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Initiating Maintenance Dialysis Before Living
Kidney Donor Transplantation When a Donor
Candidate Evaluation Is Well Underway
Steven Habbous, MSc,1 Eric McArthur, MSc,2 Stephanie N. Dixon, PhD,1,2 Susan McKenzie, MA,3,4

CarlosGarcia-Ochoa, MD,1 NganN. Lam,MD,MSc,5 Krista L. Lentine, MD, PhD,6 Christine Dipchand,MSc,MD,7

Kenneth Litchfield, MA,3 Mehmet A. Begen, MSc, PhD,1,8 Sisira Sarma, PhD,1 and Amit X. Garg, MD, PhD1,2,9
Background. Preemptive kidney transplants result in better outcomes and patient experiences than transplantation after dial-
ysis onset. It is unknown how often a person initiates maintenance dialysis before living kidney donor transplantation when their
donor candidate evaluation is well underway.Methods.Using healthcare databases, we retrospectively studied 478 living donor
kidney transplants from 2004 to 2014 across 5 transplant centers in Ontario, Canada, where the recipients were not receiving di-
alysis when their donor’s evaluation was well underway. We also explored some factors associated with a higher likelihood of di-
alysis initiation before transplant.Results. A total of 167 (35%) of 478 persons with kidney failure initiated dialysis in a median of
9.7 months (25th-75th percentile, 5.4-18.7 months) after their donor candidate began their evaluation and received dialysis for a
median of 8.8 months (3.6-16.9 months) before kidney transplantation. The total cohort’s dialysis cost was CAD $8.1 million, and
44 (26%) of 167 recipients initiated their dialysis urgently in hospital. The median total donor evaluation time (time from evaluation
start to donation) was 10.6 months (6.4-21.6months) for preemptive transplants and 22.4months (13.1-38.7 months) for donors
whose recipients started dialysis before transplant. Recipients were more likely to start dialysis if their donor was female, nonwhite,
lived in a lower-income neighborhood, and if the transplant center received the recipient referral later. Conclusion.One third of
persons initiated dialysis before receiving their living kidney donor transplant, despite their donor’s evaluation being well underway.
Future studies should consider whether some of these events can be prevented by addressing inappropriate delays to improve
patient outcomes and reduce healthcare costs.
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Apreemptive kidney transplant avoids the risks of ini-
tiating dialysis and results in better outcomes and

patient experiences compared with other treatment op-
tions available to patients with kidney failure.1,2 Deceased
donor preemptive kidney transplants are rare, as most pa-
tients wait on a list for several years before an offer for a
deceased donor kidney becomes available.3 For this rea-
son, preemptive kidney transplants are typically achieved
from a living donor.

There are many challenges in receiving a preemptive living
donor kidney transplant. First, the intended recipient needs
to be referred to a transplant program, thoroughly evaluated,
and approved to receive a kidney transplant. Second, the
transplant should be timed such that the intended recipient’s
native kidneys have not failed to the extent of initiating dial-
ysis urgently, but not too early so that the recipient can make
use of any remaining native kidney function.4 Third, a living
donor has to be identified.5 Finally, the living kidney donor
candidate needs to be thoroughly evaluated and approved
for kidney donation. For this last consideration, there is a
growing appreciation that the living donor evaluation pro-
cess for manymotivated donor candidates is lengthy, difficult
to navigate, and challenging.6-8 The 2017 Kidney Disease:
Improving Global Outcomes “Clinical Practice Guideline on
the Evaluation and Care of Living Kidney Donors” recom-
mends that transplant programs should conduct as efficient a
donor evaluation as possible, meeting the needs of donor
candidates, intended recipients, and transplant programs.9

Using data from a multicenter study, the median estimated
donor evaluation time (time from first contact to nephrectomy)
was 10.3months.10 In some cases, a prolonged donor evaluation
process may prevent a preemptive transplant.

In this study, we focused on a cohort of patients with kidney
failure, all who received a living donor kidney transplant. We
studied persons not receiving dialysis when their donor can-
didate's evaluation was well underway and determined how
often maintenance dialysis was initiated before receipt of
the living kidney donor transplant.We assessed the cost of di-
alysis treatments, and whether dialysis was started urgently
in a hospital setting. Finally, we explored whether some
unmodifiable andmodifiable factors were associated with di-
alysis initiation before transplant.

MATERIALS AND METHODS

Design and Setting
We conducted a retrospective analysis of living donor kid-

ney transplants using linked databases for the entire province
of Ontario, Canada. Ontario has a current population of
13.7 million people and residents receive access to publicly
insured hospital and physician services. In 2016, there were
Copyright © 2018 Wolters Kluwer
approximately 10000 patients receiving dialysis, and 20000
patients were followed up in clinics for advanced chronic
kidney disease; living kidney donor transplants took place
in 5 transplant centers. This study was approved by the re-
search ethics board at Sunnybrook Health Sciences Centre,
Toronto, Canada. Data sets were linked using unique en-
coded identifiers and analyzed at the Institute for Clinical
Evaluative Sciences (ICES). The studywas conducted accord-
ing to a prespecified protocol and reporting of the study
followed standardized guidelines (Appendix 1, SDC, http://
links.lww.com/TP/B548).

