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Every year, about 3000 patients will start some form
of long-term dialysis therapy in Canada, a number
that is increasing steadily at 0.5% to 1.0% per year.1

In-centre (often hospital-based) intermittent hemodialysis is
the most common form of dialysis in Canada, accounting
for roughly 70% of all patients treated. However, home
dialysis modalities such as peritoneal dialysis are available in
most Canadian centres. Mortality rates associated with peri-
toneal dialysis are comparable to those associated with in-
centre hemodialysis, and peritoneal dialysis may offer sev-
eral other advantages, including improvements in quality of
life, higher patient satisfaction, maintenance of indepen-
dence, ability to travel and improved hemodynamic stabil-
ity.2–10 The various dialysis modalities are often complemen-
tary, and patients may transition among modalities over
their lifetimes. From the perspective of health care payers,
there are substantial cost advantages to peritoneal dialysis,
with average annual savings of about $20 000 per patient,
relative to in-centre hemodialysis. Given similar patient sur-

vival and cost-effectiveness and other advantages, many
Canadian jurisdictions have informally adopted a “peri-
toneal dialysis first” approach for the delivery of renal
replacement therapy.

Numerous factors at the patient, facility and geographic
levels have been reported to independently influence the use
of peritoneal dialysis. A patient’s suitability for peritoneal
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Background: Peritoneal dialysis is associated with similar survival and similar improvement in quality of life and is less costly compared
with in-centre hemodialysis. We examined facility and geographic variation in the use of peritoneal dialysis in Canada.

Methods: We analyzed data from the Canadian Organ Replacement Register for the period January 2001 to December 2010. We
identified patients for whom peritoneal dialysis was the primary modality at 90 days after initiation of dialysis. We used multilevel models
to evaluate variation in use of peritoneal dialysis by facility and geographic region.

Results:We analyzed data for 31 778 incident dialysis patients at 56 facilities in 13 geographic regions across Canada. Use of peri-
toneal dialysis at 90 days varied considerably across geographic regions (range 19.8%–36.1%) and declined over time, from 28.8% in
2001 to 22.5% in 2010. After adjustment for case mix and facility-level quality indicators, 9.3% and 3.4% of the variability was attributable
to facility and geographic factors, respectively. In adjusted models, there was a substantial difference between geographic regions with
the lowest and highest peritoneal dialysis use (odds ratio for high use 1.51, 95% confidence interval [CI] 1.33–1.73 v. odds ratio for low
use 0.69, 95% CI 0.60–0.79).

Interpretation: In Canada, substantial variability in the use of peritoneal dialysis attributable to facility and geographic region was not
explained by differences in patient case mix. An opportunity exists to optimize use of this cost-effective therapy through changes in
policy and standardization of criteria for initiation of peritoneal dialysis.
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dialysis may be determined by the presence of comorbidities,
such as cardiac disease and obesity, and by demographic
factors, such as ethnic origin, rural residence and age.11–16

Regional and facility-level factors such as local expertise,
individual physicians’ opinions and knowledge of peritoneal
dialysis, size of the dialysis program, presence and duration
of predialysis care, reimbursement and standardized educa-
tion about dialysis modalities are associated with use of peri-
toneal dialysis.17–21 Considering the multitude of factors that
may influence use of this type of renal replacement therapy,
along with the lack of standardized, evidence-based criteria
for determining a patient’s suitability, it follows that there
may be considerable variation in use of peritoneal dialysis
across facilities and geographic regions, and the optimal
application of peritoneal dialysis remains unknown.17 Under-
standing to what extent patient-level versus geographic and
facility-level variables account for the variation in use of
peritoneal dialysis would aid in the design of future policy
interventions. For example, variation due to geographic or
facility-level differences might be successfully addressed by
health policy, whereas variation in peritoneal dialysis uptake
attributable to patients’ biological characteristics would
likely not. To date, no studies have quantified the relative
contributions of facility and geographic factors to the deci-
sion to use peritoneal dialysis, but this information would
facilitate the development of quality improvement programs.

