was similar among those treated between 2008 and 2012 (AHR, 0.83; 95% CI, 0.58 to 1.19) and those treated between
1996 and 2002 (AHR, 0.67; 95% CI, 0.38 to 1.21). The risk of the composite outcome of death and technique failure
was similar across cohorts, as was the risk of receiving a kidney transplant. Increasing age, diabetes as a
comorbidity, and smoking status were associated with an increased risk of death as well as the composite outcome.
Medium-sized facilities had a lower risk of death, technique failure, and the composite outcome compared with
larger facilities.
Conclusions A higher risk of technique failure was seen in the most contemporary era. Further characterization of the risk factors for, and causes of technique failure is needed to develop strategies to improve patient
retention on home HD.
Clin J Am Soc Nephrol 12: ccc–ccc, 2017. doi: https://doi.org/10.2215/CJN.13271216

Introduction
In Canada, in-center hemodialysis (HD) continues to
remain the predominant form of RRT (1). Born out of
the poor outcomes and escalating treatment costs for
patients treated with in-center HD, there is increasing
interest in achieving greater utilization of home HD
both by policymakers and providers. For patients,
home HD may offer several clinical beneﬁts, owing
largely to dialysis intensiﬁcation and the ability to
more easily increase dialysis frequency and duration
(2). Cardiovascular beneﬁts include improvements in
BP control, endothelial function, and left ventricular
geometry, whereas other clinical beneﬁts of home HD
have included enhanced clearance of middle-molecular uremic toxins, superior anemia, and phosphate
control, and improvements in sleep disorders, fertility, and pregnancy outcomes (3–7). Home HD has
been associated with a superior quality of life and
greater cost utility when compared with in-center
HD, where mean annual costs for home HD are
approximately $10,000 greater (8). When one also
www.cjasn.org Vol 12 August, 2017

accounts for the fact that, in the same study, individuals undergoing home HD were able to rejoin the
workforce, reduced costs are also realized for society
at large while simultaneously enhancing dialysis
patients’ quality of life.
Taken together, as a result, an increasing number of patients are receiving treatment with home
HD in Canada. The last 15 years has seen unprecedented growth in the absolute numbers of
patients treated with home HD in Canada (1,9).
Therefore, a critical and contemporary evaluation
of trends in home HD technique and patient
survival is needed. In this report, our primary
objective was to examine national trends over time
in home HD technique survival among incident
Canadian patients on home HD. Secondary objectives were to evaluate trends over time in patient
survival on home HD and the composite outcome
of patient and technique survival, as well as to
explore additional predictors of patient and technique survival.
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Materials and Methods
Study Design
This was a prospective observational cohort study of
consecutive adult patients (aged $18 years at the start of
home HD) who were registered in the Canadian Organ
Replacement Register (CORR) and who initiated home HD
between January 1, 1996 and December 31, 2012.
Data Source, Definitions, and Collection
Patients were identiﬁed from CORR, a national registry
that captures the incidence, prevalence, treatment changes,
and outcomes of .99% of patients on chronic dialysis and
solid organ transplant recipients in Canada (10). Data are
collected by completion of a registration form by the
dialysis provider on each patient at dialysis initiation,
and yearly thereafter. A change of status form is completed
to document patient death, transplantation, or a switch in
dialysis modality. CORR data have recently been validated
(11). Data from the province of Quebec were not included
because of the need for additional ethics and data permissions. We included all submodalities of home HD (conventional home HD, short daily home HD, and slow
nocturnal home HD). Information on speciﬁc home HD
technology was not available within CORR; however, with
regards to the NxStage system, this was not widely used
during any cohort period of the study as it was broadly
introduced into Canada in mid-to-late 2013 (personal
communication, Jeffrey Perl, NxStage Medical, Inc.).
The era of home HD initiation was the primary exposure
of interest. Other predictors were also explored in secondary analyses. Eligible patients included those who initiated
home HD as either as an incident dialysis modality or who
transitioned to home HD from a prior RRT. In order to
examine trends over time, three cohorts of patients who
initiated home HD were established: 1996–2002, 2003–2007,
and 2008–2012. The rationale for the selection of these three
cohort periods was on the basis of changes in home HD
utilization that took place during each of these three
periods.
Baseline comorbidities were documented by the individual facilities using the CORR registration forms. Information on the presence or absence of coronary artery
disease (angina, myocardial infarction, and coronary artery
bypass surgery), peripheral vascular disease, hypertension,
diabetes mellitus, and cerebrovascular disease were categorized as “yes,” “no,” and “unknown.” The unknowns
were combined into the no group. Diabetes was classiﬁed
as a single variable including diabetes as a comorbidity
(among those without presumed diabetic kidney disease)
or a cause of ESRD. Current smokers were documented as
those having smoked in the last 3 months. Comorbidities
were included in the determination of a validated comorbidity index for each patient (12). Body mass index was
calculated using the height and weight collected at the start
of dialysis. Facility size was calculated as the cumulative
number of new patients initiated on home HD over the
study period and was divided into tertiles as small,
medium, and large facilities. Vascular access within 90
days of home HD initiation, if available, was collected from
either baseline CORR registration forms or captured from
the annual cross-sectional facility survey as previously

