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Abstract

Background: Few studies have assessed outcomes in transplant recipients with failing grafts as most studies have focused
on outcomes after graft loss.

Objective: To determine whether renal function declines faster in kidney transplant recipients with a failing graft than in
people with chronic kidney disease of their native kidneys.

Design: Retrospective cohort study.

Setting: Alberta, Canada (2002-2019).

Patients: We identified kidney transplant recipients with a failing graft (2 estimated glomerular filtration rate [eGFR]
measurements |5-30 mL/min/1.73 m? =90 days apart).

Measurements: We compared the change in eGFR over time (eGFR with 95% confidence limits
competing risks of kidney failure and death (cause-specific hazard ratios [HRs], - HR ¢ ).

Methods: Recipients (n = 575) were compared with propensity-score-matched, nontransplant controls (n = 575) with a
similar degree of kidney dysfunction.

Results: The median potential follow-up time was 7.8 years (interquartile range, 3.6-12.1). The hazards for kidney failure
(HR, 1.33,,) and death (HR, ,,1.59, ;,) were significantly higher for recipients, while the eGFR decline over time was similar
(recipients vs controls: ,,—2.27 | o, Vs ,,~2.21 o mL/min/1.73 m? per year). The rate of eGFR decline was associated with
kidney failure but not death.

Limitations: This was a retrospective, observational study, and there is a risk of bias due to residual confounding.
Conclusions: Although eGFR declines at a similar rate in transplant recipients as in nontransplant controls, recipients have a
higher risk of kidney failure and death. Studies are needed to identify preventive measures to improve outcomes in transplant
recipients with a failing graft.
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Abstract

Abrege Contexte: Peu d’études ont évalué les résultats chez les patients transplantés dont le greffon est défaillant; la
majorité des études s’étant plutdt concentrées sur les résultats apreés la perte du greffon.

Obijectif: Vérifier si la fonction rénale décline plus rapidement chez les patients transplantés dont le greffon est défaillant que
chez les personnes souffrant d’une insuffisance chronique sur reins natifs.

Conception: Etude de cohorte rétrospective.

Cadre: Alberta, Canada (2002 a 2019).

Sujets: Nous avons identifié des patients transplantés dont le greffon est défaillant (défini par deux mesures du débit de
filtration glomérulaire estimé [DFGe] de 15-30 ml/min/1,73 m? 2 au moins 90 jours d’intervalle).

Mesures: Nous avons comparé I'évolution du DFGe dans le temps (DFGe avec intervalles de confiance [IC] a 95 % inférieur
et supérieur: | DFGe,() et les rapports de risque d’insuffisance rénale et de déces (intervalles de rapport de risque (RR) lié
a la cause: | RR ).

Méthodologie: Les transplantés dont le greffon est défaillant (n=575) ont été comparés a des témoins non transplantés
(n=575) appariés selon le score de propension et présentant un niveau similaire de dysfonctionnement rénal.
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Résultats: Le temps médian de suivi potentiel était de 7,8 ans (EIQ: 3,6 a 12,1). Les risques d'insuffisance rénale (RR:
101133 ¢o) et de décés (RR: |, 1,59, ;) étaient significativement plus élevés chez les transplantés dont le greffon est défaillant,
mais le déclin du DFGe au fil du temps était similaire dans les deux groupes (receveurs: , ,;-2,27 | 5, ml/min/1,73 m? par an;
témoins: ,¢,-2,21 4 ml/min/1,73 m? par an). Le taux de déclin du DFGe a été associé a une insuffisance rénale terminale,
mais pas au déces.

Limites: Il s’agit d’'une étude observationnelle rétrospective et il existe un risque de biais di a des facteurs de confusion
résiduels.