Our objective was to determine the degree of variation in
use of peritoneal dialysis across geographic regions in Canada
and to estimate the influence of facility-level and regional
characteristics on any such variation. We hypothesized that
significant variability occurs at the facility and regional level,
which would be potentially amenable to policy interventions.

Methods

Population and data sources
We obtained data for incident dialysis patients (patients for
whom dialysis had been newly initiated) who were registered
in the Canadian Organ Replacement Register from January
2001 to December 2010. We included all adult patients
(> 18 yr) whose modality of dialysis at the time of initiation
was known. Data were collected until patients died, received
a kidney transplant or were lost to follow-up or until the
end of study period (Dec. 31, 2010). The Canadian Organ
Replacement Register is a validated registry that records data
for all patients with end-stage renal disease in Canada (demo-
graphic characteristics, comorbidities, dialysis modality, vas-
cular access, transplantation and death).1,22 Data from Quebec
were not included because of the need for additional ethics
and data permissions.

Cohort definitions
The cohort definitions have been previously reported.11 In
brief, we identified patients for whom peritoneal dialysis was
listed as the primary modality at 90 days after initiation of
dialysis. The period of 90 days was chosen to allow time for
medical stabilization and receipt of education about dialysis

modalities for patients with short periods of predialysis care,
such as those with acute kidney injury leading to end-stage
renal disease. Patients’ demographic characteristics (age, sex,
ethnic origin, body mass index) and comorbidities (angina,
acute coronary syndrome, pulmonary edema, diabetes melli-
tus, stroke, peripheral vascular disease, malignancy, lung dis-
ease, hypertension medications, current smoker, coronary
artery bypass graft, serious illness) were captured at the time
of dialysis initiation. Serious illness was defined as any illness
that could shorten life expectancy to less than 5 years. We
used the interval between the date of a patient’s first visit
with a nephrologist and the date of dialysis initiation to esti-
mate the length of predialysis nephrology care. We calcu-
lated distance to the dialysis centre as the direct linear dis-
tance (in kilometres) from the patient’s primary residence
(by postal code) at the time of dialysis initiation to the near-
est dialysis provider using Vincenty’s formula,23 with stratifi-
cation according to a previous Canadian report.24 Individual
patients and dialysis facilities were de-identified. Geographic
regions were created by the Canadian Organ Replacement
Register and were designed to maintain anonymity of
partici pating centres. The geographic regions were Atlantic
(consisting of 2 regions: Newfoundland and Labrador, New
Brunswick and Prince Edward Island combined, and Nova
Scotia), Ontario (subdivided into greater Toronto and north-
ern, eastern and western regions), Manitoba, Saskatchewan,
Alberta (subdivided into northern and south regions) and
British Columbia (subdivided into Vancouver, eastern region
and “other”). We also extracted certain laboratory values
(hemoglobin, albumin and phosphate) that were recorded at
the time of dialysis initiation.

Facility-level variables were based on measures associated
with clinical outcomes.25–28 These variables included the pro-
portion of patients who received dialysis via a central venous
catheter, whether the facility offered renal transplantation,
mean hemoglobin and phosphate levels at dialysis initiation for
patients treated at the centre, mean distance (in kilometres)
between patients’ primary residence and nearest dialysis facil-
ity, and the size of the centre (i.e., total number of patients
treated over the study period). 

In separate sensitivity analyses, we identified patients who
initiated dialysis with the peritoneal modality (i.e., peritoneal
dialysis from day 1 of dialysis therapy) and patients who
started peritoneal dialysis at any time during the study period
(i.e., not limited to initiation in the first 90 days).