described. However, information on vascular access type
was not formally captured on CORR forms until 2001.
Outcomes
The primary outcome was time to home HD technique
failure. Secondary outcomes included overall mortality and
the composite outcome of time to home HD technique
failure and/or mortality. Home HD technique failure was
deﬁned as a transfer to an alternate dialysis modality for
$60 days. For analyses examining time to home HD
technique failure, patients were censored at death, kidney
transplantation, and loss to follow-up or at the end of the
observation period (December 31, 2014). For the secondary
analysis examining time to death, analyses were performed
censoring patients at technique failure. However, all deaths
within 60 days of technique failure were included. In all
analyses of time to death, patients were censored at kidney
transplantation.
Statistical Analyses
Categorical variables were compared using the chisquared test. The Kruskal–Wallis test was used to analyze
differences between continuous variables.
We compared survival by era of home HD initiation and
additional predictors of outcomes using a marginal structural model with inverse probability of treatment and
censoring weighting (IPTCW). This method was used as
previously described to account for the competing risks of
kidney transplantation in all analyses and the competing
risks of death in analyses of time to technique failure. Use of
the IPTCW technique (13–15) allowed us to adjust for
measured covariates in a single summary propensity score
and simultaneously adjust for the effect of informative
censoring because of potential differences in the rates of
death and kidney transplantation between patients on
home HD over the three cohort periods. In the ﬁrst step,
propensity scores (PS) were determined as an estimate of
each study subject’s probability of initial cohort period
assignment on the basis of available covariates: age, sex,
race, cause of ESRD), weighting of comorbidities (diabetes
mellitus, coronary artery disease, peripheral vascular disease, malignancy, lung disease, pulmonary edema) on the
basis of a validated ESRD comorbidity index (12), body
mass index, province of treatment, home HD center size (as
previously described), vascular access type, and distance
from the HD facility. Because our exposure of interest was
not binary (i.e., three-level: 1996–2002 versus 2003–2007
versus 2007–2012), we used a generalized logit logistic
regression models (1996–2002 versus 2003–2007 and 2007–
2012 versus 2003–2007) using all available covariates to
calculate our PS. Area under receiver operating characteristic curves were evaluated to test the discriminatory
capacity of each model. In the second step, we determined
stabilized censoring weights by estimating: (1) the probability of remaining transplant free for each individual in
successive 1-year time intervals and (2) the probability of
remaining alive in each individual, in successive 1-year
time intervals. Each observation was then weighted both
by the inverse probability of initial cohort assignment (1/
PS) for each individual, and by each of the stabilized
censoring weights. In a similar approach among secondary
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analyses where death was the outcome of interest, IPTCW
analyses were weighted both by the propensity to remain
transplant free and free of technique failure. Given the
high rate of missing information on vascular access
type, a sensitivity analysis was performed only on patients
who had available information on vascular access type.
The study protocol and design was approved by the local
institutional research ethics broad. All analyses were performed using SAS software (version 9.1.3; SAS Institute
Inc, Cary, NC).

