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Abstract

Background: Eligible patients with kidney failure should have equal access to kidney transplantation. Transplant referral is
the first crucial step toward receiving a kidney transplant; however, studies suggest substantial variation in the rate of kidney
transplant referral across regions. The province of Ontario, Canada, has a public, single-payer health care system with 27
regional chronic kidney disease (CKD) programs. The probability of being referred for kidney transplant may not be equal
across CKD programs.

Objective: To determine whether there is variability in kidney transplant referral rates across Ontario’s CKD programs.
Design: Population-based cohort study using linked administrative health care databases from January 1, 2013, to November
[, 2016.

Setting: Twenty-seven regional CKD programs in the province of Ontario, Canada.

Patients: Patients approaching the need for dialysis (advanced CKD) and patients receiving maintenance dialysis (maximum
follow-up: November [, 2017).

Measurements: Kidney transplant referral.

Methods: We calculated the |-year unadjusted cumulative probability of kidney transplant referral for Ontario’s 27 CKD
programs using the complement of Kaplan-Meier estimator. We calculated standardized referral ratios (SRRs) for each CKD
program, using expected referrals from a 2-staged Cox proportional hazards model, adjusting for patient characteristics in
the first stage. Standardized referral ratios with a value less than | were below the provincial average (maximum possible
follow-up of 4 years 10 months). In an additional analysis, we grouped CKD programs according to 5 geographic regions.
Results: Among 8641 patients with advanced CKD, the |-year cumulative probability of kidney transplant referral ranged
from 0.9% (95% confidence interval [CI]: 0.2%-3.7%) to 21.0% (95% Cl: 17.5%-25.2%) across the 27 CKD programs. The
adjusted SRR ranged from 0.2 (95% CI: 0.1-0.4) to 4.2 (95% CI: 2.1-7.5). Among 6852 patients receiving maintenance
dialysis, the |-year cumulative probability of transplant referral ranged from 6.4% (95% CI: 4.0%-10.2%) to 34.5% (95% Cl:
29.5%-40.1%) across CKD programs. The adjusted SRR ranged from 0.2 (95% CI: 0.1-0.3) to 1.8 (95% CI: 1.6-2.1). When
we grouped CKD programs according to geographic region, we found that patients residing in Northern regions had a
substantially lower |-year cumulative probability of transplant referral.

Limitations: Our cumulative probability estimates only captured referrals within the first year of advanced CKD or
maintenance dialysis initiation.

Conclusions: There is marked variability in the probability of kidney transplant referral across CKD programs operating in
a publicly funded health care system.

Abrégé

Contexte: Les patients atteints d’insuffisance rénale qui y sont admissibles devraient bénéficier d’un accés égal a la
transplantation rénale. L’aiguillage vers un programme de transplantation est la premiére étape essentielle pour recevoir
une greffe de rein. Des études suggérent cependant qu’il existe des variations substantielles dans les taux d’aiguillage vers
une greffe de rein selon les régions. La province de I'Ontario, au Canada, dispose d’un systéme public de santé a payeur
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unique comptant 27 programmes régionaux d’insuffisance rénale chronique (IRC). La probabilité d’étre aiguillé vers une
transplantation rénale n’est pas forcément la méme dans tous les programmes d’IRC.

Objectif: Déterminer s’il existe une variabilité dans les programmes d’IRC de I'Ontario en ce qui concerne les taux d’aiguillage
vers une greffe de rein.

Conception: Etude de cohorte représentative d’'une population réalisée en Ontario (Canada) entre le | janvier 2013 et le
I*" novembre 2016 a partir des données administratives en santé.

Cadre: Les 27 programmes régionaux d’IRC de la province de I'Ontario (Canada).

Sujets: Des patients approchant le besoin de dialyse (IRC de stade avancé) et des patients recevant des traitements de
dialyse d’entretien (suivi maximum jusqu’au ler novembre 2017).

Mesures: Laiguillage vers une greffe de rein.

Méthodologie: Nous avons calculé la probabilité cumulative non ajustée d’étre aiguillé a lintérieur d’'un an vers une
transplantation rénale dans chacun des 27 programmes d’IRC de I'Ontario en utilisant le complément de |'estimateur Kaplan-
Meier. Nous avons calculé les ratios d’aiguillage normalisés (SRR—Standardized Reference Ratios) des programmes d’IRC en
utilisant les taux d’aiguillge attendus a partir d’'un modéle de risques proportionnels de Cox en deux étapes, avec correction
en fonction des caractéristiques du patient dans la premiére étape. Les ratios d’aiguillage normalisés d’une valeur inférieure a
| étaient inférieurs a la moyenne provinciale (suivi maximum possible de 4 ans et 10 mois). Dans une analyse supplémentaire,
nous avons regroupé les programmes d’IRC selon cinq régions géographiques.

Résultats: Parmi les 8 641 patients atteints d’'IRC de stade avancé, la probabilité cumulative d’aiguillage en un an pour
une transplantation rénale variait de 0,9 % (IC 95 %: 0,2-3,7 %) a 21,0 % (IC 95 %: 17,5-25,2 %) pour I'ensemble des 27
programmes d’IRC. Le SRR corrigé variait de 0,2 (IC a 95 %: 0,1-0,4) a 4,2 (IC 95 %: 2,1-7,5). Parmi les 6 852 patients qui
recevaient une dialyse d’entretien, la probabilité cumulative d’aiguillage en un an vers la transplantation variait de 6,4 % (IC 95
%: 4,0-10,2 %) a 34,5 % (IC 95 %: 29,5-40,1 %) pour I'ensemble des programmes d’IRC. Le SRR corrigé variait de 0,2 (IC 95
%:0,1-0,3) a 1,8 (IC 95 %: 1,6-2,1). En regroupant les programmes d’IRC en fonction de la région géographique, nous avons
constaté que les patients résidant dans les régions du Nord avaient une probabilité cumulative nettement plus faible d’étre
aiguillés vers la transplantation en un an.

Limites: Nos estimations de la probabilité cumulative n’ont permis de saisir que les aiguillages au cours de la premiére année
d’IRC de stade avancé ou de 'amorce d’une dialyse d’entretien.

