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Abstract
Background: The frequency and outcomes of starting maintenance dialysis in the hospital as an inpatient in kidney transplant 
recipients with graft failure are poorly understood.
Objective: To determine the frequency of inpatient dialysis starts in patients with kidney graft failure and examine whether 
dialysis start status (hospital inpatient vs outpatient setting) is associated with all-cause mortality and kidney re-transplantation.
Design: Population-based cohort study.
Setting: We used linked administrative healthcare databases from Ontario, Canada.
Patients: We included 1164 patients with kidney graft failure from 1994 to 2016.
Measurements: All-cause mortality and kidney re-transplantation.
Methods: The cumulative incidence function was used to calculate the cumulative incidence of all-cause mortality and 
kidney re-transplantation, accounting for competing risks. Subdistribution hazard ratios from the Fine and Gray model were 
used to examine the relationship between inpatient dialysis starts (vs outpatient dialysis start [reference]) and the dependent 
variables (ie, mortality or re-transplant).
Results: We included 1164 patients with kidney graft failure. More than half (55.8%) of patients with kidney graft failure, 
initiated dialysis as an inpatient. Compared with outpatient dialysis starters, inpatient dialysis starters had a significantly higher 
cumulative incidence of mortality and a significantly lower incidence of kidney re-transplantation (P < .001). The 10-year 
cumulative incidence of mortality was 51.9% (95% confidence interval [CI]: 47.4, 56.9%) (inpatient) and 35.3% (95% CI: 31.1, 
40.1%) (outpatient). After adjusting for clinical characteristics, we found inpatient dialysis starters had a significantly increased 
hazard of mortality in the first year after graft failure (hazard ratio: 2.18 [95% CI: 1.43, 3.33]) but at 1+ years there was no 
significant difference between groups.
Limitations: Possibility of residual confounding and unable to determine inpatient dialysis starts that were unavoidable.
Conclusions: In this study we identified that most patients with kidney graft failure had inpatient dialysis starts, which was 
associated with an increased risk of mortality. Further research is needed to better understand the reasons for an inpatient 
dialysis start in this patient population.

Abrégé 
Contexte: On en sait peu sur la fréquence à laquelle est amorcé un traitement de dialyse d’entretien pendant l’hospitalisation 
des patients qui subissent une défaillance du greffon rénal. On en sait également peu sur les issues liées à cette procédure.
Objectifs: Déterminer la fréquence à laquelle un traitement de dialyse est amorcé pendant l’hospitalisation des patients 
qui subissent une défaillance du greffon, et vérifier si le statut du patient avant le traitement (hospitalisé vs ambulatoire) est 
associé à la mortalité toutes causes confondues et à la retransplantation.
Type d’étude: Étude de cohorte basée sur la population.
Cadre: Nous avons utilisé les bases de données couplées du système de santé de l’Ontario (Canada).
Sujets: Ont été inclus 1 164 patients ayant subi une défaillance du greffon rénal entre 1994 et 2016.
Mesures: La mortalité toutes causes confondues et la retransplantation d’un rein.
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Méthodologie: La fonction d’incidence cumulative a été utilisée pour calculer l’incidence cumulative de la mortalité toutes 
causes confondues et de la retransplantation, en tenant compte des risques concurrents. Les rapports de risque de sous-
distribution du modèle Fine et Gray ont été employés pour examiner le lien entre l’amorce de la dialyse pendant l’hospitalisation 
(par rapport à l’amorce en ambulatoire [référence]) et les variables dépendantes (mortalité et retransplantation).
Résultats: L’étude porte sur 1 164 patients ayant subi une défaillance du greffon. Plus de la moitié des patients inclus (55,8 
%) avaient amorcé la dialyse pendant l’hospitalisation. Comparativement aux patients ayant amorcé la dialyse en ambulatoire, 
les patients hospitalisés ont montré une incidence cumulative significativement plus élevée de mortalité et une incidence 
significativement plus faible de retransplantation d’un rein (p<0,001). L’incidence cumulative de mortalité après 10 ans se 
situait à 51,9 % (IC 95 %: 47,4-56,9 %) pour les patients hospitalisés et à 35,3 % (IC 95 %: 31,1-40,1 %) pour les patients 
ambulatoires. Après l’ajustement en fonction des caractéristiques cliniques, nous avons constaté que les patients qui avaient 
amorcé la dialyse à l’hôpital avaient un risque significativement plus élevé de décéder dans l’année suivant la défaillance du 
greffon (rapport de risque: 2,18 [IC 95 %: 1,43-3,33]), mais aucune différence significative n’était observable entre les deux 
groupes au-delà d’un an.
Limites: Possibilité de facteurs de confusion résiduels et incapacité de déterminer les amorces de dialyse inévitables chez 
des patients hospitalisés.
Conclusion: Nous avons constaté que la plupart des patients ayant subi une défaillance du greffon avaient amorcé la dialyse 
pendant l’hospitalisation, et que cette procédure était associée à un risque accru de mortalité. Des recherches supplémentaires 
sont nécessaires pour mieux comprendre les raisons qui mènent à une amorce de dialyse pendant l’hospitalisation chez ces 
patients.
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Introduction
Six percent of all Canadians who start maintenance dialysis 
do so because of kidney graft failure.1 Kidney transplants 
have a median graft survival of 10 to 15 years from a deceased 
donor and 15 to 20 years from a living donor.2 It is well 
established that patients with kidney graft failure have poor 
outcomes (eg, mortality).3-7 Kaplan et al3 found an approxi-
mately 3-fold higher annual adjusted death rate in kidney 
transplant recipients after graft failure (9.4%) compared with 
before graft failure (2.8%).