Results
Baseline Characteristics
Between 1996 and 2012, 1869 incident patients on home
HD were registered in CORR, including 233 patients who
initiated home HD from 1996 to 2002, 568 patients from
2003 to 2007, and 1068 patients from 2008 to 2012.
Table 1 lists the baseline characteristics of the study
population. Compared with patients who initiated home
HD between 1996 and 2002, patients in more contemporary cohorts were more likely to be older, not white, have
a higher use of a central venous catheter (CVC) as a HD
vascular access, have a higher body mass index, and have a
greater use of short daily HD as a home HD modality.
Diabetes as a cause of ESRD and as a comorbidity was
highest in the most contemporary cohort.
All-Cause Home HD Technique Failure by Era of Dialysis
Initiation
During follow-up, a total of 503 (27%) patients experienced home HD technique failure. Among these patients,
the median time to technique failure was 9.3, 6.7, and 4.6
years for patients initiating home HD in 1996–2002, 2003–
2007, and 2008–2012, respectively. Table 2 summarizes the
results from the IPTCW analyses. The overall rate of home
HD technique failure was 13.2 per 100 patient-years for the
entire cohort over the entire period of follow-up. When
patients on home HD were stratiﬁed by the period of
dialysis initiation, the unadjusted rates of technique failure
were 12.0 per 100 patient-years, 9.5 per 100 patient-years,
and 16.8 per 100 patient-years for patients in the 1996–
2002, 2003–2007, and 2008–2012 cohorts, respectively.
Patients initiating home HD between 2008 and 2012
had a higher adjusted risk of technique failure (adjusted
hazard ratio [AHR], 1.51; 95% conﬁdence interval [95%
CI], 1.06 to 2.15) compared with patients initiating home
HD between 2003 and 2007. The risk was signiﬁcantly
highest in the ﬁrst year of home HD (AHR, 2.45; 95% CI,
1.78 to 3.39). Data across other time intervals are in
Supplemental Tables 1 and 2. Patients initiating home
HD between 1996 and 2002 had a similar risk of technique
failure compared with patients initiating home HD between 2003 and 2007 (AHR, 1.39; 95% CI, 0.78 to 2.46).
Results were similar when restricted only to those patients
with available information on vascular access subtype (see
Supplemental Table 3).
All-Cause Mortality by Cohort Period of Home HD Initiation
and the Composite of Mortality or Technique Failure
A total of 269 patients (14%) died over the course of
follow-up. The rates of death were 7.3 per 100 patient-
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years, 7.9 per 100 patient-years, and 5.5 per 100 patientyears for the 1996–2002, 2003–2007, and 2008–2012 cohorts,
respectively. Table 2 summarizes the results from the
IPTCW analyses. When patients on home HD were
stratiﬁed by the period of dialysis initiation, there were
no signiﬁcant differences in the adjusted risk of death
across all three cohort periods. When the composite end
point of time to death or technique failure was examined,
there were no signiﬁcant differences in the adjusted risk
across all three cohorts (Table 2). Adjusted survival curves
for patient, technique survival, and the composite of
patient and technique survival is shown in Figure 1.
Additional Predictors of Mortality, Technique Failure, and
the Composite of Mortality and Technique Failure
Table 3 lists additional predictors of mortality, technique
failure, and the composite of death and technique failure.
Increasing age, diabetes as a comorbidity, and smoking
status were associated with an increased risk of death as
well as the composite of death and technique failure. Other
race was associated with an increased risk of death and the
composite of death and technique failure. Renovascular
disease, polycystic kidney disease, and a failed kidney
transplant as a cause of ESRD were associated with a lower
risk of the composite of death and technique failure
compared with diabetes as a cause of ESRD. Compared
with the initial use of a CVC, use of an arteriovenous (AV)
access was associated with a lower risk of technique failure
and the composite of death and technique failure. Increasing ESRD vintage was associated with a greater risk of
the composite of death and technique failure. Mediumsized facilities had a lower risk of death, technique failure,
and the composite end point compared with larger facilities. There was no signiﬁcant effect of home HD dialysis
modality on the risk of death or technique failure. Higher
neighborhood income quintile was associated with a lower
risk of death, technique failure, and the composite end
point.
Transplantation Events
Transplantation events occurred in 92 (40%), 203 (36%),
and 151 (14%) individuals in the 1996–2002, 2003–2007, and
2008–2012 cohorts, respectively. There were no differences
in the adjusted time to kidney transplantation among all
three cohorts. Compared with the 2003–2007 cohort, the
adjusted relative risk to kidney transplantation was 1.09 for
the 2008–2012 cohort (95% CI, 0.83 to 1.43) and 1.12 for the
1996–2002 cohort (95% CI, 0.78 to 1.61).

Discussion
In this nationally representative cohort of patients on
home HD, our main ﬁnding was that during a signiﬁcant
increase in home HD utilization in Canada between 1996
and 2012, we demonstrated a 51% higher relative risk of
home HD technique failure compared with the earliest
cohort. We also demonstrated no difference in the risk of
death or in the composite end point of death and technique
failure across all three incident cohorts.
Our ﬁndings build upon previous reports examining
patient and technique survival on home HD in Canada. The
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Table 1. Patient characteristics at home hemodialysis initiation in Canada during the period 1996–2012

Yr of Dialysis Initiation
Variable

1996–2002 (n=233)

Age, yr, mean6SD
49613
Race, n (%)
White
175 (75)
Asian
9 (4)
Black
12 (5)
Other
15 (6)
Unknown
22 (9)
Women, %
72 (31)
Primary diagnosis, n (%)
GN
48 (21)
Diabetes
49 (21)
Renal vascular disease
23 (10)
Polycystic kidney disease
37 (16)
Failed kidney transplant
8 (3)
Other
45 (19)
Unknown
23 (10)
Comorbid conditions, n (%)
Diabetesa
12(5)
Coronary artery disease
84 (36)
Peripheral vascular disease
24 (10)
Previous CVA
14 (6)
Smokerb
24 (10)
Vascular access type, n (%)c
AV access
50 (22)
CVC
24 (10)
Unknownc
159 (68)
BMI, median (IQR), kg/m2
25.1 (22.5–29.6)
ESRD vintage, yr, median (IQR)
0.8 (0.3–1.9)
Prior RRT, n (%)
None
7 (3)
In-center HD
207 (89)
PD
18 (8)
Kidney transplant
1 (0.4)
Facility size n (%)
Small (#1–4 patients)
34 (15)
Medium (5–9 patients)
68 (29)
Large ($9 patients)
131 (56)
Home hemodialysis modality, n (%)
Conventional
181 (78)
Short daily
5 (2)
Slow nocturnal
47 (20)
Neighborhood income quintile, n (%)
1
43 (19)
2
41 (18)
3
49 (21)
4
29 (12)
5
63 (27)
Unknown
8 (3)
Distance (in km) from the dialysis facility, n (%)
,15
109 (47)
15–25
20 (9)
25–50
30 (13)
50–75
13 (6)
75–100
14 (6)
.100
40 (17)
Unknown
7 (3)