Statistical analysis
We compared patient, facility and geographic characteristics
across patients receiving peritoneal dialysis and those receiv-
ing intermittent hemodialysis. Continuous variables of inter-
est were summarized as means (with standard deviations) or
medians (with interquartile ranges), as appropriate. Differ-
ences in characteristics were determined by the Student t test
or the Mann–Whitney U test for continuous variables and the
χ2 test for dichotomous variables.

We examined facility and geographic variations using mul-
tilevel modelling, with patients nested within facilities and
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facilities nested within geographic regions. We used a 3-level
logistic model to assess variables associated with peritoneal
dialysis. Variation in the multilevel model was determined by
intraclass correlation.29,30 The intraclass correlation coefficient
is the ratio of variance between levels in a multilevel model to
variance within each level. In our study, the intraclass correla-
tion coefficient determined the proportion of variation in use
of peritoneal dialysis that was due to being a member of a
particular group, such as patient group, facility or geo-
graphic region, and is reported as a percentage.31,32 Only
facilities that offered peritoneal dialysis were included in the
analysis. Models were adjusted for facility-level factors (per-
centage of patients with central venous catheter, transplanta-
tion facility, mean hemoglobin level, mean phosphate level,
number of patients) and patient case mix (age, sex, body mass
index, ethnic origin, comorbidities, distance to facility, dura-
tion of predialysis care, hemoglobin, albumin and phos-
phate). We then created unadjusted, fully adjusted and reduced
models. Variables were included in the reduced models if the
p value was less than 0.01 in the full model and were retained
if the p value remained less than 0.05 in the reduced model.
Finally, we calculated the odds ratios for initiation of early
dialysis by geographic region in a separate 2-level multilevel
logistic model adjusted for patient case mix and facility-level
factors listed previously. We created separate multilevel mod-
els to examine use of peritoneal dialysis at dialysis initiation
and use of peritoneal dialysis at any time.

We employed multiple imputation for missing values, with
a random draw from the predictive distribution from an
imputation model repeated 10 times.33 Analyses were per-
formed using PASW version 18 (IBM, Armonk, New York)
and SAS version 9.3 (SAS Institute Inc., Cary, North Carolina).

All hypothesis tests were 2-sided with statistical significance
determined by a p value of less than 0.05.

Results

Over the 10-year study period, a total of 31 778 incident
dialy sis patients in 56 facilities across 13 geographic regions
met our inclusion criteria. Patients who were receiving peri-
toneal dialysis by 90 days were younger, more likely to be
female and more likely to have received predialysis care and
had fewer comorbid conditions (Table 1). Patients receiving
peritoneal dialysis were also more likely to have higher
hemoglobin and lower serum phosphate and to live further
from a dialysis facility. Aboriginal patients accounted for a
smaller proportion of patients receiving peritoneal dialysis
(compared with those not receiving peritoneal dialysis),
whereas East Asian patients accounted for a higher propor-
tion of patients receiving peritoneal dialysis (compared with
those not receiving peritoneal dialysis).

Of the patients included in the analysis, 8091 (25.5%)
were receiving peritoneal dialysis at 90 days. There was a
downward trend in use of peritoneal dialysis, from 28.8%
(767/2663) in 2001 to 22.5% (877/3898) in 2010. Use of
peritoneal dialysis was highest in the greater Toronto region
(36.1%), followed by Vancouver (32.6%) and eastern British
Columbia (28.5%) (Figure 1). The lowest use of peritoneal
dialysis was observed in northern Alberta (20.9%), the
Atlantic provinces excluding Nova Scotia (20.3%) and eastern
Ontario (19.8%).