There are a substantial number of studies on the effects of 
unplanned dialysis starts (commonly defined as dialysis ini-
tiation in hospital and/or with a central venous catheter)8 in 
patients receiving kidney replacement therapy for the first 
time finding that unplanned dialysis starters experience 

worse outcomes (eg, increased risk of death and hospitaliza-
tion) compared with planned dialysis starters.9,10 However, 
to our knowledge, no studies have considered whether the 
same is true for patients who start dialysis unplanned after 
kidney graft failure and few studies have quantified the fre-
quency of unplanned dialysis starts in these patients.11-13 
Therefore, we conducted this study to characterize the fre-
quency of inpatient dialysis starts (ie, our study definition of 
an unplanned dialysis start) in patients with kidney graft fail-
ure and to examine whether dialysis start status (inpatient vs 
outpatient) is associated with all-cause mortality. We also 
examined the trends in inpatient dialysis starts over time and 
the association between dialysis start status and kidney re-
transplantation or the number of days alive and out of the 
hospital (DAOH).
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Methods

Design and Setting

We conducted a population-based cohort study using 
administrative healthcare databases held at ICES (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 fol-
lowed the REporting of studies Conducted using 
Observational Routinely collected health Data guidelines 
for observational studies (the RECORD statement) 
(Supplementary Table S1).14

Data Sources

To identify kidney transplant recipients and graft failure 
events we used the Canadian Organ Replacement Register 
(CORR). Vital status and demographic information were 
obtained from the Registered Persons Database. We used the 
Canadian Institute for Health Information Discharge Abstract 
Database (CIHI-DAD) to identify procedural and diagnostic 
codes associated with hospitalizations, whereas the CIHI 
Same Day Surgery database was used to identify day surger-
ies. The CIHI National Ambulatory Care Reporting System 
database contains information on emergency room visits. We 
used the Ontario Health Insurance Plan to identify physician 
submitted diagnostic and billing codes, whereas the ICES-
derived Physician Database was used to identify 
nephrologists.

Study Population

Patients with kidney graft failure. We included patients who 
experienced kidney graft failure at least 6 months after their 
initial transplant between January 1, 1994 and March 31, 
2016 (ie, both the kidney transplant and graft failure must 
have occurred during this time frame); a 6-month time 
frame was selected to ensure we were not including recipi-
ents who had primary nonfunction (ie, kidney never func-
tioned) and recipients are managed slightly different in the 
first 6 months posttransplant with more frequent visits to a 
nephrologist compared with later follow-up. We excluded 
individuals who met the following criteria: age <18 years 
at the graft failure date, previous organ transplant recipient 
(including kidney), simultaneous multiorgan transplant (eg, 
kidney-pancreas transplant), primary nonfunction (ie, addi-
tional data check to exclude individuals whose kidney never 
functioned; defined as at least 3 codes for dialysis with at 
least 1 code appearing in the first 7 days, in the 8-90 days, 
and in the 91-150 days after the transplant date),15,16 graft 
failure date that preceded the re-transplant date (≤14 days) 

(ie, patients who had a pre-emptive re-transplant after graft 
failure), and no evidence of kidney replacement therapy in 
the ±30 days of the graft failure date (ie, data check to ensure 
the patient truly had graft failure). The cohort entry date 
(index date) was the date of graft failure.