Conclusion: Bien que le DFGe décline a un rythme similaire chez les transplantés dont le greffon est défaillant et les témoins
non transplantés, le risque d’insuffisance rénale terminale et de décés est plus élevé pour les transplantés. D’autres études
sont nécessaires pour identifier les mesures préventives qui pourraient améliorer les résultats des patients transplantés dont

le greffon est défaillant.
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Introduction

Modern immunosuppression regimens have improved
graft survival following kidney transplantation,' yet most
kidney allografts will still fail at some point during the
lifetime of the recipient.? Previous studies have not ade-
quately assessed outcomes in transplant recipients with
failing grafts as most studies have focused on outcomes
after graft loss.>*

There is a lack of data comparing transplant recipients
with a failing graft to nontransplant controls with chronic
kidney disease (CKD). Previously, we have shown that
kidney transplant recipients with a failing graft had a
higher hazard of death and a higher rate of all-cause hospi-
talization compared with matched, nontransplant controls.’
It is unclear whether kidney disease progresses more
quickly in transplant recipients with a failing allograft
compared with nontransplant controls with similar levels
of kidney function. Given the high risk of adverse events
associated with severe kidney dysfunction (ie, estimated
glomerular filtration rate [eGFR] below 30 mL/min/1.73
m?), information on kidney disease progression in failing
grafts may have prognostic and clinical implications.®’

We performed a retrospective cohort study to determine
whether the rate of progression of kidney disease is greater
among patients with a failing kidney allograft than in non-
transplant controls with a similar degree of native kidney
dysfunction. We also studied the absolute risks of kidney
failure and death without kidney failure and how eGFR
decline may impact these risks.

Methods
Design and Setting

We conducted a population-based cohort study using linked
health care databases within the Alberta Kidney Disease

Network, which receives data from Alberta Health, the pro-
vincial health ministry. More than 99% of Alberta residents
are registered with Alberta Health and have universal access
to hospital care and physician services. We followed guide-
lines for the reporting of observational studies (Table S1) and
a protocol approved by the research ethics boards at the
University of Alberta and the University of Calgary, with a
waiver of patient consent.

Data Sources

We ascertained baseline characteristics, information about
covariates, and outcome data from database records (Table
S2). The Alberta Health database contains information on
demographic data, vital statistics, and diagnostic and proce-
dural information for inpatient and outpatient physician ser-
vices. We identified kidney transplant recipients from the
Alberta Kidney Care—North and South databases, which
provide care to all patients treated with maintenance dialysis
or kidney transplantation in the province. We linked these
data sources to a provincial laboratory repository via unique,
encoded, patient identifiers. The serum creatinine measure-
ments obtained in our databases have been standardized
across provincial laboratories over time, reducing interlabora-
tory variation in measurements.® We identified comorbidities
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using diagnostic or procedural codes from the International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) and International Statistical
Classification of Diseases, Tenth Revision (ICD-10) in the 3
years prior to the index date using validated algorithms,
whenever possible (Table S2).%1°

Populations

Kidney transplant recipient population. We considered all
kidney transplant recipients alive with a functioning graft
between May 1, 2002, and December 31, 2017, in Alberta.
We excluded pediatric recipients (<18 years old), recipi-
ents with a previous organ transplant, and recipients who
had received a simultaneous multiorgan transplant (eg,
kidney-pancreas).

We used laboratory data to identify kidney transplant
recipients who achieved a functioning graft post-transplant
and then experienced a loss of graft function during the
study period. We calculated the eGFR using the CKD-EPI
equation ignoring the coefficient for race (2009 Chronic
Kidney Disease Epidemiology Collaboration). We included
recipients who survived at least 1 year with a functioning
graft defined as at least 1 eGFR >30 mL/min/1.73 m?> mea-
surement after the first transplant year. We considered only
eGFR measurements beyond the first year post-transplant
to ensure the stability of graft function and the immuno-
suppression regimen.®!! We excluded recipients who had
graft failure (death or return to dialysis) within a year post-
transplant or whose baseline eGFR was <30 mL/min/1.73
m? throughout the entire follow-up period. From this initial
cohort, we identified an incident cohort of recipients who
experienced a decline in graft function based on at least 2
outpatient eGFR measurements between 15 and 30 mL/
min/1.73 m? that were obtained between 90 and 365 days
apart (sustained G4 or stage IV CKD). We excluded recipi-
ents who had an eGFR <15 mL/min/1.73 m? or who
received dialysis in between these 2 measurements. We
used the second of the 2 eGFR measurements as the index
date for follow-up. Finally, we excluded recipients who
did not have evidence of an outpatient nephrology visit
within a year prior to the index date.