In an unadjusted (intercept-only) model, dialysis facility
and geographic region accounted for 13.8% and 1.1% of
the variation in use of peritoneal dialysis (Table 2). After
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Figure 1: Crude proportion of patients undergoing peritoneal dialysis by 90 days in each geographic region (from west to east). For each region,
the denominator was all patients who received renal replacement therapy (hemodialysis, peritoneal dialysis or pre-emptive transplantation) dur-
ing the study period (n = 31 778). Van = Vancouver, British Columbia; BC = British Columbia; AB = Alberta; SK = Saskatchewan, MB = Manitoba,
ON = Ontario; TO = Toronto, Ontario; NS = Nova Scotia; NB = New Brunswick; NL = Newfoundland and Labrador; PEI = Prince Edward Island.
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Table 1: Baseline characteristics of patients with and without peritoneal dialysis by 90 days after 
dialysis initiation 

Characteristic 
Peritoneal dialysis 

n = 8 091 
No peritoneal dialysis 

n = 23 687 p value* 

Age, yr, mean ± SD 60.3 ± 16.4   65.3 ± 15.3 < 0.001 

Sex, no. (%) female 3 431 (42.4) 9 498 (40.1) < 0.001 

Body mass index, mean ± SD 26.8 ± 5.7 27.7 ± 6.8 < 0.001 

Self-reported ethnic origin, no. (%) of patients    < 0.001 

White 5 542 (68.5) 17 268 (72.9)  

East Asian 712   (8.8) 1 374   (5.8)  

Black 291   (3.6) 734   (3.1)  

South Asian 364   (4.5) 900   (3.8)  

Aboriginal 429   (5.3) 1 327   (5.6)  

Other 396   (4.9) 1 350   (5.7)  

Unknown 357   (4.4) 734   (3.1)  

Predialysis care > 30 d, no. (%) of patients 7 387 (91.3) 17 481 (73.8) < 0.001 

Comorbidities, no. (%) of patients    

Angina 1 416 (17.5) 6 088 (25.7) < 0.001 

Acute coronary syndrome 1 448 (17.9) 6 040 (25.5) < 0.001 

Pulmonary edema 1 384 (17.1) 7 201 (30.4) < 0.001 

Diabetes mellitus 3 495 (43.2) 11 299 (47.7) < 0.001 

Stroke 930 (11.5) 3 908 (16.5) < 0.001 

Peripheral vascular disease 1 246 (15.4) 5 353 (22.6) < 0.001 

Malignancy 752   (9.3) 3 600 (15.2) < 0.001 

Lung disease 615   (7.6) 3 340 (14.1) < 0.001 

Hypertension medications 7 217 (89.2) 20 181 (85.2) < 0.001 

Current smoker 955 (11.8) 3 174 (13.4) < 0.001 

Coronary artery bypass graft 971 (12.0) 3 908 (16.5) < 0.001 

Serious illness 761   (9.4) 3 743 (15.8) < 0.001 

No. of comorbidities, mean ± SD 2.6 ± 1.7 3.3 ± 2.0 < 0.001 

Cause of ESRD, no. (%) of patients < 0.001 

Hypertension 1 398 (17.3) 4 815 (20.3)  

Diabetes mellitus 2 904 (35.9) 8 533 (36.0)  

Glomerulonephritis 1 578 (19.5) 3 486 (14.7)  

Obstruction 178   (2.2) 640   (2.7)  

Interstitial 185   (2.3) 616   (2.6)  

Polycystic kidney disease 499   (6.2) 876   (3.7)  

Other 801   (9.9) 2 561 (10.8)  

Unknown 548   (6.8) 2 160   (9.1)  

Hemoglobin, g/L, mean ± SD 108.1 ± 16.5 100.4 ± 17.4 < 0.001 

Phosphate, mmol/L, mean ± SD   1.82 ± 0.56   1.94 ± 0.69 < 0.001 

Distance to facility, km, median (IQR) 15.6 (6.3–66.4) 10.6 (4.6–44.2) < 0.001 

< 50 5 696 (70.4) 18 192 (76.8) < 0.001 

50–150 1 440 (17.8) 3 600 (15.2)  

> 150 955 (11.8) 1 895   (8.0)  

Geographic region,† no. (%) of patients   < 0.001 

Atlantic 752   (9.3) 2 392 (10.1)  

Ontario 4 313 (53.3) 12 791 (54.0)  