Dialysis Start Status

We defined an inpatient dialysis start as the initiation of main-
tenance dialysis in the hospital as an inpatient. Specifically, 
we captured dialysis procedure/intervention codes occurring 
during a hospital admission in CIHI-DAD. We required the 
hospital admission date associated with the dialysis interven-
tion code to occur within ±45 days of the graft failure date 
(including the graft failure date). We selected 45 days to 
ensure our definition of inpatient dialysis starts was sensitive 
(ie, we did not want to miss anyone with an inpatient dialysis 
start). Furthermore, this time frame allowed for potential 
inaccuracies in the capture of the graft failure date. The graft 
failure date is provided to CORR directly from the transplant 
centers but this date has not undergone formal validation.17 
Patients not captured as an inpatient dialysis start were 
included in the outpatient dialysis start group (ie, patient ini-
tiating maintenance dialysis in an outpatient setting).

Outcomes

Our primary outcome was all-cause mortality (Supplementary 
Table S2) which is accurately captured in our databases.18,19 
As a secondary outcome, we assessed kidney re-transplanta-
tion, which we defined as a kidney transplant occurring after 
the graft failure date. In addition, we assessed DAOH in the 
first year after graft failure. Days alive and out of the hospital 
is a measure of healthcare utilization widely used in the car-
diovascular literature and captures both morbidity and mor-
tality.20-22 We calculated DAOH by subtracting the total days 
in hospital and total days dead from the potential total fol-
low-up time (365 days). To calculate the total days in hospi-
tal we added the durations of each hospital stay, whereas for 
total days dead we calculated the number of days from the 
death date to the end of the 1-year follow-up. We defined the 
total potential follow-up time as the number of days from the 
index date (ie, graft failure date) until the last day of follow-
up (ie, 1 year after the index date).

Statistical Analysis

We used standardized differences to describe differences 
between patients with and without an inpatient dialysis start; 
a meaningful difference between groups is presented as a dif-
ference ≥10%. These differences provide a measure of the 
difference between the 2 groups divided by the pooled stan-
dard deviation.23
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To account for competing risks, we used the cumulative 
incidence function to calculate the cumulative incidence of all-
cause mortality and kidney re-transplantation.24 Specifically, 
for mortality, kidney re-transplantation was considered a com-
peting event and for kidney re-transplantation, mortality was a 
competing event. The cumulative incidence function keeps 
patients who experienced the competing risk event (ie, death 
or re-transplant) in the risk set using inverse probability 
weighting; therefore, patients who die or have a re-transplant 
contribute less to the risk set than those who did not and were 
still at risk of the event. It is recommended that the cumulative 
incidence function is used when the risk of the competing 
event is high which could potentially overestimate the inci-
dence of the outcome.24,25 We used Gray’s test to determine 
whether there was a statistically significant difference in out-
comes between inpatient vs outpatient dialysis starters.

We present the subdistribution hazard ratios (SdHRs) 
from the Fine and Gray model to examine the relationship 
between inpatient dialysis starts (vs outpatient dialysis start 
[reference]) and the dependent variables (ie, mortality or re-
transplant). We used Schoenfeld residuals to examine 
whether the proportional hazards assumption was met and 
examined our cumulative incidence function curves to 
determine any important departures from proportionality 
(none were noted). In our final model we adjusted for the 
following covariates which were selected based on clinical 
expertise and literature review: age at graft failure, sex, race, 
residence (rural vs urban), neighborhood income quintile, 
cause of end-stage kidney disease (ESKD), dialysis vintage 
(ie, time from dialysis initiation to kidney transplant), 
Charlson-Deyo comorbidity score, era of graft failure, era of 
transplant, delayed graft function, transplant vintage (ie, 
time from kidney transplant to graft failure), donor type (liv-
ing vs deceased), number of hospitalizations in 6 months 
prior to graft failure, and days in hospital in 6 months prior 
to graft failure. To provide insight into the potential mecha-
nism of the association between dialysis start status and 
mortality, in a post hoc analysis, we used the extended Cox 
model with a Heaviside function allowing us to obtain sev-
eral cause-specific hazard ratios (HRs) over different time 
intervals.26 To determine whether there was a statistically 
significant difference between individuals with an inpatient 
vs outpatient dialysis start in DAOH, we used the Wilcoxon-
Mann-Whitney test. A logistic regression model was used to 
examine the association between the era of graft failure 
(1995-2004 [reference], 2005-2009, 2010-2013, 2014-2016) 
(independent variable) and inpatient dialysis starts (depen-
dent variable).