CKD population. We identified members of the general popu-
lation in Alberta with a similar degree of CKD between May
1, 2002, and December 31, 2018. As in the transplant recipi-
ent population, we identified adults (=18 years old at first
eGFR >30 mL/min/1.73 m?) with at least 2 outpatient eGFR
measurements between 15 and 30 mL/min/1.73 m? that were
obtained between 90 and 365 days apart, without dialysis or
an eGFR <15 mL/min/1.73 m? between measurements, to
ensure chronicity. The date of the second of these 2 measure-
ments was used as the index date for follow-up. We excluded
patients who had evidence of a previous kidney or other

organ transplant or were on maintenance dialysis prior to
their index date. To enhance comparability, we excluded
people with CKD who did not have evidence of an outpatient
nephrology visit within a year prior to the index date.

Matching

We used propensity-score methods to match kidney transplant
recipients with a failing graft to nontransplant controls with
CKD in a 1:1 ratio. We estimated the propensity score as the
conditional probability of receiving a transplant using a logistic
regression model in which we regressed transplant status on the
following baseline covariates: age (and its squared term), sex,
socioeconomic status (quintile of neighborhood income), loca-
tion of residence (urban vs rural), distance from home to trans-
plant center, index eGFR, index albuminuria, and baseline
comorbidities. We modeled age, distance from the patient’s
home to the transplant center, and index eGFR as continuous
variables. To enhance group comparability, we specified exact
matching for categories of index year (<2005, 2005-2009,
2010-2014, and =2015), age (<65 and =65 years), sex (men
and women), nonmetastatic cancer (present and absent), and
albuminuria.

For matching, demographic data were complete except for
socioeconomic status, location of residence, and index albu-
minuria (=5% missing in the kidney transplant recipient
cohort). Those with missing socioeconomic data were reclassi-
fied in the third (middle) quintile of neighborhood income and
those with missing location of residence data were reclassified
as urban. Due to its potential to indicate a lower level of quality
of care, we treated missing index albuminuria as a separate cat-
egory such that the resulting variable was categorical with 4
levels (ie, none/mild, moderate, severe/nephrotic, or missing).
We matched transplant recipients to nontransplant controls on
the propensity score using a caliper width equal to 0.2 of the
standard deviation of the propensity score. We matched with-
out replacement using a greedy nearest neighbor algorithm in
random order. We compared differences in baseline character-
istics between transplant recipients and nontransplant CKD
patients using graphical methods and standardized differences.
A standardized difference less than 10% was considered to be
indicative of a negligible difference between groups.'? We used
the Matchlt package (version 3.0.2) in R (version 4.0.2) for
matching, !>

Follow-up and Outcomes

We followed participants from their index date until the first
of all-cause mortality (death before kidney failure), kidney
failure, or a censoring event (emigration from the province
or end of study, March 31, 2019). The primary outcome was
the change in eGFR over time. The secondary outcomes
were kidney failure and death before kidney failure. We
defined kidney failure as the earlier of the initiation of kid-
ney replacement therapy (maintenance dialysis or kidney
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transplantation) or sustained eGFR <10 mL/min/1.73 m?
(based on 2 eGFR measurements <10 mL/min/1.73 m? that
were 90-365 days apart). In a sensitivity analysis, we defined
kidney failure as the initiation of kidney replacement therapy
only.

Statistical Analysis

We compared baseline characteristics between recipients and
matched controls using standardized differences, using a cut-
off of 10% for meaningful imbalance.'> We determined the
quantiles of the potential follow-up time distribution based
on the Kaplan-Meier method applied to the censored times,
reversing the roles of event status and censoring.