Prairies 1 278 (15.8) 4 832 (20.4)  

British Columbia  1 748 (21.6) 3 672 (15.5)  

Note: ESRD = end-stage renal disease, IQR = interquartile range, SD = standard deviation.  
*Statistical testing for all continuous variables was by Student t test, except for median distance to facility, for which the Mann–
Whitney U test was used. Categorical variables were examined by the χ2 test. 
†Atlantic provinces consist of Prince Edward Island, Nova Scotia, New Brunswick, and Newfoundland and Labrador. Prairie provinces 
consist of Manitoba, Saskatchewan, and Alberta. For the purposes of data analysis, Ontario was subdivided into 4 regions, British 
Columbia was subdivided into 3 regions, Alberta was subdivided into 2 regions, and data for Prince Edward Island, New Brunswick, 
and Newfoundland and Labrador were combined. 
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adjustment for case mix and facility-level factors, the varia-
tion was 9.3% and 3.4%, respectively. Results were similar
in a reduced model that included only statistically signifi-
cant variables. Additional models examining peritoneal
dialy sis from initiation of therapy and use of peritoneal
dialy sis at any time demonstrated comparable levels of facil-
ity and geographic variation (Table 2). Notably, facility and
geographic variation declined with length of the assessment
period of peritoneal dialysis use (peritoneal dialysis at any
time < peritoneal dialysis at 90 days < peritoneal dialysis on
initiation of therapy).

Table 3 shows factors associated with use of peritoneal
dialysis at 90 days. Facilities with greater use of central venous
catheters had lower use of peritoneal dialysis. Patient charac-
teristics associated with use of peritoneal dialysis at 90 days
included younger age, female sex, Asian ethnic origin, lower
body mass index, less comorbidity, greater distance from a
dialysis facility and predialysis care. Higher hemoglobin level
and lower phosphate level were also associated with use of
peritoneal dialysis.

Figure 2 shows the odds ratios for use of peritoneal dialysis
adjusted for facility and case mix in different geographic
regions. With Manitoba as the referent, there was more than

2-fold difference in use of peritoneal dialysis between high-use
regions (Toronto and Vancouver) and low-use regions (north-
ern Alberta, western and eastern Ontario, other areas of British
Columbia and the Atlantic provinces excluding Nova Scotia).

Table 2: Multilevel model of unadjusted and adjusted 
variation in use of peritoneal dialysis, at the facility and 
geographic levels* 

 Level of variation;  
intraclass correlation coefficient, % 

Model 
Geographic 

region Facility 

Peritoneal dialysis at 90 d 

Unadjusted 1.1 13.8 

Fully adjusted 3.4   9.3 

Reduced 3.2   8.8 

Peritoneal dialysis  
at initiation of therapy 

Unadjusted 1.1 15.7 

Fully adjusted 4.0 11.4 

Reduced 3.7 10.7 

Peritoneal dialysis  
at any time 

Unadjusted 0.6 11.8 

Fully adjusted 2.0   7.7 

Reduced 1.7   7.3 

*The analysis involved 13 geographic regions, 56 facilities and 31 778 patients. 
The fully adjusted model included the following covariates: for facility-level 
factors, percentage of patients with a central venous catheter, transplantation 
facility, mean serum hemoglobin and phosphate, mean distance of patient’s 
residence from nearest dialysis centre and number of patients served; for patient 
case mix, age, sex, body mass index, ethnic origin, comorbidities, distance to 
facility, length of predialysis care, serum hemoglobin, serum phosphate and 
serum albumin. The reduced model included the following covariates: for facility-
level factors, percentage of patients with a central venous catheter; and for 
patient case mix, age, sex, body mass index, ethnic origin, cause of end-stage 
renal disease, comorbidities, distance to facility, length of predialysis care, serum 
hemoglobin and serum phosphate. 