There were some missing data for the following variables: 
income quintile (<1%), cause of ESKD (8.2%), and race 
(6.9%). For missing income quintile, we imputed the middle 
income category (ie, income quintile 3), whereas for cause of 
ESKD and race, we imputed the most common value, glo-
merulonephritis, and white race, respectively. We conducted 
all analyses in the Statistical Analysis System (SAS) version 

9.4 (www.sas.com). We considered a 2-sided P value of 
<.05 as statistically significant.

Additional Analyses

To provide insight into the reasons for the hospitalization dur-
ing which an inpatient dialysis start occurred, we examined 
the 5 most common diagnoses using the first 3 digits of the 
9th (prior to April 1, 2002) or 10th (after April 1, 2002) 
Revision of the International Classification of Diseases. For 
our primary outcome of all-cause mortality, a sensitivity anal-
ysis was performed to determine whether similar results were 
obtained after restricting to patients with an inpatient dialysis 
start that occurred within ±30 days of the graft failure date.

Results

Baseline Characteristics

We included 1164 patients with kidney graft failure (see 
Figure S1 of Supplementary Appendix), of which 55.8% (n 
= 650) had an inpatient dialysis start and 44.2% (n = 514) 
had an outpatient dialysis start. Compared with outpatient 
dialysis starters, inpatient dialysis starters were significantly 
older (median 53 vs 49 years), more likely to be from the 
lowest income quintile (26.6 vs 18.1%), and more likely to 
have heart failure (34.0 vs 19.3%) (Table 1). The median 
(25th, 75th percentile) total follow-up was 3.3 years (1.6, 6.0 
years).

All-Cause Mortality

During follow-up, 283 (43.5 %) patients with an inpatient dial-
ysis start died compared with 155 (30.2%) with an outpatient 
dialysis start. The cumulative incidence of all-cause mortality 
was significantly higher in inpatient dialysis starters compared 
with outpatient dialysis starters (P < .001) (Figure 1A). For 
example, the 1-year cumulative incidence of all-cause mortal-
ity in inpatient dialysis starters was 13.0% (95% CI: 11.0, 
15.5%) vs 8.0% (95% CI: 6.5, 9.8%) in outpatient dialysis 
starters (Table 2). Even after adjustment for clinical character-
istics, patients with an inpatient dialysis start had a significantly 
increased hazard of all-cause mortality (sdHR: 1.39 [95% CI: 
1.13, 1.70]) (Table 2). However, after adjusting for clinical 
characteristics in the extended Cox model, we found that inpa-
tient dialysis starters had a significantly increased hazard of all-
cause mortality in the first year after graft failure (cause-specific 
HR 2.18 [95% CI: 1.43, 3.33]), but at 1+ years, there was no 
significant difference in mortality between outpatient and inpa-
tient dialysis starters (Figure 2).

Kidney Re-transplant

During follow-up, 138 (21.2%) patients with an inpatient 
dialysis start and 186 (36.2%) with an outpatient dialysis 

www.sas.com
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Table 1. Characteristics of Patients With Kidney Graft Failure Classified by Inpatient vs Outpatient Dialysis Start Status.

Characteristicsa
Entire cohort
(n = 1164)

Inpatient
(n = 650)

Outpatient
(n = 514)

Standardized 
differenceb

Age, y 51 (38, 62) 53 (39, 63) 49 (37, 58) 0.22
Women 453 (38.9) 263 (40.5) 190 (37.0) 0.07
Race
 White 788 (67.7) 437 (67.2) 351 (68.3) 0.02
 Asian 72 (6.2) 31 (4.8) 41 (8.0) 0.13
 Black 94 (8.1) 58 (8.9) 36 (7.0) 0.07
 Other 130 (11.2) 84 (12.9) 46 (8.9) 0.13
 Missing/Unknown 80 (6.9) 40 (6.2) 40 (7.8) 0.06
Income quintilec