We used a linear mixed-effects model with a random
intercept and slope to estimate the change in eGFR per year
accounting for within-person correlations in the measure-
ments. To improve model convergence, we used semester
means (the average of eGFR measurements within a 6-month
period) for each person. We used joint modeling (JM pack-
age in R) to estimate the longitudinal outcome (eGFR with
95% confidence limits, ; ., éGFR,, ) and the event outcomes
(kidney failure and death without kidney failure) to account
for possible informative censoring.

We summarized the competing risks of kidney failure and
death using nonparametric cumulative incidence functions.
We estimated the hazard ratios (; .; HR;;(; ) for kidney failure
and death using cause-specific Cox regression. We assessed
model validity and goodness of fit by means of formal tests
and graphical methods based on residuals. We accounted for
the matched nature of the sample using robust variance esti-
mation."”” We used R version 4.0.2 (R-project.org) for all
analyses.

Results

Baseline Characteristics

There were 2875 prevalent kidney transplant recipients in
Alberta, Canada, between May 1, 2002, and December 31,
2017. Of these, 624 (22%) recipients met the study inclusion
criteria (Figure S1). We were able to match 575 recipients
with a failing graft (92%) to 575 nontransplant controls who
had a similar degree of chronic kidney dysfunction (Figure
S2). As expected, the 2 populations were substantially differ-
ent prior to matching (Table S3), but were comparable after
matching with all measured standardized differences <10%
(Table 1).

The baseline characteristics for the cohort are presented in
Table 1. For the matched kidney transplant recipients, the
median age was 57 years (interquartile range [IQR], 46-67)
and 39% of participants were women. The index eGFR was
27 mL/min/1.73 m? (IQR, 24-29). The median time from
transplant to the index date for the recipients was 6 years
(IQR, 2-10).

The median potential follow-up time was 7.8 years (IQR,
3.6-12.1) for kidney transplant recipients and 7.9 years (IQR,
3.7-12.2) for nontransplant controls. Of the 1150 total indi-
viduals, 221 (19%) died (125 recipients vs 96 controls), 294
(26%) started kidney replacement therapy (182 vs 112), 156
(14%) reached sustained eGFR <10 mL/min/1.73 m? (54 vs
102), 15 (1%) emigrated from the province (5 vs 10), and
464 (40%) were event-free at the study end date (209 vs
255).

Change in Kidney Function

The median number of eGFR measurements was 32 for
transplant recipients and 23 for nontransplant controls, while
the median number of semester measurements was 6 and 7,
respectively. The average decrease in eGFR was over 2 mL/
min/1.73 m? per year, which was similar between the 2
groups in both the separate linear model and the joint model
(joint model results for recipients vs controls: , (—2.27 | 4,
Vs 55,221 | oo mL/min/1.73 m? per year; P = .73; Figure 1
and Table 2).

Mortality and Kidney Replacement Therapy

The overall rate of kidney failure was higher in transplant
recipients than in nontransplant controls (recipients vs
controls: ¢ ,,10.64,, 1, VS (;8.05, 5 per 100 person-years)
as was the rate of death without kidney failure (recipients
vs controls: , (5.64 . Vs, ¢43.61, 5, per 100 person-years).
The absolute risks of kidney failure and death were higher
in the transplant recipient cohort (Figure 2). The cause-
specific HRs of kidney failure and death of transplant
recipients compared with nontransplant controls were
110133, 4 and | ,,1.59, -, respectively (Table 2). In the
joint model, the conditional HR of death remained the
same, while the HR of kidney failure was higher. According
to this model, for every 1 mL/min/1.73 m? eGFR decrease
per year, there was a | ;,1.42, ,,-fold increase in the hazard
of kidney failure in both transplant recipients and non-
transplant controls; whereas there was no significant asso-
ciation between eGFR decline and death without kidney
failure (HR,,,1.01,,,) (Table 2). Results were similar
when kidney failure was restricted to kidney replacement
therapy only (Table S4).