Table 3: Variables associated with use of peritoneal dialysis 
(reduced multilevel model) 

Variable OR (95% CI) 

Facility-level  

Use of central venous catheter,  
per 1% increase 

0.96 (0.93–0.99) 

Patient-level  

Age, per yr 0.98 (0.98–0.98) 

Sex, male 0.93 (0.88–0.98) 

Body mass index, per unit increase 0.98 (0.97–0.98) 

Hemoglobin, per 1-g/L increase 1.02 (1.02–1.02) 

Phosphate, per 0.5-mmol/L increase 0.91 (0.88–0.93) 

Predialysis care > 30 d 3.04 (2.78–3.31) 

Comorbidities  

Angina 0.86 (0.80–0.93) 

Pulmonary edema 0.71 (0.66–0.77) 

Diabetes mellitus 0.74 (0.67–0.82) 

Stroke  0.81 (0.74–0.88) 

Peripheral vascular disease 0.86 (0.79–0.92) 

Malignancy 0.74 (0.68–0.82) 

Lung disease 0.71 (0.64–0.78) 

Hypertension medications 1.38 (1.26–1.50) 

Serious illness 0.66 (0.60–0.72) 

Distance from facility, km  

< 50 (ref) 1.00  

50–150 1.83 (1.68–1.98) 

> 150 2.52 (2.26–2.80) 

Cause of end-stage renal disease  

Hypertension 1.02 (0.90–1.15) 

Diabetes mellitus 1.48 (1.28–1.70) 

Glomerulonephritis 1.29 (1.14–1.47) 

Obstruction 0.86 (0.70–1.06) 

Interstitial 0.85 (0.69–1.03) 

Polycystic kidney disease 1.03 (0.87–1.20) 

Other 1.02 (0.89–1.17) 

Ethnic origin  

White (ref) 1.00  

East Asian 1.18 (1.05–1.32) 

Black 1.01 (0.86–1.18) 

South Asian 0.90 (0.78–1.04) 

Aboriginal 0.70 (0.61–0.80) 

Other 1.12 (0.96–1.29) 

Unknown 0.96 (0.84–1.09) 

Note: CI = confidence interval, OR = odds ratio, ref = reference group. 
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Interpretation

In this study of more than 30 000 patients with incident end-
stage renal disease in Canada, we found significant variation in
the use of peritoneal dialysis in relation to the treating facility
and the geographic region. The high degree of variation per-
sisted after we accounted for a large number of patient- and
facility-related factors that are known to influence use of peri-
toneal dialysis. Patients initiating dialysis in regions with high
use of peritoneal dialysis, such as large urban centres, were
significantly more likely to be started on peritoneal dialysis
than patients in the lowest-use regions. In a publicly funded,
universal health care system, this high level of measured vari-
ability in use of peritoneal dialysis at the facility and geo-
graphic level represents a possible area for improvement and
may be amenable to health policy initiatives.

The large degree of unadjusted variability observed in this
study could be explained by the presence of sicker patients at
particular facilities or regions (i.e., case mix); however, signifi-
cant variation persisted after we accounted for a large number
of patient-related and facility-level factors. This result sug-
gests that local and regional influences, such as physician pref-
erence, quality of predialysis care, availability of hemodialysis
facilities and education about dialysis modalities may con-
tribute to uptake of peritoneal dialysis.19,34 An important con-
tributor to physician preference is the lack of evidence-based,
standardized, “absolute” criteria for eligibility for peritoneal
dialysis. In the absence of such evidence, opinion-based rec-
ommendations, local champions and advocates, and anecdote
often serve as guides to eligibility, which may in turn contribute

to the observed regional heterogeneity. This phenomenon was
recently reported for 630 incident dialysis patients from a sin-
gle provincial renal program.35 In that study, the adjusted odds
ratio for starting patients on peritoneal dialysis ranged from
0.32 to 3.95 among peer nephrologists. This high degree of
variability was surprising, considering that the physicians
belonged to a shared provincial program with many standard-
ized processes (excluding referral and eligibility for peritoneal
dialysis). The variability among peer nephrologists35 was con-
sistent with the results of a survey of nephrologists regarding
patient suitability for peritoneal dialysis.36