Variables and Data Sources
We ascertained demographic characteristics, clinical fac-

tors, and outcomes using several linked databases. Informa-
tion on all living kidney donors and recipients in Ontario
were obtained from Trillium Gift of Life Network, chart ab-
straction, and the Canadian Organ Replacement Register da-
tabases, and included race, blood type, and donor-recipient
relationship. Additional donor information included the do-
nor's estimated glomerular filtration rate (eGFR) before dona-
tion. Additional recipient information included primary cause
of kidney failure, prior transplant history, and serum creati-
nine, hemoglobin, and albumin at the time of dialysis initia-
tion. Recipient referral dates were available for recipients
transplanted after 2010. Demographic variables were ob-
tained from the Registered Persons Database (age, sex, postal
codes to calculate the Euclidean distance to the transplant
center and to obtain neighborhood income quintiles from
the 2006 Canada Census). The Canadian Institute for Health
Information Discharge Abstract Database (CIHI-DAD) and
the Ontario Health Insurance Plan (OHIP) data sets were
used to determine if and when dialysis was initiated (and
whether it was started in the hospital or outpatient setting),
as well as to identify various nonrenal comorbidities among
recipients (Appendix 2, SDC, http://links.lww.com/TP/
B548).11 The ICES Physician Database and OHIP were used
to determine the start date of the living donors' evaluation
(Appendix 3-5, SDC, http://links.lww.com/TP/B548). Linked
laboratory databases were used to obtain the most recent re-
cipient serum creatinine at the time their donor initiated their
evaluation (±3months) and at the time of referral (±3months)
in a subset of patients. This database, the Ontario Laboratory
Information System, includes inpatient and outpatient test
values from hospital and commercial laboratories, together
accounting for 91% of Ontario's laboratory results by 2016.
Estimated glomerular filtration rate was calculated using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation (in mL/min per 1.73 m2).12 Dialysis costs were esti-
mated for recipients who started dialysis after March 2006
(which was the first available date in our data sources
when dialysis costs could be reliably ascertained). Costs
were tabulated from the public payers’ perspective using
OHIP billing codes (Appendix 2, SDC, http://links.lww.
com/TP/B548) plus resource intensity weights multiplied by
the cost per weighted case to calculate the cost per case (ie,
consumable materials, nursing staff, machine costs).13

Selection
The selection of living donor kidney transplants for this

study is presented in Figure 1. This study was restricted to pa-
tients who received a living kidney donor transplant, where
 Health, Inc. All rights reserved.
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FIGURE 1. Overview of inclusion/exclusion criteria for living kidney donors in this study. a Living kidney donors were identified through Trillium
Gift of Life Network. All living donors have a unique identification number that allows linkage across data sets. b These exclusions are not
mutually exclusive so do not sum to 358; nephrology consults within 2 weeks of donation and surgical consults within 2 days of donation
were not considered true consults (part of the preadmission process).c Healthcare procedures deemed appropriate start points for the living
donor evaluation.
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the transplants occurred between April 1, 2004, and March
31, 2014. In this study, we focused on the subset of living do-
nor transplants where the recipient was a first-time kidney
transplant recipient and was not on dialysis when the evalua-
tion process of the candidate who ultimately donated to them
was well underway. Living donors were required to be On-
tario residents for at least 2 years before donation to ensure
that information on the donor evaluation process was com-
plete and available in our data.We excluded donors whowere
missing a donation date, a nephrology consult, or a surgery
consult (Figure 1), because these donors were likely from outside
of Ontario or may have participated in a national kidney paired
donation program. We also excluded donors with unreasonable
patterns of procedures (ie, nephrectomy codes before donation
date) and those with a late-stage procedure captured as the first
procedure (ie, a living donor evaluation would not begin with a
nephrology consultation).

Measurements
In this study, a preemptive transplant was defined as the

absence of dialysis billing codes for the recipient before their
transplant. We considered a preemptive transplant poten-
tially possible if the recipient did not receive dialysis within
92 days after the donors' evaluation start date. For these re-
cipients, if dialysis was initiated before transplant, it was con-
sidered a “potential unrealized preemptive transplant.” Our
opinion is that 92 days (3 months) is a reasonable buffer time
to complete the evaluation (whichwould be the case if the do-
nor was motivated and eligible to donate). In sensitivity anal-
ysis, we extended this period to 4 and 6 months. The United
Kingdom 2020 strategy suggests that all potential donors
Copyright © 2018 Wolters Kluwer H
should be offered to complete the donor assessment within
4.5 months of referral (where appropriate).14 With the data
available to us, we could not reliably assess how many unre-
alized preemptive kidney transplants were preventable (ie,
there were modifiable reasons [inappropriate waiting] that
could be addressed to realize the preemptive kidney trans-
plant). For this reason, we deliberately use the wording “po-
tential” unrealized preemptive kidney transplant in this article.