Conclusion: Il existe une variabilité marquée dans la probabilité d’étre aiguillé vers une transplantation rénale dans les
programmes d’IRC opérant dans un systéme de santé financé par I'Etat.
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A kidney transplant is the best treatment option for eligible
patients with kidney failure.!* However, many patients with
kidney failure are never considered for transplantation.’ The
transplant process involves multiple steps, beginning with
transplant education, consideration of eligibility by the

health care team, transplant referral, evaluation, final dispo-
sition, wait-listing or approval for living donor kidney trans-
plantation, and eventual transplantation. Each step of a
patient’s journey to transplant can be affected by health sys-
tem—level barriers, resulting in inefficiencies and inequity in
access to transplantation.®®

In the Canadian province of Ontario, there are 27 regional
chronic kidney disease (CKD) programs that care for more
than 15000 patients approaching the need for dialysis (e,
end-stage kidney disease [ESKD]) and 12500 patients
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receiving maintenance dialysis.” Each CKD program refers
patients for transplant to 1 of 6 adult kidney transplant cen-
ters. A key step in the process to receiving a transplant is
transplant referral, which is largely under the influence of
health care providers at CKD programs. Regional variability
in transplant referral rates has been found in countries with
private and publicly funded health care systems.!%!? For
example, Patzer et al. reported substantial variation in kidney
transplant referral rates across dialysis facilities in Georgia,
United States, ranging from 0% to 75%.!? In Canada, trans-
plant referral rates have been found to vary more than 3-fold
across provinces, with Ontario and Atlantic provinces having
the lowest rates of referral.!® As provinces in Canada each
organize and deliver care independently, activities that eval-
uate the quality of care and adopt solutions to improve it are
done at the provincial level. Transplant referral rates have
not been evaluated across CKD programs within an individ-
ual Canadian province. Building upon our previous work
that demonstrated variability in kidney transplant rates across
CKD programs in Ontario,® we conducted this study to deter-
mine whether there is variation in kidney transplant referral
rates across Ontario’s 27 CKD programs.

Methods
Design and Setting

We conducted a population-based cohort study using admin-
istrative health care databases held at ICES (ices.on.ca)
(Ontario, Canada). These data sets were linked using unique
encoded identifiers and analyzed at ICES. The use of data in
this project was authorized under section 45 of Ontario’s
Personal Health Information Protection Act, which does not
require review by a Research Ethics Board. We received
research ethics board approval to use linked Trillium Gift of
Life Network data, described below (Western University’s
Research Ethics Board Institutional Review Board Approval
No 108408). The reporting of this study followed the
REporting of studies Conducted using Observational
Routinely collected health Data guidelines for observational
studies (RECORD) (Supplemental Table S1).'3

Data Sources

We used several linked databases to assess baseline charac-
teristics and outcomes. The Ontario Renal Network’s Ontario
Renal Reporting System identifies patients approaching the
need for dialysis (ie, advanced CKD) and patients receiving
maintenance dialysis. The Ontario Laboratories Information
System records serum creatinine and urine albumin-to-creat-
inine ratio measurements. The Trillium Gift of Life Network
database records kidney transplant referrals (Trillium Gift of
Life Network is Ontario’s organ and tissue donation agency).

Vital status and demographics are recorded in the Registered
Persons Database, and solid organ transplant recipients in the

Canadian Organ Replacement Register. Information on proce-
dural and diagnostic events that occur in hospitals is available
through the Canadian Institute for Health Information
Discharge Abstract Database and Same Day Surgery, while
information on emergency department visits is contained in
the National Ambulatory Care Reporting System. The Ontario
Health Insurance Plan database records claims for physician
health services. Supplemental Table S2 contains further infor-
mation on the databases and coding definitions used. The only
reason for loss to follow-up in our databases is emigration
from the province (<0.5% annually).'*

Study Populations

Advanced CKD. We included individuals who received kid-
ney health services from one of Ontario’s 27 regional CKD
programs’ Multi-Care Kidney Clinics (MCKCs) (ie, clinics
that provide care to patients with advanced CKD) from Janu-
ary 1, 2013, to November 1, 2016, and had laboratory mea-
surements indicating they were at high risk of requiring
kidney replacement therapy. Kidney function criteria used in
Ontario to define high-risk patients who should be consid-
ered for kidney transplant referral were!® (1) evidence of at
least 2 estimated glomerular filtration rate (eGFR) values
=15 mL/min/1.73 m? separated by at least 2 weeks but not
more than 12 months (to ensure stability of kidney function)
or (2) two 2-year kidney failure risk equation (KFRE) mea-
sures =25% separated by at least 2 weeks and no more than
12 months.'® The eGFR was calculated using the CKD Epi-
demiology Collaboration equation;!” all patients were
assumed to not be Black (Black Ontarians represent 4.7% of
the population).'® At the time of this study, clinicians were
making decisions based on this equation.

We defined the index date (cohort entry date) as the
MCKC visit date (ie, laboratory criteria were satisfied before
the MCKC visit) or the second qualifying laboratory date (ie,
laboratory criteria satisfied after MCKC visit). Multi-Care
Kidney Clinic visits had to be within 18 months of satisfying
the laboratory criteria to ensure the patient was receiving
care within a CKD program. We excluded the following indi-
viduals: aged <18 or =80 years (pediatric patients fre-
quently have different health care providers and it is rare for
a patient =80 years to receive a kidney transplant), evidence
of maintenance dialysis 30 days to 6 months prior to cohort
entry (including evidence of inclusion in the maintenance
dialysis cohort, described below), prior solid organ trans-
plant (including kidney transplant) and receipt of a kidney
transplant on or within 90 days after cohort entry, a history of
a kidney transplant referral, or evidence of a major recorded
contraindication to kidney transplant (ie, living in a long-
term care residence, a diagnosis of dementia, or home oxy-
gen use).

Maintenance dialysis. We included individuals who received
maintenance dialysis in Ontario from January 1, 2013, to
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November 1, 2016. The index date was the date of dialysis
initiation date + 30 days to ensure individuals remained dial-
ysis-dependent and dialysis use was not temporary for acute
kidney injury. We used the same exclusion criteria as
described in the advanced CKD cohort.