Another important contributor to variation in use of dif-
ferent dialysis modalities is patient choice. Canada still allows
patients who are medically suitable for any modality to select
the dialysis modality. Other countries, including Hong Kong,
have limited patient choice by implementing a “peritoneal
dialysis first” strategy, whereby the government covers the
costs of dialysis therapy only if patients choose peritoneal
dialysis.37 This strategy has been successful, resulting in a
prevalence of peritoneal dialysis of over 80% in Hong Kong,
whereas in jurisdictions without a similar policy and the
application of patient preferences, such as Canada and
Europe, the historical prevalence of peritoneal dialysis is
roughly 20% to 25%.37

We used the intraclass correlation coefficient to measure
variability at the facility and geographic level, which allowed
quantification of peritoneal dialysis use and comparisons
between health care systems. In our study, the measured
variability in peritoneal dialysis uptake at the facility level
was comparable to other reported facility-level variations in

Eastern BC 

Other, BC 
0.75 (0.63–0.90) 

Vancouver, BC 
1.51 (1.33–1.73) 

Northern Alberta 
0.70 (0.60–0.81) 

1.29 (1.07–1.54) 

Southern Alberta 
1.04 (0.89–1.21) 

Saskatchewan 
0.89 (0.76–1.04) 

Manitoba 
Referent 

Northern Ontario 
0.95 (0.81–1.11) 

Western Ontario 
0.75 (0.67–0.85) 

Toronto, Ont. 
1.51 (1.33–1.73) 

Eastern Ontario 
0.69 (0.60–0.79) 

Nova Scotia 
0.91 (0.77–1.08) 

NB/NL/PEI 
0.72 (0.62–0.85) 

Figure 2: Adjusted odds ratios (with 95% confidence intervals) for use of peritoneal dialysis at 90 days across geographic regions of Canada.
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dialysis care. For example, 2 US studies reported facility-
level variations of 7.6% in use of arteriovenous fistula38 and
11.5% in achievement of dialysis adequacy39 among 173 facil-
ities. Numerous studies have achieved improvements in
patient care metrics by targeting a decrease in variability
through quality improvement programs.40,41 Appropriate
health care policies, such as national standardization of eligi-
bility criteria for peritoneal dialysis and adoption of best
practices for programs with high use of peritoneal dialysis,
could be easily implemented and could be followed using
national administrative data sets measuring changes in vari-
ability. Given that many countries collect national-level data
for patients with end-stage renal disease, measures of
regional variability in use of peritoneal dialysis could allow
international comparisons and analysis of differences in
patient comorbidities and demographic characteristics.

We observed a small but steady decline in use of peritoneal
dialysis over the decade from 2001 to 2010. Similar (but
larger) declines have been reported in large dialysis registries
and globally.37,42 The decline that we observed may have been
lower than that in other countries, possibly because of promo-
tion of home modalities through physician remuneration, lim-
itations on the availability of in-centre hemodialysis and
strong education about peritoneal dialysis during residency
and fellowship training. Nevertheless, the overall decline in
peritoneal dialysis in Canada likely reflects, in part, the shift in
demographic characteristics among patients with end-stage
renal disease (older patients with an increasing number and
severity of comorbid conditions).1