We defined the total evaluation time as the time when the
donor started the evaluation (the earliest documented evalu-
ation testing) until the nephrectomy. We defined the total ap-
proval time as the time from the donor evaluation start until
the last specialist consult preceding nephrectomy. The proce-
dures that defined the start of the evaluation and the consults
that defined the approval date are presented in Appendix 5,
SDC (http://links.lww.com/TP/B548). We defined the time
for consults as the time from the first to the last nephrology,
psychosocial, or surgical evaluation; this was restricted to do-
nors who had all 3 consults and was limited to the most re-
cent of the 3 consults. These 3 consults are a standard part
of the donor candidate evaluation in all Ontario transplant
programs. All times were expressed in months.

Statistical Methods
Descriptive statistics included the mean (standard devia-

tion [SD]), median (25th, 75th percentile), and proportion
(95% confidence intervals), where appropriate.

We used a recommended approach to report risk ratios for
the association between characteristics and dialysis initiation
(ie, a potential unrealized preemptive kidney transplant; yes/no)
(estimates derived from modified Poisson regression models
ealth, Inc. All rights reserved.
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TABLE 1.

Donor, recipient, and transplant characteristics

Donor (n = 478) Recipient (n = 478)

Age at transplant: mean (SD), y 46.3 (10.9) 44.0 (14.2)
Sex
Female 301 (63%) 177 (37%)
Male 177 (37%) 301 (63%)

Racea

White 197 (79%) 171 (81%)
Other 53 (21%) 39 (19%)

Incomeb,c

5 (highest) 116 (24%) 116 (24%)
4 125 (26%) 126 (26%)
3 96 (20%) 95 (20%)c

2 78 (16%) 80 (17%)
1 (lowest) 63 (13%) 61 (13%)

Rural residencec,d

Urban 415 (87%) 418 (87%)c

Rural 63 (13%) 60 (13%)
Blood type
O 155 (60%) 160 (40%)
A 77 (30%) 167 (42%)
B <6 51 (13%)
AB <6 22 (5%)

Distance to transplant hospital, kmc

< 20 148 (31%) 124 (25%)c

20-39 115 (24%) 132 (28%)
40-89 118 (25%) 104 (22%)
> 89 97 (20%) 118 (25%)
Median (IQR) 33 (16-74) 29 (15-67)
mean (SD) 82 (142) 77 (145)

Donor eGFR at donation, mL/min per 1.73 m2a,e

> 89 281 (61%) —

80-89 80 (18%) —

< 80 96 (21%) —

mean (SD) 96.5 (14.1) —

Recipient eGFR at beginning of donor evaluation, mL/min per 1.73 m2a,e,f

> 19 — 30 (21%)
15-19 — 33 (23%)
10-14 — 57 (39%)
< 10 — 24 (17%)
mean (SD) — 16.2 (8.4)

Recipient referral (days after donor evaluation started)
Mean (SD) — 178 (430)
Median (25th to 75th percentile) — 22 (−66 to 322)
n (%) — 136 (28%)

Recipient eGFR at time of recipient referral, mL/min per 1.73 m2a.e,f

> 19 — 18 (18%)
15-19 — 24 (25%)
10-14 — 37 (38%)
< 10 — 19 (19%)
Mean (SD) — 14.3 (5.2)

Recipient comorbidity
Cardiovascular disease — 186 (39%)
IHD/CAD — 36 (8%)
Heart failure — 17 (4%)
Cancer — 104 (22%)
Diabetes — 63 (13%)
Hypertension — 384 (80%)

TABLE 1. (Continued)

Donor (n = 478) Recipient (n = 478)

Anemia — 29 (6%)
Anxiety/depression — 51 (11%)

Relationship to recipient
Sibling 115 (24%) —

Unrelated 79 (17%) —

Spousal 134 (28%) —

Parent 60 (13%) —

Child 59 (12%) —

Other relation 31 (6%) —

Cause of kidney failurea

Glomerulonephritis/autoimmune — 84 (26%)
Other — 78 (24%)
Polycystic — 75 (23%)
Diabetes — 47 (14%)
Unknown etiology — 42 (13%)

Year of transplant
2004-2007 — 155 (33%)
2008-2010 — 145 (30%)
2011-2014 — 178 (37%)

a Highly missing variable.
b Categorized into fifths of median neighborhood income from the 2006 Canada Census.
c Missing status assigned as “urban,” income quintile 3, or travel distance <20 km.
d Defined as a municipality with <10 000 persons.
e eGFR was calculated using CKD-EPI equation, in mL/min per 1.73 m2.
f recipient creatinine was measured ± 3 months of the evaluation start date or the recipient re-
ferral date.
<6—suppressed due to privacy (either <6 or another cell is <6 for the same variable).
IQR, interquartile range (25th to 75th percentile); IHD/CAD, ischemic heart disease/coronary ar-
tery disease.
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[proc genmod using a log link], a Poisson distribution, and a
repeated statement [for individuals] for robust standard error
estimation).15 To assess whether the results differed across
the 5 Ontario transplant programs that performed living do-
nor nephrectomies during the study period, we calculated the
intraclass correlation coefficient using mixed models treating
the transplant program as the clustering variable (as a mea-
sure of the proportion of the variance of the outcome ac-
counted for by differences in transplant program).