Discussion

In this study of 575 recipients and 575 nontransplant con-
trols, we found that although kidney function declines at a
similar rate between the 2 groups, the hazards for both kid-
ney failure and death without kidney failure were signifi-
cantly higher for kidney transplant recipients. In both groups,
the rate of eGFR decline was associated with kidney failure,
but not with death. This suggests that transplant recipients
have a higher risk of progression to kidney failure than
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Table I. Baseline Characteristics of Kidney Transplant Recipients With a Failing Graft and Matched Nontransplant Controls With
Chronic Kidney Disease at the Time of Cohort Entry.?

Characteristic

Transplant recipients

(n = 575)

Nontransplant controls

(n = 575)

Standardized difference®

Age, y
=65

Women

Socioeconomic status®
Lowest quintile
Second quintile
Middle quintile
Fourth quintile
Highest quintile

Urban residence

Distance to transplant center, km*®

<50
50.1-150
150.1-300
>300
Transplant era
1994-2000
2001-2010
2011-2017
Missing
Transplant to index date, y
Index date
<2005
2005-2009
2010-2014
=2015
Index eGFR, mL/min/1.73 m?
26-30
21-25
15-20
Index albuminuria
None/mild
Moderate
Severe
No measurement
Comorbidities’
Hypertension
Diabetes mellitus
Myocardial infarction
PCI/CABG
Heart failure
Atrial fibrillation
Stroke/ TIA
Peripheral vascular disease
Chronic pulmonary disease
Peptic ulcer disease
Liver disease
Dementia
Lymphoma
Cancer (nonmetastatic)

57.0 [46.4-66.7]
178 31)
225 (39)

139 (24)
149 (26)
11 (19)
84 (15)
92 (16)
464 (81)

25.5 [13.8 - 160.9]

361 (63)
65 (1)
76 (13)
73 (13)

142 (25)
254 (44)
93 (16)

86 (15)

6.1 [2.4-10.1]

72 (13)
172 (30)
161 (28)
170 (30)
26.8 [24.1-28.6]
389 (68)
134 (23)
52 (9)

174 (30)
158 (27)

218 (38)
25 (4)

395 (69)
226 (39)
34 (6)
21 (4)
71 (12)
39 (7)
33 (6)
24 (4)
77 (13)
13 ()
18 (3)
9 ()
Q)
43(7)

57.4 [47.5-66.7]
178 31)
225 (39)

151 (26)
147 (26)
107 (19)
84 (15)
86 (15)
468 (81)

248133 - 161.9]

360 (63)
65 (11)
73 (13)
77 (13)

N/A
N/A
N/A
N/A
N/A

63 (1)
181 (31)
161 (28)
170 (30)

27.1 [24.0-28.7]
386 (67)
151 (26)
38 (7)

174 (30)

158 (27)

218 (38)
25 (4)

387 (67)
227 (39)
31 (5)
23 (4)
85 (15)
40 (7)
24 (4)
36 (6)
63 (1)
14 (2)
22 (4)
8 (1)

2 (0)
43 (7)

3.6
0
0

48
0.8
1.8
0
29
1.8
|
04
0
1.6
2.1

N/A
N/A
N/A
N/A
N/A

o O O o

0.4
23
1.8
7.1
0.7
72
9.4
7.5
I.1
3.8
1.4
14.8

(continued)
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Table 1. (continued)

Transplant recipients Nontransplant controls
Characteristic (n = 575) (n = 575) Standardized difference®
Cancer (metastatic) 4(1) 4(1) 0
HIV/AIDS 2 (0) 2 (0) 0

Data are presented as number (%) or as median [interquartile range].

AIDS = acquired immunodeficiency syndrome; CABG = coronary artery bypass graft; eGFR = estimated glomerular filtration rate; HIV = human
immunodeficiency virus; N/A = not applicable; PCI = percutaneous coronary intervention; TIA = transient ischemic attack.