P Value

2003–2007 (n=568)

2008–2012 (n=1068)

52614

53614

,0.001

392 (69)
49 (9)
25 (4)
61 (11)
41 (7)
182 (32)

740 (69)
63 (6)
71 (7)
139 (13)
55 (5)
374 (35)

0.001

109 (19)
119 (21)
69 (12)
57 (10)
41 (7)
99 (17)
74 (13)

176 (17)
292 (27)
111 (10)
120 (11)
83 (8)
175 (16)
111 (10)

0.01

37 (7)
174 (31)
49 (9)
27 (5)
46 (8)

97 (9)
281 (26)
69 (7)
58 (5)
108 (10)

0.05
0.04
0.07
0.6
0.4

214 (38)
149(26)
205 (36)
26.6 (22.7–31.5)
1.3 (0.3–3.1)

458 (43)
415(39)
195 (18)
27.9 (23.8–33.7)
0.9 (0.2–3.1)

,0.001

50 (9)
487 (86)
24 (4)
7 (1)

113 (11)
880 (82)
65 (6)
10 (1)

,0.01

23 (4)
93 (16)
452 (80)

47 (4)
240 (23)
781 (73)

,0.001

216 (38)
104 (18)
248 (44)

532 (50)
166 (16)
370 (35)

,0.001

73 (13)
96 (17)
124 (22)
132 (23)
134 (24)
9 (2)

156 (15)
180 (17)
213 (20)
257 (24)
244 (23)
18 (2)

0.02

260 (46)
67 (12)
78 (14)
35 (6)
35 (6)
86 (15)
7 (1)

536 (50)
146 (14)
145 (14)
52 (5)
39 (4)
133 (13)
17 (2)

0.06

0.2

,0.001
0.003

CVA, cerebrovascular accident; AV, arteriovenous; CVC, central venous catheter; BMI, body mass index; IQR, interquartile range.
a
Diabetes as a comorbidity among those without presumed kidney disease.
b
Smoking status at ESRD initiation.
c
Data on vascular access type were not collected until 2001.
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Table 2. Associations of era of home hemodialysis initiation with all-cause mortality, technique failure, and the composite of death and
technique failure

Death
Incident Cohort
Period
1996–2002
2003–2007 (ref)
2008–2012
Overall
1996–2002
2003–2007 (ref)
2008–2012
Overalla
1996–2002
2003–2007 (ref)
2008–2012
Yr 1a
1996–2002
2003–2007 (ref)
2008–2012

Technique Failure

Events

Event Rates/100
Patient-Yr

51
127
91

7.3
7.9
5.5
0.94 (0.68 to 1.31)
1
0.75 (0.56 to 0.99)

Events

Event Rates/100
Patient-Yr

Death and Technique Failure
Events

74
12.0
125
158
9.5
285
271
16.8
362
Unadjusted Hazard Ratio (95% CI)
1.10 (0.93 to 1.45)
1
1.51 (1.23 to 1.86)
Adjusted Hazard Ratio (95% CI)

Event Rates/100
Patient-Yr
19.3
17.4
22.3

1.03 (0.83 to 1.27)
1
1.19 (1.01 to 1.40)

0.67 (0.38 to 1.21)
1
0.83 (0.58 to 1.19)

1.39 (0.78 to 2.46)
1
1.51 (1.06 to 2.15)

1.11 (0.71 to 1.74)
1
1.25 (0.98 to 1.61)

0.67 (0.31 to 1.49)
1
0.71 (0.43 to 1.20)

1.49 (0.69 to 3.21)
1
2.45 (1.78 to 3.39)

1.19 (0.62 to 2.26)
1
1.84 (1.41 to 2.38)

ref, referent group; 95% CI, 95% conﬁdence interval.
a
Adjusted for age, sex, race, body mass, vascular access type, dialysis vintage, home hemodialysis modality, region, facility size, distance,
income quintile, primary diagnosis, diabetes, coronary artery disease, stroke, peripheral vascular disease, and smoking status.