To comply with privacy regulations for minimizing the
chance of patient identification, 5 or fewer participants are
reported as less than 6. For similar reasons, the names of
the transplant programs and the number of transplants per
program were also suppressed. We used Statistical Analysis
Software Enterprise Guide version 6.1 (2013 by SAS Institute
Inc., Cary, NC) for all analyses.

RESULTS

Patient Population
A total of 478 living kidney donor transplants were in-

cluded in the primary analysis (Figure 1). Donors were a
mean 46 (SD, 11) years of age at the time of donation, most
were white (79%), female (63%), lived in an urban area
(87%), had higher neighborhood income (24% were in the
highest income quintile versus 13% in the lowest), and
lived a median of 33 (16-74) km from the transplant center
where they donated (Table 1). The predonation eGFR was
greater than 80 mL/min per 1.73 m2 in 79% of donors.
Recipients were similar to donors with respect to age at
 Health, Inc. All rights reserved.
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transplant (mean, 44; SD, 14 years), percent living in urban
areas (87%), and neighborhood income (24% in the highest
income quintile), but were more likely to be male (63%).

Most transplants occurred between spouses (28%), sib-
lings (24%), or unrelated donor-recipient pairs (17%)
(Table 1). The proportion of living donor transplants
performed in Ontario ranged from 6% to 31% across the
5 transplant programs.

Potential Unrealized Preemptive Kidney Transplant
A total of 478 persons (all who ultimately received a living

kidney donor transplant) were not on dialysis when the do-
nor candidate (who ultimately donated to them) was being
evaluated for at least 3 months. Recipient eGFR at the start
of their donors' evaluation was a mean (SD) of 16.2 (8.4)
mL/min per 1.73 m2, and in those with available data the re-
cipient eGFR at recipient referral was 14.3 (5.3) mL/min per
1.73 m2. For pairs with available data, the recipient referral
predated the date the donor candidate first contacted the
transplant program in 55 (40%) of 136 patients (mean
[SD] of −5.2 [4.8] months). Donor candidate first contact
predated the recipient referral in 80 (59%) of 136 patients
(mean [SD], 13.5 [13.9] months). The transplant programs
in Ontario typically put the donor candidate evaluation
on hold until the intended recipient is referred for
transplant evaluation.

A total of 167 (35%) of 478 recipients initiated dialysis be-
fore receipt of their transplant, which we consider potential
unrealized preemptive kidney transplants. In sensitivity anal-
yses, requiring the donor candidate to be evaluated for at
least 4 or 6 months when their recipient (who was not on di-
alysis) entered the cohort meant 144 (32%) of 451 recipients
and 111 (27%) of 412 recipients, respectively, initiated dialy-
sis before transplant.

The mean (SD) eGFR at the time of dialysis initiation was
8.5 (7.2) mL/min per 1.73 m2, serum albumin was 35.2 (7.0)
g/L, and serum hemoglobin was 105 (42) g/L. A total of 44
(26%) of the 167 recipients started dialysis as an inpatient
in the hospital setting. Recipients, who started dialysis during
their donors' evaluation did so in a median of 9.7 (5.4-18.7)
months after their donor started the evaluation, were trans-
planted a median 8.8 (3.6-16.9) months after starting dialysis,
and accrued amean of CAD$48717 (SD,CAD$55249) in di-
alysis costs, totallingCAD$8.1million for the cohort of 167 re-
cipients (2017 Canadian dollars). For recipients with available
data, the transplant program received the referral for re-
cipient evaluation a mean of 68 (SD, 913) days (median,
363 [198-448] days) before dialysis started.