Referral for Kidney Transplantation

Our primary outcome was referral for kidney transplantation
within | year of cohort entry. Although there is no national
benchmark for the optimal timing of recipient referral, it is
generally accepted that most referrals should occur within 1
year of a patient developing ESKD to ensure timely access to
appropriate care.'>!” In Ontario, kidney transplant referral is
defined as the date 1 of the 6 Ontario kidney transplant cen-
ters acknowledges receipt of an individual’s complete trans-
plant referral package from the CKD program.

To ensure we were not missing any referrals, our outcome
definition included individuals who received a kidney trans-
plant without evidence of a kidney transplant referral during
follow-up; we defined the referral date in these patients as
the kidney transplant date minus 90 days. Unlike in the
United States, a portion of the evaluation for kidney trans-
plantation (eg, cardiac testing) in Ontario patients must be
completed by the CKD programs prior to the transplant
referral (a comprehensive set of clinical information and test-
ing that must be completed for a referral to be accepted is
shown in Supplemental Table S3). Therefore, the date of
referral does not indicate the date that the evaluation for kid-
ney transplantation started; rather, it indicates the date the
transplant center receives the referral along with a set of
completed tests. After they receive a referral, the transplant
center organizes additional testing and consultations to help
determine whether the patient is eligible for kidney trans-
plantation, and if so, prepares the patient to receive a living
kidney donor transplant or to be placed on the deceased
donor kidney transplant waiting list.

CKD Programs

The Ontario Renal Network (part of Ontario Health) is a pro-
vincial government agency responsible for managing the
delivery of kidney services across Ontario (population 14.6
million).?’ There are 27 CKD Programs overseeing 27
MCKCs, 27 home dialysis programs, and more than 100
hemodialysis units. We stratified our results by the 27 CKD
programs, assigning a random number in lieu of the program
name to ensure anonymity. Prior to April 2018, there were 26
CKD programs; however, in 2018 one of the programs
became two (Orillia Soldier’s Memorial and Royal Victoria
Hospital separated into 2 CKD programs) and they are evalu-
ated separately in this study. We assigned patients to the
CKD program where they initiated advanced CKD/dialysis
care. Previous work found that <10% of patients switched
CKD programs over the first year of follow-up.® To further

understand potential variability in transplant access across
the province, we completed 2 additional analyses. We
grouped the 27 CKD programs by 5 geographic regions
(North, East, West, Central, and Toronto) in Ontario that pro-
vide integrated health care services and by tertile of patient
volume (ie, lowest, middle, and highest number of patients
cared for within the CKD program).?!2?

Statistical Analysis

We presented baseline characteristics as medians (25th, 75th
percentile) for continuous variables and as counts and pro-
portions for categorical variables. We calculated the 1-year
unadjusted cumulative probability (95% confidence interval
[CI]) of kidney transplant referral using the complement of
the Kaplan-Meier product limit estimator. We censored the
follow-up time of patients when they died, became 80 years
of age, recovered kidney function, or reached 1 year of fol-
low-up (maximum follow-up date: November 1, 2017). In
the advanced CKD cohort, we also censored the follow-up
time when they initiated maintenance dialysis. For the
advanced CKD cohort, if a patient entered the cohort through
eGFR criteria, kidney function recovery was defined as 2
¢GFR measurements > 25 mL/min/1.73 m? that were sepa-
rated by at least 2 weeks and no more than 12 months. If a
patient entered the cohort through KFRE criteria, kidney
function recovery was defined as 2 KFRE measures <10%,
separated by at least 2 weeks but no more than 12 months.
For both the advanced CKD and maintenance dialysis
cohorts, recovered kidney function was also recorded in the
Ontario Renal Reporting System. To compare baseline char-
acteristics across programs, we categorized CKD programs
into tertiles based on the 1-year cumulative probability of
transplant referral. We used the Kruskal-Wallis test and the
x* test to compare continuous and categorical variables
across tertiles, respectively.

We calculated standardized referral ratios (SRRs) to com-
pare the observed number of kidney transplant referrals with
the expected number of referrals for the average Ontario
patient approaching the need for dialysis (ie, advanced CKD)
or patients receiving maintenance dialysis. We calculated the
expected number of referrals in each program using a
2-staged Cox proportional hazards model.'>*2 In the first
stage, the Cox model was stratified by CKD program and
adjusted for patient-level covariates. Stratification was
included to ensure that the baseline survival probabilities
accounted for the program-level differences.?* In the second
stage, the predicted values from the first stage were included
as an offset in an unstratified Cox model. The program’s
expected number of referrals was then calculated by sum-
ming the Martingale residuals from the second stage. Finally,
the SRR was then estimated using a ratio of the observed to
expected referrals in each program. An SRR of 1.0 indicates
the program has the same referral rate as the provincial rate;
a value above 1.0 means the referral rate is higher than the
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provincial rate, and a value below 1.0 means the referral rate
is below the provincial rate. We calculated unadjusted and
adjusted SRRs (95% CI).2* Censoring events are as described
above; however, patients in this analysis could be followed
for more than 1 year with a maximum possible follow-up of
4 years 10 months (maximum available follow-up based on
data availability at the time of analysis). We followed patients
for more than 1 year in the SRR analysis as several CKD
programs had fewer than 6 referrals during follow-up and
small numbers could disproportionately affect the estimate
of the expected number of referrals. We excluded any CKD
program that had <6 incident patients per year. For the
adjusted SRRs, the first-stage model accounted for the fol-
lowing patient characteristics: age, sex, calendar year (2013,
2014, 2015, and 2016), race (information is collected by data
leads in each CKD program based on clinical staff charting
who may ask a patient to self-identify their ethnicity but
were not mandated to do so; White, Asian, Black, Other/
Multiracial, unknown/missing), diabetes, Charlson comor-
bidity score, body mass index, average neighborhood income
quintile, and rural residence (ie, population <10000). In the
maintenance dialysis cohort, we also adjusted for cause of
ESKD (glomerulonephritis/autoimmune, cystic kidney dis-
ease, diabetes, renal vascular disease, other, missing) and
dialysis modality (hemodialysis, peritoneal dialysis),
whereas in the advanced CKD cohort we also adjusted for
the eGFR and the KFRE estimate.?*

Data were complete except for the following variables:
income quintile (<0.5%; imputed quintile 3), rural residence
(<0.5%; imputed urban residence), race (7.0% advanced
CKD, 2.5% dialysis; kept the missing category), body mass
index (7.1% advanced CKD, 3.0% dialysis; imputed age-
and sex-weighted median), and cause of ESKD (8.8%; kept
the missing category). All analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, North Carolina). As
this study was descriptive in nature, we did not adjust P val-
ues or Cls widths for multiple testing.?