*The time of cohort entry is the date of the second of 2 eligible eGFR measurements.

®Standardized differences provide a measure of the difference between groups divided by the pooled standard deviation; >10% is interpreted as a
meaningful difference between the groups.

‘Income was categorized according to fifths of average neighborhood income (I = low, 5 = high).

dUrban indicates a population >10000 or a population >1000 with a population density >400/km?.

¢Values >500 km were imputed as 500 km.

fAssessed by the presence of diagnostic or procedural codes in the 3 years prior to the index date, based on validated algorithms, where applicable (Table S2).

Table 2. Model Results for Change in eGFR and Hazard of Kidney Failure or Death Comparing Transplant Recipients With a Failing
Graft to Matched Nontransplant Controls With Chronic Kidney Disease at the Time of Cohort Entry.

Linear mixed-effects model Cause-specific Cox model Joint model

Change in eGFR (mL/min/1.73 m? per year)

Transplant recipients o= 164, 5, N/A 260227 54

Nontransplant controls 0178 5 N/A 2522140
Hazard ratios of kidney failure and death in transplant recipients versus nontransplant controls

Kidney failure N/A oh-331 60 2052-685 45°

Death N/A 12115967 123160y
Hazard ratios of kidney failure and death for every | unit decline in eGFR in transplant recipients versus nontransplant controls

Kidney failure N/A N/A 137142, 47

Death N/A N/A 099101, 0

Data are presented as eGFR with 95% confidence limits (., eGFR ) or hazard ratios with 95% confidence limits ( . HR ). eGFR = estimated
glomerular filtration rate; HR = hazard ratios; N/A = not applicable.

2Conditional (as opposed to marginal) HRs reflect the individual tendency to experience the event of interest as opposed to the population average
tendency to fail.

—, nontransplant controls, independent of eGFR decline.
Transplant Recipients = | Non-Transplant Controls Targeted interventions to prevent sudden drops in eGFR may
prolong graft survival.

These results build upon our previous study in which we
reported that kidney transplant recipients with a failing graft
had a higher hazard of death (HR |,;1.54, ) and a higher
rate of all-cause hospitalization (rate ratio , ,,1.67, ,,), com-
pared with nontransplant controls, over a median follow-up
of 5 years.’ In that study, we considered outcomes that
occurred before and after the initiation of kidney replace-
ment therapy. In this study, we found that the 2 competing
risks of kidney failure and death without kidney failure were
higher in recipients compared with nontransplant controls.
The risk of kidney failure was higher regardless of how we
defined kidney failure and initiation of kidney replacement
therapy alone or in combination with a sustained drop in
00 25 50 75 10.0 eGFR <10 mL/min/1.73 m?. Urgent actions are needed to

Years narrow this gap in outcomes and ensure optimal use of scarce
Figure 1. Mean decline in eGFR in transplant recipients and res?rliar;ess.l .. likel hitiate Kid-
nontransplant controls (joint model). plant recipients may l?e more 1 ely t‘? {nlt‘late 1‘d
eGFR = estimated glomerular filtration rate. ney replacement therapy given their familiarity with

30

[}
o
L

eGFR (ml/min/1.73 m?)
3
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. Kidney failure . Death
Transplant Recipients Non-Transplant Controls
0.80+ r0.80
0.60+ 0.60
[ &
= w
) o
5 =
S 0.40- 0407
2 =3
< =
0.20+ 0.20
0.00+ 0.00
0 8 10 0 2 10
Time (Years)
At-risk: 575 489 401 327264 211 166 131 107 83 57 | 575 443 355 281 208 163 129 103 79 60 46

Figure 2. Absolute risk of kidney failure and death in kidney transplant recipients and nontransplant controls (cumulative incidence

functions).