Characteristics Associated With a Potential Unrealized
Preemptive Kidney Transplant

Associations between various characteristics and a poten-
tial unrealized preemptive transplant in an exploratory anal-
ysis are presented in Table 2. The recipient was more likely to
start dialysis if their donor was female (risk ratio [RR], 1.30;
0.99-1.70), if either the donor or recipient was from a lower-
income neighborhood (RR, 1.68 [1.16-2.43 and RR, 1.96
[1.35-2.85] for the lowest quintile vs the highest), and if
the donor was nonwhite (RR, 1.53 [1.02-2.30]). Recipient
nonrenal comorbidity was also a significant predictor of
starting dialysis, particularly the presence of cardiovascular
Copyright © 2018 Wolters Kluwer H
disease (RR, 1.31 [1.03-1.66]) and diabetes (RR, 1.37
[1.03-1.83]). Nonsignificant associations were observed for
anemia [RR 1.45 (0.98-2.14)], ischemic heart disease or cor-
onary artery disease (RR, 1.35 [0.94-1.95]), and anxiety or
depression (RR, 1.33 [0.95-1.88]). For recipients with avail-
able data, dialysis before transplant was more likely if there
was a longer delay between the donor's evaluation start date
and the date the transplant program subsequently received
the referral to begin the intended recipient's evaluation [RR,
1.03 [1.02-1.04]) per 30-day delay. Furthermore, a lower re-
cipient eGFR at referral was associated with an increased
likelihood of starting dialysis (RR, 0.93 [0.86-1.00]), whereas
no such association was observed for recipient eGFR at the
donor's evaluation start date. There were significant differ-
ences across transplant programs (P = 0.01), where 1 pro-
gram was 29% less likely to have a potential unrealized
preemptive transplant, whereas another program was 47%
more likely to do so when compared with a reference. How-
ever, between-center variability only accounted for 2.8% of
the total variability in potential unrealized preemptive trans-
plant rates (P = 0.16). After adjusting for donor sex, donor
income, and clustering by transplant program, the strength
of these associations changed very little (Table 2).

Time to Complete the Living Donor Evaluation
The median total donor evaluation time among donors

whose recipients were transplanted preemptively was 10.6
(6.4-21.6) months (mean, 15.3 [12.0] months). For those
who started dialysis during the evaluation, the median was
twice as long: 22.4 (13.1-38.7) months (mean, 25.4 [14.0]
months) (P < 0.0001) (Figure 2). Similar results were observed
for the time until approval: median, 9.13 (5.9-20.2) months
(mean, 14.3 [12.0] months) versus median 20.9 (11.7-37.8)
months (mean, 24.2 [14.0] months) (P < 0.0001), respectively.
In contrast, we did not observe a relationship with a prolonged
time to complete the major consultations with a higher
likelihood of potential unrealized preemptive transplant:
median, 6.01 (1.77-17.7) months (mean, 11.0 [11.9] months)
for preemptive transplants, median, 6.47 (2.50-15.8) months
(mean, 11.2 [11.4] months) for an unrealized potential pre-
emptive transplant (P = 0.87).
DISCUSSION
To our knowledge, no prior study has described recipient

outcomes in the context of the time to evaluate a living kid-
ney donor candidate. To address this, we studied a group of
people across 5 transplant programs in Ontario, Canada,
for the period 2004 to 2014, all who received living donor
kidney transplants. We found that a third of persons not re-
ceiving dialysis when their donor’s evaluation was well un-
derway initiated dialysis before receiving their living donor
kidney transplant. This dialysis cost was CAD $8.1 million,
and 44 of (26%) 167 recipients initiated their dialysis ur-
gently in hospital.

A recently published guideline in the United Kingdom has
recommended that 50% of all eligible recipients are transplanted
preemptively, and that all donors are able to complete their
workup in 18 weeks should they choose to do so.14We agree
with this and believe that, for a healthy, motivated donor
whose intended recipient has been cleared for transplant,
4 months is sufficient to complete a thorough evaluation
ealth, Inc. All rights reserved.



TABLE 2.

Characteristics associated with an unrealized potential preemptive transplant

Risk of an unrealized potential preemptive transplant

Preemptive transplant, no (%) Unadjusted Adjustedb

Variables Yes, n = 331 No, n = 167 RR (95% CI)a P RR (95% CI) P

Age at donation, yc 46.0 (11.0) 46.8 (10.7) 1.04 (0.93-1.17) 0.44 — —

Age at transplant, yc 44.3 (13.7) 43.5 (15.1) 0.98 (0.90-1.06) 0.59 — —

Sex (donor)
Male 125 (40%) 52 (31%) 1.0 (reference) 0.06 1.0 (reference) 0.06
Female 186 (60%) 115 (69%) 1.30 (0.99-1.70) 1.29 (0.99-1.69)

Sex (recipient)
Male 196 (63%) 105 (63%) 1.0 (reference) 0.97 — —

Female 115 (37%) 62 (37%) 1.00 (0.78-1.29)
Race (donor)
White 146 (82%) 51 (71%) 1.0 (reference) 0.04 1.0 (reference) 0.02
Other 32 (18%) 21 (29%) 1.53 (1.02-2.30) 1.58 (1.06-2.36)