Results

We included 8641 patients in the advanced CKD cohort
(Supplemental Figure S1) and 6852 patients in the mainte-
nance dialysis cohort (Supplemental Figure S2). Table 1 dis-
plays the baseline characteristics for both groups. In the
advanced CKD cohort, the median age was 65 years, 39%
were women, and 64% had diabetes. In the maintenance dial-
ysis cohort, the median age was 64 years, 36% were women,
and 63% had diabetes.

One-Year Cumulative Probability of Kidney
Transplant Referral
Advanced CKD cohort. During the 1-year study follow-up

period, in the advanced CKD cohort, 552 (6.4%) patients
were referred for transplant, 433 (5.0%) patients died, 238

(2.8%) patients turned 80 years of age, 280 (3.2%) patients
recovered kidney function and 1782 (20.6%) patients transi-
tioned to maintenance dialysis. The overall 1-year cumula-
tive probability of kidney transplant referral in the advanced
CKD cohort was 7.6% (95% CI: 7.0%-8.2%) and varied
widely across CKD programs, ranging from 0.9% (95% CI:
0.2%-3.7%) to 21.0% (95% CI: 17.5%-25.2%) (Figure 1).
When analyzed by the 5 Ontario regions, patients with
advanced CKD residing in Northern Ontario had the lowest
I-year cumulative probability of kidney transplant referral
(2.5%; 95% CI: 1.5%-4.3%) compared with patients residing
in Eastern Ontario which had the highest (9.4%; 95% CI:
8.2%-10.9%) (Table 2). When analyzed by CKD program
patient volume, patients with advanced CKD in programs
with the highest patient volume had the highest 1-year cumu-
lative probability of referral (9.3%; 95% CI: 8.5%-10.3%)
(Table 3).

Maintenance dialysis cohort. During the 1-year study follow-
up period, in the maintenance dialysis cohort, 1432 (20.9%)
patients were referred for transplant, 810 (11.8%) died, 192
(2.8%) turned 80 years of age, and 337 (4.9%) recovered kid-
ney function. The overall 1-year cumulative probability of
kidney transplant referral in the maintenance dialysis cohort
was 24.0% (95% CI: 23.0%-25.1%) and varied widely across
CKD programs from 6.4% (95% CI: 4.0%-10.2%) to 34.5%
(95% CI: 29.5%-40.1%) (Figure 2). When analyzed by the 5
Ontario regions, patients receiving maintenance dialysis
residing in Northern Ontario had the lowest 1-year cumula-
tive probability of kidney transplant referral (11.1%; 95%
CI: 8.7%-14.0%) compared with Toronto that had the highest
(27.5%; 95% CI: 24.4%-30.8%) (Table 4). When analyzed
by CKD program patient volume, patients receiving mainte-
nance dialysis in CKD programs with the highest patient vol-
ume had the highest 1-year cumulative probability of referral
(Table 5). Less than 3% of all transplant referrals in the
advanced CKD and maintenance dialysis cohorts came from
patients who received a transplant without any evidence of a
transplant referral.

Baseline Characteristics for CKD Programs
With the Lowest, Middle, and Highest [-Year
Cumulative Probability of Transplant Referral

When we categorized CKD programs into tertiles of lowest,
middle, and highest transplant referral (Table 6 for advanced
CKD and Table 7 for maintenance dialysis), we found sev-
eral differences in patient characteristics across tertiles.
However, the absolute differences were often small. There
was a substantial difference across tertiles for patients living
in a rural location (population less than 10000). For exam-
ple, in the advanced CKD cohort, the proportion of individu-
als who lived in a rural location was 26.7% in the lowest
tertile CKD programs compared with 10.9% in the highest
tertile CKD programs (P < .001).
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Table I. Baseline Characteristics for Advanced CKD and

Maintenance Dialysis Cohorts.

Maintenance

Advanced CKD dialysis
Characteristic (n = 8641) (n = 6852)
Demographics
Year of cohort entry
2013 2160 (25.0) 1717 (25.1)
2014 2105 (24.4) 1736 (25.3)
2015 2272 (26.3) 1878 (27.4)
2016 2104 (24.3) 1521 (22.2)
Age (years) 65 (56, 72) 64 (54, 72)
Age categories (years)
<50 1266 (14.7) 1169 (17.1)
50-60 1840 (21.3) 1529 (22.3)
>60-80 5535 (64.1) 4154 (60.6)
Female 3365 (38.9) 2452 (35.8)
Income quintile?
Quintile |, low 2250 (26.0) 1986 (29.0)
Quintile 2 1935 (22.4) 1564 (22.8)
Quintile 3, middle 1756 (20.3) 1288 (18.8)
Quintile 4 1494 (17.3) 1115 (16.3)
Quintile 5, high 1206 (14.0) 899 (13.1)
Rural residence® 1077 (12.5) 881 (12.9)
Comorbidities®
Body mass index (kg/m?) 29 (25, 33) 28 (24, 33)
Body mass index categories (kg/m?)
<185 120 (1.4) 163 (2.4)
18.5-<25 1783 (20.6) 1867 (27.2)
25-<30 3222 (37.3) 2291 (33.4)
=30 3516 (40.7) 2531 (36.9)
Charlson comorbidity index? 3(2,5) 4 (2,5)
Diabetes® 5572 (64.5) 4332 (63.2)
Severe cardiovascular disease 1192 (13.8) 1194 (17.4)
Lower limb amputation 96 (1.1) 123 (1.8)
Hypertension® 6392 (74.0) 5431 (79.3)
Chronic obstructive pulmonary 471 (5.5) 550 (8.0)
disease
Congestive heart failure 1883 (21.8) 2430 (35.5)
Myocardial infarction 685 (7.9) 802 (11.7)
Cancer 1332 (15.4) 1210 (17.7)
Peripheral vascular disease 284 (3.3) 452 (6.6)
Ischemic stroke 416 (4.8) 349 (5.1)
Maintenance dialysis characteristics
Dialysis modality
Hemodialysis 5329 (77.8)
Peritoneal dialysis 1523 (22.2)
Cause of end-stage kidney disease
Diabetes 2719 (39.7)
Glomerulonephritis/autoimmune 735 (10.7)
diseases
Nephropathy, drug-induced 90 (1.3)
Polycystic kidney disease 217 (3.2)
Renal vascular disease 760 (11.1)
Other 1728 (25.2)
Missing/unknown 603 (8.8)
Pre-ESKD characteristics
Estimated glomerular filtration rate 15 (12,20)
<15 mL/min/1.73 m? 4233 (49.0)
15-20 mL/min/1.73 m? 2376 (27.5)