Canadian Slow Long Nightly Extended Dialysis Programs
(CAN-SLEEP) collaborative group demonstrated unadjusted 1- and 5-year adverse event–free (the composite of
death and technique failure) survival of 95% and 80%
among a cohort of 247 patients undergoing nocturnal home
HD from three home HD sites in Canada between 1994 and
2006 (16). In contrast, in the most contemporary cohort in
this study, we observed 1- and 4-year event-free survival
rates that were signiﬁcantly lower at 79% and 63%. It is
possible that the superior outcomes in the CAN-SLEEP
cohort may relate to the inclusion of only selected centers
that tended to have subspecialized expertise in home HD
and patients that were exclusively treated with nocturnal
home HD.
Our rates of failure are signiﬁcantly lower than those
reported among patients on home HD in the United States
across all eras. We observed an 18% risk of technique
failure within the ﬁrst year of home HD initiation in the
most recent cohort. However, in a recent analysis by
Seshasai et al., among 2840 patients in the United States
who initiated home HD between 2007 and 2009, 25%
switched to an alternate dialysis modality by the ﬁrst year
of follow-up (17). Moreover, a recent interim analysis of the
Following Rehabilitation, Economics and Everyday-Dialysis
Outcome Measurements Study revealed that 22% of patients
discontinued home HD therapy by 12 months of treatment
(18). Further, a recent study by Weinhandl et al. reported 21.3
discontinuation events per 100 patient-years among 3400
patients on home HD, a rate signiﬁcantly higher than the
rates of 13.2 and 16.8 discontinuation events per 100 patientyears that we observed in the overall cohort and in our most
recent cohort, respectively (19).

Differences between discontinuation rates of home HD in
Canada and the United States may relate to case-mix
differences between the patients selected for and treated
with home HD. In this study, we found that increasing age,
diabetes as a cause of ESRD, and increasing dialysis vintage
were associated with a higher risk of death, technique
failure, or the composite end point. In the study by Seshasai
et al., patients had a higher median ESRD vintage at home
HD initiation of 2.1 years, which was signiﬁcantly greater
compared with the ESRD vintage in our cohort, which
ranged between 0.8 and 1.3 years depending on the era of
dialysis initiation (17). However, in their analysis, dialysis
vintage was not a predictor of home HD discontinuation
and the mean age of patients in their cohort was 52 years,
with 70% white and 30% with diabetes—patient characteristics that are similar to those seen in our home HD
cohort.
It is possible that the trends over time may have related
to additional modiﬁable practices rather than a change in
the case-mix of patients over time. Factors such as the
duration and quality of home HD training and education,
and the nature and degree of post home HD initiation care
(including nursing follow-up, availability of respite, and
frequency of clinic visits) could not be explored in this
analysis. In Canada, approximately 6 weeks is the typical
duration of home HD training across facilities, although
training periods tends to be shorter in the United States,
which may explain between-country differences in outcomes (20). In other countries with longer training times,
such as Australia and New Zealand, rates of discontinuation of home HD are signiﬁcantly lower at 25% after 2
years of follow-up (21). However, this may also relate to the
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Figure 1. | Direct adjusted patient survival, technique survival, and the composite of patient and technique survival among patients on
home hemodialysis demonstrating a higher risk of technique failure in the 2008–2012 cohort relative to the 2003–2007 cohort. (A) Patient
survival, (B) technique survival, and (C) patient and technique survival. 95% CI, 95% confidence interval; HHD, home hemodialysis.

higher rates of AV access use in patients on home HD in
Australia and New Zealand compared with those in
Canada (22). In Canada, a temporal decrease in
AV access use among patients on home HD was observed,
and AV access was demonstrated to be associated with a
lower risk of adverse events both in this study and in a
previous analysis by our group (23). Taken together, this
may suggest that reduction of CVC use among patients on
home HD may represent an opportunity to improve outcomes
among these patients.
In our most recent cohort, .34% of patients were
performing slow nocturnal HD at home, which may also
have negatively affected rates of home HD discontinuation
because of a potentially higher rate of patient burnout from
more intensive dialysis (24). Alternatively, one may postulate
that given that more intensive dialysis may be associated
with improved outcomes, this may be associated with a
lower risk of death and technique failure. However, home
HD modality is unlikely to have been a factor in our analysis
given that the increase in technique failure that we observed
in this analysis was adjusted for home HD modality.
Furthermore, although our analysis was not speciﬁcally
designed to address this question, nocturnal home HD
was not a signiﬁcant predictor of patient and technique
survival compared with other home HD modality types.
Other practice differences may relate to facility size.
Interestingly in our analysis, we found that patients treated

in middle-sized facilities had a lower risk of death and
technique failure. Among PD facilities, given that facility
size is an important determinant of PD technique failure,
we initially postulated that treatment at the largest tertile of
home HD facility size would be associated with the longest
patient and technique survival (25–28). However, it is
possible that among home HD facilities, the positive effect
of increased experience offered by larger facilities may have
been offset with a higher comfort level with the therapy and
less restrictive eligibility criteria for home HD compared with
their medium facility counterparts. In this regard, larger
facilities may be enriched with potentially sicker and more
marginal candidates, leading to higher rates of death and
technique failure.
Across programs, home HD technique failure rates are
increasingly recognized as an important clinical effectiveness measure and a potentially important quality improvement metric to track. However, similar to other large
observational studies, we could not elucidate the causes for
discontinuation off home HD. Unlike the causes of PD
technique failure that have been better studied, the causes
of home HD technique failure have not been as well studied
nor captured across large national registries (29). Possible
reasons for home HD discontinuation may include patient
and/or caregiver choice and burnout, vascular access
cannulation difﬁculties, a change in geographic location
or home environment that may no longer support home

Clin J Am Soc Nephrol 12: ccc–ccc, August, 2017

Home Hemodialysis Patient and Technique Survival, Perl et al.