Race (recipient)
White 123 (83%) 48 (77%) 1.0 (reference) 0.32 — —

Other 25 (17%) 14 (23%) 1.28 (0.79-2.07)
Income quintile (donor)d

5 (highest) 81 (26%) 35 (21%) 1.0 (reference) 0.002 1.0 (reference) 0.002
4 95 (31%) 30 (18%) 0.80 (0.52-1.21) 0.79 (0.52-1.20)
3 59 (19%) 37 (22%) 1.28 (0.88-1.86) 1.27 (0.87-1.84)
2 45 (14%) 33 (20%) 1.40 (0.96-2.05) 1.41 (0.97-2.06)
1 (lowest) 31 (10%) 32 (19%) 1.68 (1.16-2.43) 1.65 (1.15-2.39)

Income quintile (recipient)d

5 (highest) 84 (27%) 32 (19%) 1.0 (reference) 0.007 N/A —

4 89 (29%) 37 (23%) 1.06 (0.71-1.59)
3 60 (20%) 30 (18%) 1.21 (0.80-1.83)
2 47 (15%) 33 (20%) 1.50 (1.01-2.22)
1 (lowest) 28 (9%) 33 (20%) 1.96 (1.35-2.85)

Residence (donor)
Urban 268 (86%) 147 (88%) 1.0 (reference) 0.58 — —

Rural 43 (14%) 20 (12%) 0.90 (0.61-1.32)
Residence (recipient)
Urban 266 (86%) 147 (89%) 1.0 (reference) 0.41 — —

Rural 42 (14%) 18 (11%) 0.84 (0.56-1.27)
eGFR of donor at time of donation, mL/min per 1.73 m2e

> 89 187 (62%) 94 (60%) 1.0 (reference) 0.51 — —

80-90 48 (16%) 32 (20%) 1.20 (0.87-1.64)
< 80 65 (22%) 31 (20%) 0.97 (0.69-1.35)
eGFR of recipient when …f

Donor evaluation started 16.1 (7.7) 16.4 (10.3) 1.00 (0.97-1.04) 0.84 — —

Recipient referred 15.1 (4.7) 12.6 (6.0) 0.93 (0.87-1.00) 0.06 0.93 (0.86-1.00) 0.05
Recipient comorbidity
Cardiovascular disease 111 (36%) 75 (45%) 1.28 (1.00-1.63) 0.05 1.31 (1.03-1.66) 0.03
IHD/CAD 19 (6%) 17 (10%) 1.39 (0.96-2.01) 0.08 1.35 (0.94-1.95) 0.10
Heart failure suppressed suppressed 0.84 (0.40-1.77) 0.64 — —

Cancer 72 (23%) 32 (19%) 0.85 (0.62-1.17) 0.33 — —

Diabetes 34 (11%) 29 (17%) 1.38 (1.03-1.87) 0.03 1.37 (1.03-1.83) 0.03
Hypertension 252 (81%) 132 (79%) 0.92 (0.69-1.24) 0.60 — —

Anemia 15 (5%) 14 (8%) 1.42 (0.95-2.11) 0.09 1.45 (0.98-2.14) 0.06
Anxiety/depression 29 (9%) 22 (13%) 1.27 (0.90-1.79) 0.17 1.33 (0.95-1.88) 0.10

Time from donor evaluation start until recipient referralg −6 (−95 to 67) 321 (40-875) 1.03 (1.02-1.04) <0.0001 1.02 (1.02-1.04) <0.0001
Transplant centerh

1 — — 0.93 (0.67-1.31)
2 — — 1.0 (reference) 0.01 N/A —

Continued on next page
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TABLE 2. (Continued)

Risk of an unrealized potential preemptive transplant

Preemptive transplant, no (%) Unadjusted Adjustedb

Variables Yes, n = 331 No, n = 167 RR (95% CI)a P RR (95% CI) P

3 — — 0.71 (0.46-1.10)
4 — — 1.47 (1.09-1.99)
5 — — 1.13 (0.66-1.93)

Relationship
Spouse 87 (28%) 47 (28%) 1.0 (reference) 0.60 — —

Sibling 81 (26%) 34 (20%) 0.84 (0.59-1.21)
Parent 38 (12%) 22 (13%) 1.05 (0.70-1.57)
Child 33 (11%) 26 (16%) 1.26 (0.87-1.82)
Other relation 21 (7%) 10 (6%) 0.92 (0.53-1.61)
Unrelated 51 (16%) 28 (17%) 1.01 (0.69-1.47)

Cause of kidney failure
GN/autoimmune 45 (26%) 39 (25%) 1.0 (reference) 0.18 1.0 (reference) 0.21
Polycystic 41 (24%) 34 (22%) 0.98 (0.70-1.37) 0.97 (0.70-1.35)
Diabetes 18 (10%) 29 (19%) 1.33 (0.96-1.83) 1.30 (0.96-1.77)
Other 41 (24%) 38 (24%) 1.04 (0.75-1.43) 1.01 (0.73-1.39)
Unknown etiology 27 (16%) 15 (10%) 0.77 (0.48-1.23) 0.78 (0.49-1.24)