(continued)

Table I. (continued)

Maintenance

Advanced CKD dialysis
Characteristic (n = 8641) (n = 6852)

>20-30 mL/min/1.73 m? 1952 (22.6)

>30 mL/min/1.73 m? 80 (0.9)

2-year kidney failure risk 39.9 (27.8,61.7)

equation (%)

<25% 1395 (16.1)

25%-50% 3697 (42.8)

>50% 2907 (33.6)

Missing/testing not done 642 (7.4)

Note. Data presented as number (percentage) or median (25th, 75th
percentile). CKD = chronic kidney disease.

3lncome was characterized according to fifths of average neighborhood
income.

®Rural residence defined as a population <10000.

‘Comorbidities were assessed 5 years prior to the date of cohort entry
unless otherwise indicated.

9dPatients with a Charlson comorbidity index of O were given a score of
2 and patients with a score of | were given a score of 3; presence of
kidney disease is a variable in the Charlson that automatically results in all
patients in our cohort receiving a score of 2.

*Hypertension and diabetes defined as the presence of either 2 Ontario
Health Insurance Plan codes or | hospitalization with a diagnosis of
hypertension or diabetes, in the 3 years prior to entry.

Table 2. One-Year Cumulative Probability of Kidney Transplant
Referral and Adjusted Standardized Referral Ratios in Patients
With Advanced CKD According to 5 Ontario Geographic
Regions.

Adjusted
Cumulative probability  standardized referral
Ontario region % (95% Cl) ratio (95% ClI)
North 2.5 (1.5-4.3) 0.46 (0.31-0.65)
Central 5.5 (4.6-6.6) 0.75 (0.65-0.87)
Toronto 9.0 (7.4-10.9) 1.21 (1.02-1.42)
West 9.3 (8.0-10.9) 1.35 (1.19-1.52)
East 9.4 (8.2-10.9) 1.37 (1.21-1.55)

Note. CKD = chronic kidney disease; Cl = confidence interval.

Standardized Referral Ratio

Over a median (25th, 75th percentile) follow-up of 1.3 years
(0.6, 2.3), the adjusted SRR in the advanced CKD cohort
ranged from 0.2 (95% CI: 0.1-0.4) to 4.2 (95% CI: 2.1-7.5)
across CKD programs (Figure 3). Over a similar follow-up
period, the adjusted SRR in the maintenance dialysis cohort
ranged from 0.2 (95% CI: 0.1-0.3) to 1.8 (95% CI: 1.6-2.1)
across CKD programs (Figure 4). When examined by the 5
Ontario regions, the adjusted SRR in patients with advanced
CKD was lowest in Northern Ontario (0.46, 95% CI: 0.31-
0.65) and highest in Eastern Ontario (1.37, 95% CI: 1.21-
1.55) (Table 2). In patients receiving maintenance dialysis,
the adjusted SRR was lowest in Northern Ontario (0.42, 95%
CI: 0.34-0.51) and highest in Western Ontario (1.12, 95% CI:
1.02-1.22) (Table 4). When examined by CKD program



Yohanna et al 7

33.0%

30.0% —

27.0%

24.0%

21.0%

18.0% - n

15.0%

Cumulative Probability

WSO e

-

3.0%

0.0%
— T T T T T T T T T T T T T T T T T T T T T T T T T
14 26 21 18 15 1 8 12 23 2 13 22 27 7 4 17 3 19 24 20 6 25 10 16 9 5 11
Chronic Kidney Disease Program

Figure |. One-year cumulative probability of kidney transplant referral in the advanced chronic kidney disease cohort (n = 8641)
displayed by chronic kidney disease program.

Note. Red line represents the overall |-year cumulative probability of transplant referral for all chronic kidney disease programs. Error bars are 95%
confidence intervals.

Table 3. One-Year Cumulative Probability of Kidney Transplant Referral and Adjusted Standardized Referral Ratios in Patients With
Advanced CKD According to CKD Program Patient Volume.

Cumulative probability Adjusted standardized referral
CKD program patient volume? % (95% Cl) ratio (95% Cl)
Lowest volume (117) 4.2 (3.0-5.8) 0.82 (0.64-1.04)
Middle volume (295) 5.7 (4.8-6.7) 0.85 (0.74-0.97)
Highest volume (548) 9.3 (8.5-10.3) 1.22 (1.13-1.32)

Note. CKD = chronic kidney disease; Cl = confidence interval.
2Number in bracket represents the average number of patients in each group.

Table 4. One-Year Cumulative Probability of Kidney Transplant Referral and Adjusted Standardized Referral Ratios in Patients
Receiving Maintenance Dialysis According to 5 Ontario Geographic Regions.

Cumulative probability Adjusted standardized referral
Ontario region % (95% Cl) ratio (95% Cl)
North 1.1 (8.7-14.0) 0.42 (0.34-0.51)
Central 25.8 (23.8-28.0) 1.06 (0.98-1.14)
Toronto 27.5 (24.4-30.8) 1.06 (0.94-1.18)
West 24.2 (22.1-26.4) 1.12 (1.02-1.22)
East 24.9 (22.7-27.2) 1.07 (0.98-1.17)

Note. Cl = confidence interval.

patient volume, the adjusted SRR in patients with advanced  patients receiving maintenance dialysis, the adjusted SRR
CKD was highest in programs with the highest patient vol- was highest in programs with the highest patient volume
ume (SRR: 1.22, 95% CI: 1.13-1.32) (Table 3). Similarly, in ~ (SRR: 1.14, 95% CI: 1.08-1.21) (Table 5).
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Figure 2. One-year cumulative probability of kidney transplant referral in the maintenance dialysis cohort (n = 6852) displayed by
chronic kidney disease program.