 1 (low) 266 (22.9) 173 (26.6) 93 (18.1) 0.21
 2 241 (20.7) 131 (20.2) 110 (21.4) 0.03
 3 (middle) 236 (20.3) 129 (19.9) 107 (20.8) 0.04
 4 235 (20.2) 125 (19.2) 110 (21.4) 0.05
 5 (high) 186 (16.0) 92 (14.2) 94 (18.3) 0.11
 Rural residenced 141 (12.1) 71 (10.9) 70 (13.6) 0.08
Era of transplant
 1994-1999 524 (45.0) 285 (43.8) 239 (46.5) 0.05
 2000-2005 348 (29.9) 183 (28.2) 165 (32.1) 0.09
 2006-2011 260 (22.3) 159 (24.5) 101 (19.6) 0.12
 2012-2016 32 (2.7) 23 (3.5) 9 (1.8) 0.11
Era of graft failure
 1994-1999 80 (6.9) 45 (6.9) 35 (6.8) 0.004
 2000-2005 277 (23.8) 159 (24.5) 118 (23.0) 0.04
 2006-2011 425 (36.5) 220 (33.8) 205 (39.9) 0.13
 2012-2016 382 (32.8) 226 (34.8) 156 (30.4) 0.09
Cause of end-stage kidney diseasee

 Glomerulonephritis/Autoimmune 446 (38.3) 232 (35.7) 214 (41.6) 0.12
 Cystic kidney disease 102 (8.8) 61 (9.4) 41 (8.0) 0.05
 Diabetes 189 (16.2) 118 (18.2) 71 (13.8) 0.12
 Renal vascular disease 113 (9.7) 64 (9.8) 49 (9.5) 0.01
 Other 218 (18.7) 119 (18.3) 99 (19.3) 0.03
 Unknown/Missing 96 (8.2) 56 (8.6) 40 (7.8) 0.03
Transplant vintage, yf 6 (3, 10) 6 (3, 10) 6 (4, 11) 0.13
Dialysis modalitye

 Peritoneal dialysis 278 (23.9) 151 (23.2) 127 (24.7) 0.04
 Hemodialysis 782 (67.2) 446 (68.6) 336 (65.4) 0.07
 Pre-emptive 104 (8.9) 53 (8.2) 51 (9.9) 0.06
Dialysis vintage (pretransplant), yg 3 (1, 4) 3 (1, 5) 2 (1, 4) 0.19
Delayed graft functionh 303 (26.0) 179 (27.5) 124 (24.1) 0.08
Healthcare utilization
 No. of days in hospital in the 6 months prior to graft failure 10 (4, 22) 12 (6, 24) 7 (3, 17) 0.44
 No. of hospitalizations in the 6 months prior to graft failure 2 (1, 2) 2 (1, 3) 1 (1, 2) 0.42
 No. of nephrology visits in the year prior to graft failure 14 (7, 26) 16 (8, 30) 12 (6, 22) 0.29
Comorbiditiesi

 Cerebrovascular disease 41 (3.5) 32 (4.9) 9 (1.8) 0.17
 Diabetes mellitusj 489 (42.0) 289 (44.5) 200 (38.9) 0.11
 Hypertensionj 942 (80.9) 553 (82.0) 409 (79.6) 0.06
 Heart failure 320 (27.5) 221 (34.0) 99 (19.3) 0.34
 Peripheral vascular disease 143 (12.3) 88 (13.5) 55 (10.7) 0.09
 Chronic liver disease 164 (14.1) 104 (16.0) 60 (11.7) 0.12
 Malignancy 458 (39.3) 261 (40.2) 197 (38.3) 0.04
 Myocardial infarction 75 (6.4) 50 (7.7) 25 (4.9) 0.12

(continued)
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Characteristicsa
Entire cohort
(n = 1164)

Inpatient
(n = 650)

Outpatient
(n = 514)

Standardized 
differenceb

Charlson comorbidity indexk

 2 500 (43.0) 247 (38.0) 253 (49.2) 0.23
 3 192 (16.5) 105 (16.2) 87 (16.9) 0.02
 4 218 (18.7) 122 (18.8) 96 (18.7) 0.00
 ≥5 254 (21.8) 176 (27.1) 78 (15.2) 0.29
Characteristics associated with the inpatient dialysis start
 Dialysis start associated with an intensive care unit stay 127 (22.6)  
 Dialysis modality associated with inpatient start
  Hemodialysis 609 (93.7%)  
  Peritoneal dialysis 41 (6.3%)  