Year of transplant
2004-2007 101 (32%) 54 (32%) 1.0 (reference) 0.54 — —

2008-2010 99 (32%) 46 (28%) 0.91 (0.66-1.26)
2011-2014 111 (36%) 67 (40%) 1.08 (0.81-1.44)

Distance to transplant center (donor), km
< 20 93 (30%) 55 (33%) 1.0 (reference) 0.87 — —

20-39 78 (25%) 37 (22%) 0.87 (0.62-1.21)
40-89 77 (25%) 41 (25%) 0.94 (0.68-1.29)
90+ 63 (20%) 34 (20%) 0.94 (0.67-1.33)

Distance to transplant center (recipient), km
< 20 83 (27%) 39 (23%) 1.0 (reference) 0.65 — —

20-39 89 (29%) 43 (26%) 1.02 (0.71-1.46)
40-89 64 (20%) 40 (24%) 1.20 (0.84-1.72)
90+ 74 (24%) 44 (27%) 1.17 (0.82-1.65)

a RR (risk ratio) estimated using modified Poisson regression (Poisson distribution, log link, robust standard error estimation). A risk ratio greater than 1.0 refers to a higher risk of starting dialysis (a potential pre-
emptive transplant lost).
b adjusted for donor sex and donor income quintile, and clustering by transplant center.
c risk ratio refers to 10-year increment.
d categorized into fifths of median neighborhood income from the 2006 Canada Census.
e calculated using CKD-EPI equation (mL/min per 1.73 m2). Clinical cut-points used.
f calculated using CKD-EPI equation (mL/min per 1.73 m2), creatinine was measured at the time the donors’ evaluation started (±3 months) or at the time of recipient referral (±3 months). The RR corresponds to a
1-mL/min per 1.73 m2 increment in eGFR. Results were similar if categorized as 20+, 15-19, 10-14, and <10 mL/min per 1.73 m2 (P = 0.45 for eGFR at donor evaluation start; P = 0.06 for eGFR at
recipient referral).
g calculated as the time from the donor evaluation start date until the recipient referral date. Negative values mean the recipient was referred to the transplant center before the donor evaluation started. Risk ratio
reflects a 30-day increment.
h transplant center codified for privacy.
CI, confidence interval; N/A, not applicable (for recipient income quintile this is due to collinearity with donor income quintile; for transplant center, this variable is the clustering variable).
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while providing sufficient time for donor reflection. The time
to complete the necessary nephrology, surgery, and psychoso-
cial consultations, therefore, should not be measured on the
order of months and presents an opportunity for improve-
ment. We are aware that some centers (including ours) have
transitioned toward scheduling these consults on the same
day or within 2 consecutive days of each other, particularly
for donor candidates who live far from the transplant center.
There is some evidence to suggest that centers that conduct
same-day consults may have a faster time until approval.10

There appeared to be a fair amount of consistency on how
Ontario transplant programs evaluate living kidney donor
candidates, which was evident when setting standards for
the Canadian national kidney paired donation program.16

However, operational decisions aremade by individual living
Copyright © 2018 Wolters Kluwer H
donor programs, and there is currently no recommendation
on the timeliness of the evaluation.9 Thus, we do expect var-
iability in preemptive transplantation rates across transplant
programs, much like variability in recipient referral rates ob-
served across dialysis centers.17 Some of this variability may
be due to donor evaluation protocols at each program and
determining how protocols affect the timeliness of the evalu-
ation should be a focus of future work.

We believe these novel observations should be the focus of
quality improvement efforts.18 In the current study, we did
not address the degree to which these dialysis starts could
have been prevented, nor did we have information on rea-
sons for the length of the evaluation for the donor or the
intended recipient. Some of the delay in the donor candi-
date evaluation process may be because of the unpredictable
ealth, Inc. All rights reserved.



FIGURE 2. Boxplots showing the distribution of donor evaluation
times. The time to complete the evaluation was defined as the period
from evaluation start until nephrectomy. Boxes represent interquartile
ranges (25th to 75th percentile). Horizontal lines indicate median
(50th percentile). Circles represent means. Horizontal lines represent
the upper fence (75th percentile plus 1.5� interquartile range) and
lower fence (25th percentile minus 1.5� interquartile range). Plus
symbols indicate points that fall outside the fence.
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nature of kidney failure. For example, it is possible that the
recipient’s health suddenly deteriorated, placing the living
donors' evaluation on hold until the recipient was well
enough after receiving dialysis to receive a kidney transplant.
This may avoid unnecessary donor workup in case the recip-
ient is no longer eligible for transplantation or avoid expira-
tion of some donor's test results until the recipient is eligible
again. Conversely, deterioration of the recipient’s health may
result in an expedited living donor evaluation to transplant
the intended recipient before their health deteriorates further
(ie, before dialysis initiation, before potential transplant inel-
igibility). Although the donor and recipient evaluations are
mostly independent, there is some communication that at-
tempts to optimize coordination, outcomes, resource utiliza-
tion, and donor burden. Other reasons for delay may result
when more time is needed to complete a thorough evaluation,
including initial test results that required further investigation,
clearance of the donor related to any preexisting comorbid-
ity, or the requirement that some donor candidates change
their lifestyle (eg, lose weight or reduce their smoking).19,20