Note. Red line represents the overall |-year cumulative probability of transplant referral for all chronic kidney disease programs. Error bars are 95%
confidence intervals.

Table 5. One-Year Cumulative Probability of Kidney Transplant Referral and Adjusted Standardized Referral Ratios in Patients
Receiving Maintenance Dialysis According to CKD Program Patient Volume.

CKD program patient volume?® Cumulative probability % (95% ClI) Adjusted standardized referral ratio (95% ClI)
Lowest volume (100) 24.2 (21.4-27.4) 1.05 (0.94-1.18)
Middle volume (249) 18.2 (16.5-20.0) 0.75 (0.69-0.82)
Highest volume (413) 27.5 (26.0-29.0) I.14 (1.08-1.21)

Note. CKD = chronic kidney disease; Cl = confidence interval.
®Number in bracket represents the average number of patients in each group.

Table 6. Baseline Characteristics in the Advanced CKD Cohort for CKD Programs With the Lowest, Middle, and Highest I-Year
Cumulative Probability of Transplant Referral.

Characteristics Tertile of cumulative probability
Lowest Middle Highest
(0.9%-4.3%) (4.6%-7.1%) (7.3%-21.0%)

Demographics (n = 1797) (n = 3100) (n = 3744) P value*
Year of cohort entry

2013 378 (21.0) 780 (25.2) 1002 (26.8) <.001

2014 388 (21.6) 711 (22.9) 1006 (26.9)

2015 581 (32.3) 803 (25.9) 888 (23.7)

2016 450 (25.0) 806 (26.0) 848 (22.6)
Age (years) 66 (56-73) 65 (56-72) 65 (55-73) 799
Age categories (years) .329

<50 259 (14.4) 441 (14.2) 566 (15.1)

50-60 381 (21.2) 695 (22.4) 764 (20.4)

(continued)
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Table 6. (continued)

Characteristics Tertile of cumulative probability
Lowest Middle Highest
(0.9%-4.3%) (4.6%-7.1%) (7.3%-21.0%)
Demographics (n = 1797) (n = 3100) (n = 3744) P value®
>60-80 1157 (64.4) 1964 (63.4) 2414 (64.5)
Female 704 (39.2) 1171 (37.8) 1490 (39.8) 226
Income quintile®
Quintile 1, low 429 (23.9) 893 (28.8) 928 (24.8) <.001
Quintile 2 385 (21.4) 743 (24.0) 807 (21.6)
Quintile 3, middle 346 (19.3) 630 (20.3) 780 (20.8)
Quintile 4 391 (21.8) 445 (14.4) 658 (17.6)
Quintile 5, high 246 (13.7) 389 (12.5) 571 (15.3)
Rural residence® 480 (26.7) 188 (6.1) 409 (10.9) <.001
Comorbidities
Body mass index (kg/m?) 30 (26, 34) 29 (25, 33) 29 (26,34) <.001
Body mass index categories (kg/m?) <.001
<185 26 (1.4) 50 (1.6) 44 (1.2)
18.5-<25 354 (19.7) 708 (22.8) 721 (19.3)
25-<30 585 (32.6) 1203 (38.8) 1433 (38.3)
30-<35 435 (24.2) 592 (19.1) 796 (21.3)
=35 397 (22.1) 547 (17.6) 750 (20.0)
Charlson score® 4 (2,5) 3 (2,5 32,5 <.001
2 647 (36.0) 1344 (43.4) 1500 (40.1) <.001
3 184 (10.2) 341 (11.0) 386 (10.3)
4 402 (22.4) 636 (20.5) 813 (21.7)
=5 564 (31.4) 779 (25.1) 1045 (27.9)
Diabetes' 1184 (65.9) 2030 (65.5) 2358 (63.0) .037
Severe cardiovascular disease 293 (16.3) 400 (12.9) 499 (13.3) .002
Lower limb amputation 4 (1.9) 26 (0.8) 6 (1.0) .002
Hypertensionf I286 (71.6) 2345 (75.6) 276I (73.7) .007
Chronic obstructive pulmonary disease 155 (8.6) 134 (4.3) 182 (4.9) <.001
Congestive heart failure 379 (21.1) 665 (21.5) 839 (22.4) A57
Myocardial infarction 177 (9.8) 217 (7.0) 291 (7.8) .002
Cancer 303 (16.9) 438 (14.1) 591 (15.8) .027
Peripheral vascular disease 77 (4.3) 82 (2.6) 125 (3.3) .008
Ischemic stroke 94 (5.2) 153 (4.9) I69 (4.5) 468
Estimated glomerular filtration rate 6 (13,21) 15 (12,19) 5(12,20) <.001
<15 mL/min/1.73 m? 746 (41.5) 1689 (54.5) I798 (48.0) <.001
15-20 mL/min/1.73 m?2 546 (30.4) 757 (24.4) 1073 (28.7)
20-30 mL/min/1.73 m? 484 (26.9) 640 (20.6) 828 (22.1)
>30 mL/min/1.73 m? 21 (1.2) 14 (0.5) 45 (1.2)
2-year kidney failure risk equation (%) 37.3 (27.6, 56.4) 41.6 (28.0, 65.0) 40.0 (27.8, 61.5) <.001
<25% 282 (15.7) 490 (15.8) 623 (16.6)
25%-50% 843 (46.9) 1241 (40.0) 1613 (43.1)
>50% 533 (29.7) 1098 (35.4) 1276 (34.1)
Missing/test not done 139 (7.7) 271 (8.7) 232 (6.2) <.001

Note. Data presented as number (percentage) or median (25th, 75th percentile). CKD = chronic kidney disease.

aKruskal-Wallis test to compare continuous variables and the ? test for categorical variables.

®Income was characterized according to fifths of average neighborhood income. Missing values (<0.5%) were categorized as quintile 3.

‘Rural residence defined as a population <10000.

dComorbidities were assessed 5 years prior to the date of cohort entry.

¢Patients with a Charlson comorbidity index of 0 were given a score of 2 and patients with a score of | were given a score of 3; presence of kidney
disease is a variable in the Charlson that automatically results in all patients in our cohort receiving a score of 2.