7

Figure 1. | Continued.

HD, changes in physical and/or cognitive capacity that
may limit the ability to safely perform self-care dialysis,
and lastly, a change or absence of a caregiver to aid in
performing the home HD treatments. It is tempting to
speculate that the observation between higher neighborhood income quintile and a lower risk of adverse outcomes
that we observed may relate to differences in access to care
and availability of additional supports that may modify the
risk of home HD technique failure. In our most recent
cohort, we observed an increased risk of technique failure
events that tended to occur early in the ﬁrst year (Table 2).
In this regard, early failure events in the ﬁrst year may be
more easily modiﬁed than late events where technique
failure may be an indicator of a premorbid event stemming
from progressive cognitive or physical incapacity to perform home HD (16). Whether novel programs such as
increased peer-to-peer support, personal support worker–
supported home HD, and increased availability of respite
care can affect rates of home HD failure remains to be
evaluated via further prospective study.
Although we observed higher rates of home HD technique failure in the most contemporary cohort, this ﬁnding
needs to be interpreted in the context of the signiﬁcant
growth that home HD utilization has experienced in
Canada over the last 20 years. Although the absolute
number of patients has increased substantially, this
represents a change from ,1% of the Canadian ESRD
population to approximately 2.5% of the ESRD population

over the course of our study (1). With increasing interest
from both patients and providers, it is more likely that
home HD eligibility is being applied with less stringent or
different criteria than have been traditionally applied. In
this regard, patients with cardiac disease, large intradialytic weight gains, signiﬁcant dialysis-related hypotension,
or uncontrolled serum phosphorus may be increasingly
encouraged to consider home HD because of its purported
cardiovascular and biochemical beneﬁts. Although we
could not examine the reasons for home HD utilization
and dialytic and biochemical treatment parameters before
the initiation of home HD, patients in the most contemporary era were indeed older, with a greater burden of
diabetes. We believe that case-mix differences between
historical cohorts and the most contemporary cohort is the
primary reason that we observed the higher rates of home
HD technique failure in the most contemporary era.
However, it is encouraging that despite the change in
case-mix of patients in the most recent era, we did not
observe a higher risk of death and the composite of death
and technique failure among these patients.
Despite robust multivariable adjustment on the basis of
a number of variables, residual confounding may remain
on the basis of unmeasured differences between patients
and the lack of documented reasons for home HD initiation. Large administrative datasets, such as CORR, are
subject to limitations arising from data validity and the
availability of data elements that are relevant to the
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Figure 1. | Continued.

research question, particularly with regards to capture of
technique failure events. Comorbidities captured within
CORR have been recently validated and are therefore likely
to offer reliable information (11). Furthermore, of interest to
this analysis would have been important biochemical variables, such as serum albumin, phosphorus, and measurements of residual kidney function, that may have affected the
risk of home HD mortality and technique failure; however,
these were not available at the time of home HD initiation.
There was a signiﬁcant amount of missing information on
vascular access type that was not formally documented until
2001; however, a sensitivity analysis among subjects with
information on vascular access type did not appreciably
change the direction and magnitude of our primary ﬁndings
(Supplemental Table 3). Important facility-based characteristics, such as level of expertise in home HD and dedicated
resources for home HD, would have similarly been of
interest, particularly given a recent survey that demonstrated
wide variation in programmatic approaches to the care of
patients on home HD in Canada in domains of patient
recruitment, patient training, and patient follow-up (30).
In addition, given the small patient numbers by era, we
may have not been able to detect differences in patient and
technique survival when differences did exist. However,
we utilized a nationally representative data source with
comprehensive and national patient coverage, with the
exception of the province of Quebec. Lastly, the causes of
home HD technique failure would have provided impor-

tant insights in evaluating cause-speciﬁc trends over time
in patient and technique survival, but these were similarly
poorly captured in CORR.
In this analysis, we have provided extensive data
exploring patient and technique survival among patients
on home HD in Canada over a span of 16 years. In doing so,
we have demonstrated encouraging results with regards to
the long-term success of home HD in terms of patient and
technique survival. With increasing home HD utilization in
Canada, there has been no increase in the risk of death or
the composite of death and technique failure, but there has
been an increased risk of home HD technique failure. In this
regard, further prospective research is needed to elucidate
the causes of home HD technique failure, and to evaluate
novel strategies that may potentially modify the risk of
home HD technique failure in an effort to better support
patients to continue to receive dialysis treatment at home.
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Age, yr
18–34 (ref)
35–54
55–64
65–74
.75
Race
White (ref)
Asian
Black
Other
Men
Primary diagnosis
GN
Diabetes
Renovascular disease
Polycystic kidney disease
Failed kidney transplant
Other
Comorbid conditions
Diabetes
CADa
PVD
Previous CVA
Current smokera
Vascular access type
AV access
CVC (ref)
Body mass index, kg/m2
,18.5
18.5–24.9 (ref)
25–29.9
$30
ESRD vintage, per yr
Prior RRT
None
In-center hemodialysis
PD
Kidney transplant