Numerous factors were associated with use of peritoneal
dialysis, including younger age, fewer comorbid illnesses, pre-
dialysis care and greater distance from residence to dialysis
facility. In the absence of assisted peritoneal dialysis programs,
the physical and mental ability to perform the peritoneal
dialy sis procedure is a key rate-limiting step to its widespread
use. Advancing age coupled with a high burden of comorbid
illnesses would therefore limit its use.15,43 Use of peritoneal
dialysis was significantly increased in association with relevant
education and awareness, which in turn rely on access to
nephrology care and services. Several studies have demon-
strated that predialysis programs for patients with chronic
kidney disease that incorporate education about home dialysis
modalities are associated with greater uptake of peritoneal
dialysis.15,44–47 Canada is a vast, geographically diverse country
with many sparsely populated rural areas; however, the ma -
jority of hemodialysis facilities are located in larger, urban
centres. It follows that residence in an area remote from such
facilities would be associated with increased use of peritoneal
dialysis. Previous studies have reported that lower numbers of
peritoneal dialysis patients treated at a facility were associated
with increases in technique failure and death.48 In our study,
facility size was not significantly associated with use of peri-
toneal dialysis. An interesting observation was the ethnic dis-
parities in peritoneal dialysis uptake, with use of peritoneal
dialysis being low among Aboriginal patients and high among
those of East Asian background. The reasons for these dispari-
ties are unclear, but they have been consistently described and

may partially explain the higher use of peritoneal dialysis in
the large, urban centres of Vancouver and Toronto.12,49

One potential barrier to the initiation of peritoneal dialysis
is the requirement for insertion of a catheter, and access to
resources for doing so may vary from region to region. This
situation may partly explain the decline in variability of peri-
toneal dialysis use among dialysis centres with increased dura-
tion of dialysis. For example, variability among facilities was
almost 2% lower for patients receiving peritoneal dialysis by
90 days after initiation of dialysis than for patients whose ther-
apy began with peritoneal dialysis. Bedside insertion of peri-
toneal dialysis catheters by a nephrologist has improved use of
peritoneal dialysis by circumventing possible surgical barri-
ers.50–52 Other issues leading to regional variation include avail-
ability of home care–assisted peritoneal dialysis programs,
proportion of cases requiring emergent initiation of dialysis,
physician reimbursement and in-centre capacity for intermit-
tent hemodialysis.43,53,54

Our findings are strengthened by the use of multilevel
(hierarchic) models that appropriately accounted for within-
facility and geographic region clustering, in contrast to the
traditional logistic and linear regression models used in pre-
vious studies, which have consistently led to inflated effect
estimates.31 We have reported the intraclass correlation coef-
ficient, which is an increasingly recognized metric for
describing variability in complex environments, such as
health care systems.41,55 Our models accounted for a large
number of patient- and facility-level characteristics, and our
findings were consistent over a number of sensitivity analyses.
We examined variation at the level of facilities rather than
individual physicians, because many nephrology practices in
Canada use shared-care models. Because Canada has univer-
sal, government-funded health care, this study of peritoneal
dialysis use was not confounded by the presence of private
(for-profit) dialysis services.

Limitations
Our study had certain limitations. We examined registry data
and therefore lacked information about why patients who
were not receiving peritoneal dialysis were deemed ineligible
for this form of therapy (e.g., poor functional status, patient
preference, cognitive capacity, socioeconomic factors). We
also did not have information on individual physicians to
determine whether observed variability was due to decision-
making by individual physicians or systematic processes at the
facility level. Information on satellite hemodialysis units was
not captured, and we did not include patients from Quebec.
We were unable to account for assisted peritoneal dialysis
programs, which may make it easier for patients to use peri-
toneal dialysis, especially in urban areas.

Conclusion
Across Canada, the use of peritoneal dialysis varies consider-
ably according to the treating facility and the geographic
location. Because peritoneal dialysis offers comparable med-
ical outcomes, improved quality of life and increased patient
satisfaction, attempts to minimize regional and facility-level
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variation in the use of this form of dialysis seem reasonable.
Although an optimal target remains unknown, increases in
use of peritoneal dialysis achieved through health policy
interventions could lead to substantial yearly cost savings to
the health care system without diminishing and possibly
improving patient outcomes. Coordinated plans to standard-
ize and optimize implementation of peritoneal dialysis should
be considered.
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