‘Hypertension and diabetes defined as the presence of either 2 Ontario Health Insurance Plan codes or | hospitalization with a diagnosis of hypertension
or diabetes, in the 3 years prior to entry.
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Table 7. Baseline Characteristics in the Maintenance Dialysis Cohort for Chronic Kidney Disease Programs With the Lowest, Middle,
and Highest Cumulative Probability of Transplant Referral.

Tertile of cumulative probability

Lowest (6.4%-19.4%) Middle (21.2%-27.4%) Highest (27.6%-34.5%)

Demographics (n =1762) (n = 2765) (n = 2325) P value?

Year of cohort entry
2013 453 (25.7) 689 (24.9) 575 (24.7) .584
2014 437 (24.8) 691 (25.0) 608 (26.2)

2015 497 (28.2) 741 (26.8) 640 (27.5)
2016 375 (21.3) 644 (23.3) 502 (21.6)

Age (years) 64 (54,71) 65 (55, 72) 64 (54, 72) .05
<50 320 (18.2) 425 (15.4) 424 (18.2) .031
50-60 404 (22.9) 624 (22.6) 501 (21.5)
>60-80 1038 (58.9) 1716 (62.1) 1400 (60.2)

Female 701 (39.8) 903 (32.7) 848 (36.5) <.001

Income quintile®
Quintile I, low 584 (33.1) 719 (26.0) 683 (29.4) <.001
Quintile 2 388 (22.0) 638 (23.1) 538 (23.1)

Quintile 3, middle 293 (16.6) 511 (18.5) 484 (20.8)
Quintile 4 269 (15.3) 525 (19.0) 321 (13.8)
Quintile 5, high 228 (12.9) 372 (13.5) 299 (12.9)

Rural residence® 520 (29.5) 224 (8.1) 137 (5.9) <.001

Comorbidities?

Body mass index (kg/m?) 29 (25, 34) 28 (24, 32) 28 (24, 33) <.001
Body mass index categories (kg/m?) <.001

<185 36 (2.0) 63 (2.3) 64 (2.8)

18.5-<25 410 (23.3) 790 (28.6) 667 (28.7)

25-<30 557 (31.6) 949 (34.3) 785 (33.8)

30-<35 394 (22.4) 501 (18.1) 429 (18.5)

=35 365 (20.7) 462 (16.7) 380 (16.3)
Charlson score® 4 (3,5) 4(2,5) 4(2,5) .025

2 404 (22.9) 740 (26.8) 595 (25.6) 159

3 145 (8.2) 224 (8.1) 200 (8.6)

4 476 (27.0) 721 (26.1) 604 (26.0)

=5 737 (41.8) 1080 (39.1) 926 (39.8)
Diabetes' 1152 (65.4) 1764 (63.8) 1416 (60.9) .0l
Severe cardiovascular disease 346 (19.6) 463 (16.7) 385 (16.6) 018
Lower limb amputation 43 (24) 47 (1.7) 33(1.4) .046
Hypertension’ 1364 (77.4) 2198 (79.5) 1869 (80.4) .062
Chronic obstructive pulmonary disease 205 (11.6) 195 (7.1) 150 (6.5) <.001
Congestive heart failure 586 (33.3) 981 (35.5) 863 (37.1) .038
Myocardial infarction 237 (13.5%) 315 (11.4) 250 (10.8) .024
Cancer 306 (17.4%) 496 (17.9) 408 (17.5) .873
Peripheral vascular disease 73 (4.1%) 208 (7.5) 171 (7.4) <.001
Ischemic stroke 89 (5.1%) 142 (5.1) 118 (5.1) 991
Dialysis modality <.001

Hemodialysis 1443 (81.9%) 2087 (75.5) 1799 (77.4)

Peritoneal dialysis 319 (18.1%) 678 (24.5) 526 (22.6)
Cause of end-stage kidney disease <.001

Diabetes 693 (39.3%) 1099 (39.7) 927 (39.9)

Glomerulonephritis 202 (11.5%) 262 (9.5) 271 (11.7)

Nephropathy, drug-induced 30 (1.7%) 36 (1.3) 24 (1.0)

Polycystic kidney disease 51 (2.9%) 99 (3.6) 67 (2.9)

Renal vascular disease 211 (12.0%) 311 (11.2) 238 (10.2)

Other 473 (26.8%) 722 (26.1) 533 (22.9)

Missing/Unknown 102 (5.8%) 236 (8.5) 265 (11.4)

Note. Data presented as number (percentage) or median (25th, 75th percentile).

*Kruskal-Wallis test to compare continuous variables and the y? test for categorical variables.

®Income was characterized according to fifths of average neighborhood income. Missing values (<0.5%) were categorized as quintile 3.

Rural residence defined as a population < 10000.

dComorbidities were assessed 5 years prior to the date of cohort entry.

¢Patients with a Charlson comorbidity index of 0 were given a score of 2 and patients with a score of | were given a score of 3; presence of kidney disease is a variable in the Charlson that
automatically results in all patients in our cohort receiving a score of 2.

Hypertension and diabetes defined as the presence of either 2 Ontario Health Insurance Plan codes or | hospitalization with a diagnosis of hypertension or diabetes, in the 3 years prior to
entry.
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expected). Chronic kidney disease program 2 was not included in the model because there were <6 incident patients referred per year.
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Discussion

maintenance dialysis populations, which persisted even after
adjusting for patient demographics and comorbidities. We

Across 27 CKD programs in the province of Ontario, Canada,
where universal health care is publicly funded, we found
substantial variation in the 1-year cumulative probability
of kidney transplant referral in the advanced CKD and

found that patients residing in Northern Ontario consistently
had a substantially lower probability of referral.