No. of events

Variable

1
1.0 (0.65 to 1.56)
1.09 (0.68 to 1.76)
2.34 (1.43 to 3.9)
1.47 (0.79 to 2.74)
1
0.88 (0.51 to 1.50)
1.47 (0.87 to 2.49)
1.70 (1.16 to 2.50)
0.85 (0.66 to 1.10)
0.60 (0.39 to 0.93)
1
0.89 (0.60 to 1.34)
0.58 (0.35 to 0.97)
0.53 (0.27 to 1.06)
0.99 (0.67 to 1.48)
1.23 (0.80 to 1.9)
0.95 (0.67 to 1.36)
1.0 (0.65 to 1.58)
1.24 (0.58 to 2.67)
1.62 (1.17 to 2.25)
0.76 (0.52 to 1.10)
1
0.70 (0.26 to 1.89)
1
1.06 (0.73 to 1.54)
1.16 (0.83 to 1.60)
1.04 (0.99 to 1.10)
2.09 (1.1 to 3.97)
1
0.70 (0.41 to 1.19)
0.29 (0.04 to 2.39)

1
1.18 (0.60 to 2.30)
1.90 (0.75 to 4.80)
0.72 (0.41 to 1.29)
1.1 (0.76 to 1.50)
0.23 (0.12 to 0.45)
1
0.37 (0.21 to 0.65)
0.15 (0.06 to 0.38)
0.37 (0.13 to 1.04)
0.40 (0.23 to 0.70)
2.7 (1.60 to 4.40)
1.2 (0.80 to 1.70)
2.0 (1.30 to 3.10)
1.0 (0.60 to 1.70)
1.8 (0.99 to 3.40)
0.46 (0.29 to 0.71)
1
0.89 (0.4 to 1.97)
1
0.64 (0.40 to 1.00)
0.74 (0.43 to 1.38)
1.1 (0.99 to 1.18)
0.52 (0.18 to 1.44)
1
0.82 (0.41 to 1.66)
0.26 (0.03 to 2.30)

503
AHR (95% CI)

Technique Failure

1
3.40 (1.3 to 8.6)
5.90 (2.30 to 15)
6.40 (2.40 to 16.9)
16.5 (6.10 to 44.70)

269
AHR (95% CI)

Death

Table 3. Associations of additional covariates with all-cause mortality, technique failure, and the composite of death and technique failure

1.55 (0.88 to 2.73)
1
0.76 (0.49 to 1.17)
0.29 (0.06 to 1.42)

0.71 (0.36 to 1.38)
1
0.91 (0.68 to 1.22)
1.03 (0.79 to 1.34)
1.05 (1.01 to 1.10)

0.65 (0.48 to 0.87)
1

1.54 (1.1 to 2.14)
1.02 (0.79 to 1.33)
1.39 (1.03 to 1.88)
1.14 (0.67 to 1.94)
1.67 (1.27 to 2.21)

0.48 (0.33 to 0.69)
1
0.70 (0.51 to 0.97)
0.42 (0.27 to 0.66)
0.47 (0.26 to 0.83)
0.79 (0.57 to 1.10)

1
0.96 (0.64 to 1.43)
1.49 (0.92 to 2.30)
1.43 (1.01 to 2.02)
0.91 (0.73 to 1.13)

1
1.17 (0.79 to 1.73)
1.49 (0.99 to 2.3)
2.57 (1.65 to 3.99)
2.71 (1.70 to 4.3)

772
AHR (95% CI)

Death and Technique Failure
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0.74 (0.39 to 1.43)
0.66 (0.45 to 0.96)
1
1
1.09 (0.77 to 1.05)
0.99 (0.70 to 1.42)
0.89 (0.81 to 0.97)
1
0.74 (0.50 to 1.09)
0.54 (0.34 to 0.85)
0.54 (0.27 to 1.09)
1.32 (0.83 to 2.10)
0.72 (0.48 to 1.05)

1
0.69 (0.40 to 1.19)
1.03 (0.66 to 1.59)
0.94 (0.82 to 1.08)
1
0.87 (0.51 to 1.49)
0.64 (0.35 to 1.16)
1.6 (0.85 to 3.05)
1.04 (0.51 to 2.10)
1.16 (0.68 to 1.96)

Technique Failure

0.31 (0.12 to 0.82)
0.64 (0.41 to 1.00)
1

Death

1
0.75 (0.55 to 1.04)
0.55 (0.37 to 0.80)
0.74 (0.46 to 1.21)
1.25 (0.83 to 1.88)
0.82 (0.61 to 1.10)