Delays because of these reasons are appropriate and may be
necessary to uphold the quality of the evaluation and the
safety of donor candidate approval. However, in this study,
the living donor evaluation was underway for almost
10 months before 50% of the recipients in this group started
dialysis, a sufficient amount of time to complete an evalua-
tion even in the presence of some delay. Moreover, delays
may stem from the donor or the intended recipient as they
come to terms with living donor kidney transplantation.21,22

Determining what factors are modifiable will be critical to be
able to modify them and reduce the proportion of recipients
starting dialysis.

This study also has other important limitations that should
be addressed in future studies. First, the date of first con-
tact and date of approval were obtained by proxy. Although
our estimates of the total evaluation time (which includes all
the time until nephrectomy) aligns with our clinical experi-
ence and is consistent with prior reports,23 the validity of this
estimate needs to be substantiated by using more accurate
Copyright © 2018 Wolters Kluwer
(and agreed-upon) start dates. The date the living donor first
contacted the transplant program was unavailable, but is
now being actively collected by Ontario transplant pro-
grams. The date of approval is important because many fac-
tors can influence the time until donation even after the
donor has been approved to donate. Also, because evaluation
practices in Ontario may differ from those used in other re-
gions, the time until approvalmay allow additional comparisons
to be made, and multiple metrics may be more informative than
singlemetrics in isolation. Second, only patients who received
a living kidney donor transplant were included in this study.
It remains to be established whether improvements in the
time to evaluate donor candidates can prevent lost opportu-
nity for living donor transplants (eg, due to competing events
like intended recipient illness, death, or deceased donor kidney
transplantation)24,25 or influences candidates who drop out
during the evaluation process.18 Donor candidates who did
not donate are not currently identifiable from administrative
data sets alone. Further, many data on recipient referral dates
were missing, and we did not have information on when the
intended recipient was approved for transplantation. Finally,
among recipientswho had no relation to their donors, wewere
unable to disentangle the effects of nondirected anonymous
donation versus kidney paired donation.26,27

In our exploratory analysis, several characteristics were as-
sociated with a greater likelihood of not realizing a potential
preemptive living donor kidney transplant. Donors whowere
female, nonwhite, and lived in a low-income neighborhood
were all less likely to donate preemptively. These characteris-
tics are all difficult or impossible to modify, but understanding
the mechanism may suggest areas where potential modifica-
tions may be possible. We did find dialysis before transplant
was more likely if the recipient was referred with a lower
eGFR, and if there was a longer delay between the donor's
evaluation start date and the date the transplant program
subsequently received the referral to begin the intended recip-
ient's evaluation. These suggest earlier recipient referrals may
prevent some recipients from starting dialysis. In Ontario,
there is a guideline for intended recipients to undergo several
tests, including cardiac assessment organized by their ne-
phrologist before submitting a referral package to a trans-
plant program for evaluation.28 Often, donor candidates
contact transplant programs while pretransplant-referral
testing for their recipient is underway, but the transplant pro-
grams usually do not advance the donor candidate evalua-
tion until they receive a referral package for the intended
recipient (as is the general approach in Ontario). From 1 per-
spective, it may not be worthwhile spending resources evalu-
ating donors before their intended recipient is referred
becausemany of these recipientsmay not be eligible for trans-
plant or may never be referred, thereby wasting time and re-
sources that could be spent on other donor evaluations. On
the other hand, the potential implications of a late referral
could at least partly be offset by a donor evaluation that is ei-
ther quicker or starts before the recipient is referred. If the re-
cipient is never referred or is not a transplant candidate, then
this may result in some donor candidates pursuing nondi-
rected donation instead. There is clearly a tradeoff here that
should be studied, because this is a potentially modifiable
area for quality improvement. In this study, we only reported
data from 5 transplant programs in Ontario; our impression
is these programs are similar to others throughout Canada,
 Health, Inc. All rights reserved.
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but we do not have data to corroborate this. We believe that
this metric (the proportion of potential preemptive transplants
that were unrealized) should be measured and reported by
all programs nationally and internationally to facilitate com-
parisons and quality improvement efforts.

In conclusion, by linking donor evaluation times with re-
cipient outcomes, this study raises the possibility of some
modifiable adverse impact of a prolonged living donor evalu-
ation process. These effects might not only be restricted to
recipient health outcomes but also may extend to the living
donor’s experience and to healthcare costs attributable to
starting and/or maintaining dialysis until transplantation.29,30

These findings inform future research and quality improve-
ment activities that aim to help patients with kidney failure
improve their chances of realizing a preemptive kidney trans-
plant from a living donor.
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