There are several potential reasons for the observed vari-
ability in transplant referral rates across CKD programs. At
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the provider level, transplant knowledge and familiarity with
eligibility criteria could affect referral practices.”’-?
Providers may find it challenging to prioritize transplant dis-
cussions among competing priorities in caring for patients
with kidney failure. At the CKD program level, varying lev-
els of support for managing transplant referrals may impact
the timeliness of referrals. For example, some programs may
have a dedicated referral coordinator that initiates the referral
and organizes referral testing, while others may rely on the
nephrologist or nursing staff. The effectiveness of transplant
education may differ across programs. Some programs may
benefit from consistent and dedicated health professional
transplant champions, whereas others may have difficulties
with staff turnover. At the provincial level, government poli-
cies defining compensation for transplant-related activity
may prevent CKD program administrators from advancing
initiatives to increase referral rates. Finally, it is possible that
there are unmeasured patient-level factors that affect trans-
plant referral, such as smoking, or ethnocultural beliefs about
transplantation.>3

We categorized CKD programs into tertiles of referral and
demonstrated that the characteristics of patients cared for in
programs with the lowest incidence of transplant referral
were mostly like those in programs with the highest inci-
dence of transplant referral. Although many patient charac-
teristics were statistically different between highest, middle,
and lowest tertile CKD programs, the absolute differences
were small. However, there was a striking difference in the
proportion of patients who lived in a rural location. For
example, in the maintenance dialysis cohort, 29.5% of
patients in the lowest tertile CKD programs lived in a rural
location compared with 5.9% in the highest tertile CKD pro-
grams. This suggests that patients living in rural locations in
Ontario may have reduced access to transplant referral. This
was further supported by our additional analyses that grouped
patients by geographic region. In our analysis that grouped
patients by geographic region, we found that patients in
Northern Ontario had a substantially lower cumulative prob-
ability of referral compared with the 4 other Ontario regions.
Interestingly, we also found that patients in CKD programs
with the highest patient volumes had the highest incidence of
transplant referral and adjusted SRR. Larger CKD programs
with highest patient volumes are in urban locations, not
within the Northern region of Ontario. Patients living in the
North may be facing several health system barriers to kidney
transplant referral such as greater travel and accommodation
costs, fewer options for public transportation, and less access
to specialist testing or consultations. Kim et al.also found
that across Canadian provinces, the likelihood of transplant
referral was lower for patients treated at a dialysis facility
greater than 100 km from the transplant center.'® Conversely,
a study in Georgia, United States found no association
between distance to the transplant center and early referral
for kidney transplantation. However, patients in that study

only traveled a median distance of 61 km and a maximum
distance of 272 km, much less than those traveling from
Northern Ontario.?'*? For example, patients living in Sault St
Marie, Ontario, complete their transplant evaluation 700 km
away in Toronto, Ontario. Also, it is important to point out
that Northern Ontario has a large indigenous population. The
incidence and prevalence of kidney disease are higher in
Indigenous populations compared with nonindigenous popu-
lations and patients who are Indigenous travel further to
receive care compared with patients who are not Indigenous.
Across Canada, patients who are Indigenous have been
shown to have reduced access to kidney transplantation, 33433
Although some of these factors have been cited as barriers to
transplant rates, additional research, in collaboration with
patients and providers from Northern Ontario, to understand
the full spectrum of health care system-related barriers,
social determinants of health, and intersectionality that lead
to poor access to transplant faced by patients from Northern
Ontario should be undertaken.'%?73¢ With this future research,
effective solutions could be generated that address the identi-
fied root causes.

Using the SRR as a transplant referral metric may be
advantageous compared with the cumulative incidence of
transplant referral as it allows one to adjust for patient char-
acteristics and potentially identify programs that may be
underperforming. Based on the SRRs for both the advanced
CKD and maintenance dialysis cohorts, we classified CKD
programs into 3 groups: higher-performing (SRR greater
than 1), average-performing (SRR not different than 1 as the
ClIs included 1), and lower-performing (SRR less than 1). In
the advanced CKD cohort, there were 5 higher-performing,
17 average-performing, and 4 lower-performing CKD pro-
grams in Ontario. In the maintenance dialysis cohort, there
were 6 higher-performing, 15 average-performing, and 5
lower-performing CKD programs in Ontario. We found
moderate concordance in the classification of program per-
formance in both cohorts. For example, the same 3 programs
were higher-performing in both the advanced CKD and
maintenance dialysis cohorts. When examining the SRR
according to geographic region, programs within Northern
Ontario were below the provincial average in both cohorts.
Our study highlights a potential opportunity to share best
practices across CKD programs and geographic regions.

As in many other jurisdictions, Ontario has focused on
implementing strategies to enhance access to kidney trans-
plantation and living donation, delivering a quality improve-
ment intervention to CKD programs initiated in 2017.37 In
2021, when leadership at the Ontario Renal Network became
aware of data demonstrating higher transplant rates at CKD
programs with a dedicated referral coordinator, they pro-
vided additional funding to all programs to establish this
role. Our work to demonstrate variability in transplant refer-
ral rates across Ontario CKD programs guides activities
related to performance measurement, substantiates current
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efforts to improve access, and provides an actionable oppor-
tunity to focus on patients living rurally and those receiving
care in Northern Ontario.

Limitations of our study are noted. First, our cumulative
probability estimates only captured referrals within the first
year of advanced CKD or maintenance dialysis initiation.
There may be providers at CKD programs who intentionally
do not refer patients who do not have a living donor early on
because they anticipate that the patient will spend many
years on the waiting list before receiving a deceased donor
kidney transplant (average wait time for a deceased donor
transplant in Ontario is 5 years).’® A referral too early may
result in increased testing while on the waiting list and a lon-
ger period of oversight by the transplant center. Second,
although we excluded individuals with a recorded contrain-
dication to kidney transplant (ie, long-term care residence,
home oxygen use, and dementia) and restricted our cohort to
individuals <80 years of age, it is possible our methods are
not identifying all patients eligible for transplant referral.
Since doing this work, we have further refined our definition
of no recorded contraindication to transplant, including some
additional variables (eg, malignancy);>* however, our results
are still valid with variation persisting after adjusting for sev-
eral patient characteristics. Third, for some analyses we had
smaller numbers of referrals that created wider CIs. Fourth,
some analyses (eg, SRR) may be limited by residual
confounding.

Our study demonstrates variability in transplant referral
rates across CKD programs in Ontario, Canada. Many
patients across Ontario who may benefit from transplantation
are not reaching the crucial first step of referral to a transplant
center. Chronic kidney disease program, provincial renal and
transplant leadership should continue to work to remove
health system—level barriers and prioritize innovative referral
strategies to ensure equitable access to transplant.
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