treatment options, including the transplant referral and
assessment process. Although this could lead to a higher
number of pre-emptive retransplantations, it is unlikely to
have a significant impact on our results. The majority of
kidney replacement therapy in our cohort was initiation of
dialysis, and transplant recipients are more likely to initi-
ate dialysis for many reasons. In addition to being familiar
with dialysis treatment options, they are followed closely
by nephrologists and may have a functioning fistula in
place from their previous time on dialysis. At a given
eGFR, nephrologists may be more likely to start dialysis in
a transplant recipient compared with a patient with CKD
who is dialysis-naive as optimal timing of dialysis initia-
tion in the recipient population has not been well studied.'®
The IDEAL study (Initiating Dialysis Early and Late
study), which included transplant recipients with a failed
graft (<4%), found comparable survival between planned
early (eGFR between 10 and 14 mL/min) versus late dialy-
sis (eGFR between 5 and 7 mL/min) in patients with severe
CKD.' In contrast, a propensity-score analysis using the
Scientific Registry of Transplant Recipients (SRTR) of
747 failed kidney transplant recipients found that those
who restarted dialysis early (¢GFR >10.5 mL/min/1.73
m?) had an increased risk of death, especially among
healthier, younger, female recipients. '

In our study, kidney transplant recipients had an increased
risk of kidney replacement therapy despite a similar rate of
eGFR decline in follow-up. We hypothesized that due to the
adverse effects of immunosuppression, recipients would

have a more rapid decline in eGFR compared with nontrans-
plant controls. Although we found no differences in the rate
of eGFR decline, transplant recipients may be at a higher risk
of sudden drops in eGFR and/or more severe acute kidney
injury, resulting in urgent dialysis. One Canadian study of
1164 kidney transplant recipients with a failed graft found
that more than half (56%) of the recipients initiated dialysis
as an inpatient, which was also associated with increased
mortality compared with initiating dialysis as an outpatient.'®
These results are surprising given that transplant recipients
are followed by specialists with expertise in CKD care but
are consistent with studies showing that recipients with a
failed graft returning to dialysis have suboptimal clinical tar-
gets.?’ In consideration of this issue, we ensured that both
cohorts in this study had evidence of an outpatient nephrol-
ogy visit in the year prior to the index date. In addition to
specialized CKD care, there are opportunities to use a multi-
disciplinary approach to improve the patient experience and
outcomes of kidney transplant recipients with a failing graft
as they transition care.!-2!

Our study has many strengths including having robust
data on more than 1000 kidney transplant recipients and non-
transplant controls with follow-up in a large Canadian prov-
ince. We compared outcomes to nontransplant controls with
a similar degree of CKD to assess kidney function decline
and the excess risk of kidney failure and death among recipi-
ents, which has been identified as a significant knowledge
gap.® There are study limitations that should be considered.
This was a retrospective, observational study and there is a
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risk of bias due to residual confounding. To minimize the
risk of confounding, we used propensity-score matching to
compare outcomes among groups that were balanced on
measured baseline characteristics. In addition, we lacked
granular data such as cause of death, race, smoking history,
blood pressure control, transplant-related factors (ie, donor
type and cause of kidney failure, such as chronic rejection),
and kidney biopsy results. Despite this, we were able to con-
trol for several factors which may be associated with pro-
gression to kidney failure. For the main analysis, we defined
kidney failure as both initiation of kidney replacement ther-
apy and sustained eGFR <10 mL/min/1.73 m? as a surrogate
for conservative management. We did not have details on the
decisions around timing or reasoning behind kidney failure
treatment; however, results were no different when we con-
sidered kidney failure as the initiation of kidney replacement
therapy alone. Finally, our population has access to universal
health care, which may limit the generalizability of our
results.

In summary, among 575 kidney transplant recipients with
a failing graft, the rate of kidney function decline was simi-
lar, but the risk of kidney failure and death was higher when
compared with matched nontransplant controls. The higher
risk of kidney failure in transplant recipients cannot be
explained by eGFR decline alone, and further interventions
to mitigate the risk of acute kidney injury resulting in graft
loss are needed. This has implications in terms of prognosis
discussion with kidney transplant recipients and highlights
an area where specific health care interventions can be tar-
geted to improve graft survival.
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