1
0.97 (0.72 to 1.30)
0.98 (0.74 to 1.30)
0.90 (0.83 to 0.97)

0.60 (0.33 to 1.08)
0.63 (0.47 to 0.85)
1

Death and Technique Failure

AHR, adjusted hazard ratio; 95% CI, 95% conﬁdence interval; ref, referent group; CAD, coronary artery disease; PVD, peripheral vascular disease; CVA, cerebrovascular accident; AV,
arteriovenous; CVC, central venous catheter; PD, peritoneal dialysis.
a
All models adjusted for age, sex, race, body mass, vascular access type, dialysis vintage, home hemodialysis modality, region, facility size, distance, income quintile, primary diagnosis, diabetes,
coronary artery disease, stroke, peripheral vascular disease, and smoking status.

Facility size
Small (1–4)
Medium (5–9)
Large (.9)
Home hemodialysis modality
Conventional
Short daily
Slow nocturnal
Neighborhood income quintile
(per quintile increase)
Distance from the dialysis facility, km
,15
15–25
26–50
51–75
76–100
.100

Variable

Table 3. (Continued)
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Supplemental Table 1: Event counts for death, transplantation and technique
failure among Home Hemodialysis Patients by Era of Home Hemodialysis
Initiation

Event

Technique
Failure

Time From HHD Initiation

1996 - 2002

2003 - 2007

2008 -2012

< 6-months

27

39

148

6-months to 1-year

10

27

45

1-year to 2-years

12

35

34

> 2-years

25

57

44

< 6-months

11

6

21

6-months to 1-year

7

22

19

1-year to 2-years

16

48

59

> 2-years

58

127

52

< 6-months

9

18

20

6-months to 1-year

8

25

16

1-year to 2-years

9

27

30

> 2-years

25

57

25

Transplanted

Death

-

Supplemental Table 2: Associations of Era of Home Hemodialysis Initiation with
IntervalAll-Cause Mortality, Technique Failure and The Composite of Death and
Technique Failure by Year of Follow-up

Death and
Technique Failure
Adjusted Hazard Ratio (95% Confidence Intervals)
Year 2
1996-2002
2003-2007
(ref)
2008-2012
Year 3
1996-2002
2003-2007
(ref)
2008-2012

Death

Technique Failure

0.99 (0.30 – 3.25)

0.66 (0.26 - 1.65)

0.82 (0.39 – 1.71)

1

1

1

0.79 (0.45 - 1.39)

0.86 (0.51 - 1.43)

0.85 (0.58 - 1.25)

0.83 ( (0.29 – 2.37)

2.11 (0.61 – 7.25)

1.35 (0.57 – 3.22)

1

1

1

0.77 (0.38 – 1.56)

2.75 (1.41 – 5.36)

1.57 (0.97 – 2.53)

*Adjusted for age, sex, race, body mass, VA type, dialysis vintage, home HD
modality, region, facility size, distance, income quintile, primary diagnosis, diabetes,
coronary artery disease, stroke, peripheral vascular disease, smoker.

Supplemental Table 3: Results of The Piecewise Proportional Hazards Model for AllCause Mortality, Technique Failure and The Composite of Death and Technique Failure
Among Patients with available information on vascular access type*
Death
TF
Death and TF
Hazard Ratio (95% Confidence Intervals)
Overall
1996-2002
2003-2007
(ref)
2008-2012
Year 1
1996-2002
2003-2007
(ref)
2008-2012
Year 2
1996-2002
2003-2007
(ref)
2008-2012
Year 3
1996-2002
2003-2007
(ref)
2008-2012

0.68 (0.26 - 1.79)

1.14 (0.48 - 2.74)

1.33 (0.68 - 2.60)

1

1

1

0.72 (0.47 - 1.10)

1.54 (1.01 - 2.36)

1.15 (0.86 - 1.54)

0.26 (0.03 - 2.31)

1.75 (0.48 - 6.33)

1.37 (0.36 - 5.25)

1

1

1

0.74 (0.37 - 1.49)

1.54 (0.98 - 2.41)

1.26 (0.87 - 1.81)

1.61 (0.47 - 5.47)

0.32 (0.08 - 1.29)

1.04 (0.33 - 3.26)

1

1

1

0.60 (0.32 - 1.12)

0.97 (0.53 - 1.79)

0.76 (0.48 - 1.20)

0.66 ( (0.10 - 4.55)

2.66 (0.44 - 16.09)

1.65 (0.38 - 7.17)

1

1

1

0.86 (0.34 - 2.14)

2.45 (0.94 - 6.40)

1.61 (0.84 - 3.09)

N=75, (1996-2002), N=363, (2003-2007), N=873, (2008-2012)*Adjusted for age, sex,
race, body mass, VA type, dialysis vintage, home HD modality, region, facility size,
distance, income quintile, primary diagnosis, diabetes, coronary artery disease, stroke,
smoker.