Note. Results presented as No. (%) or median (25th, 75th percentile).
aAll baseline characteristics taken at the time of graft failure unless otherwise indicated.
bStandardized differences were used to compare inpatient to outpatient dialysis starts. A meaningful difference between groups is presented as a 
difference ≥10%.
cQuintiles of median neighborhood income.
dResiding in an area with a population <10 000 represents a rural residence.
eMeasured prior to the initial kidney transplant.
fTransplant vintage was defined as the time from the initial kidney transplant to the graft failure date [graft failure date - kidney transplant date].
gDialysis vintage was defined as the time from the dialysis initiation date (prior to the initial kidney transplant) to the kidney transplant date [kidney 
transplant date - dialysis initiation date]. Recipients of a pre-emptive transplant (ie, no dialysis prior to transplant) were given a dialysis vintage of 0.
hDelayed graft function was defined as a dialysis code in the 1 to 7 days after the initial kidney transplant but no dialysis code in the 90 to 150 days after 
the kidney transplant date.
iAll comorbidities were assessed 5 years prior to the graft failure date.
jDiabetes and hypertension defined as the presence of 2 Ontario Health Insurance Plan codes or 1 hospitalization with a diagnosis of diabetes or hypertension.
kKidney disease is a variable in the Charlson-Deyo index. Therefore, all kidney transplant recipients with a Charlso-Deyo index score of 0 were given a 2 
and those with a score of 1 were given a 3.

Table 1. (continued)

start had a kidney re-transplant. The cumulative incidence of 
a kidney re-transplant was significantly lower in inpatient 
dialysis starters compared with outpatient dialysis starters  
(P < .001) (Figure 1B). Even after adjustment for clinical 
characteristics, patients with an inpatient dialysis start had a 
significantly decreased hazard of kidney re-transplant (sdHR: 
0.64 [95% CI: 0.51, 0.80]) (Table 2).

Additional Outcomes

The median (25th, 75th percentile) number of DAOH for 
patients with an inpatient dialysis start was 349 days (313, 
359), whereas for outpatient dialysis starts, it was 361 days 
(352, 365) (P < .001). When examining trends in inpatient 
dialysis starts, even after adjustment for clinical characteris-
tics, there was no specific trend in inpatient dialysis starts 
across eras of graft failure (Table 3).

Additional Analyses

When examining the most common reasons for hospital 
admissions associated with inpatient dialysis starts, we found 
that for patients with kidney graft failure after April 1, 2002, 
the 2 most common reasons were failure and rejection of 
transplanted organs and tissues (33.9%) and acute renal fail-
ure (12.5%) (Supplementary Table S3).

When restricting our analysis to inpatient dialysis starts 
that occurred within ±30 days of the graft failure date, we 
found 50.9% (n = 593) of patients with kidney graft failure 
initiated dialysis as an inpatient. Similar to our primary anal-
ysis, starting dialysis as an inpatient had a significantly 
higher cumulative incidence of all-cause mortality (P < 
.001) (Supplementary Table S4).

Discussion

In this study, we found that 56% of kidney transplant recipi-
ents with graft failure, initiated dialysis as an inpatient. These 
patients had worse outcomes, including a significantly higher 
cumulative incidence of all-cause mortality and fewer 
DAOH, while also having a lower cumulative incidence of 
kidney re-transplant compared with outpatient dialysis start-
ers. These results highlight opportunities to improve the care 
of kidney transplant recipients leading up to graft failure.

Few studies have quantified the frequency of inpatient 
dialysis starts in patients with kidney graft failure, with esti-
mates ranging from 6 to 44%.11-13 For example, Evans et al11 
conducted a small study at 2 transplant centers (n = 179) in 
the United Kingdom and found that approximately 42% of 
patients with kidney graft failure started dialysis in the hos-
pital as an acute admission (ie, not in an outpatient [planned] 
setting). One potential reason for the wide range in estimates 
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Figure 1. (A) Cumulative incidence of all-cause mortality, accounting for the competing risk of kidney re-transplant, in patients with 
kidney graft failure displayed by inpatient vs outpatient dialysis starts. (B) Cumulative incidence of kidney re-transplant, accounting for 
the competing risk of death, in patients with kidney graft failure displayed by inpatient vs outpatient dialysis starts.
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across studies is the inconsistency in the definition of an 
unplanned dialysis start.27

The large proportion of inpatient dialysis starts in this 
study may be surprising as kidney transplant recipients are 

followed regularly by a nephrologist. However, several stud-
ies have found that care in kidney transplant recipients is 
often not optimal with many clinical targets being unmet (eg, 
blood pressure, hemoglobin).28-30 The Dialysis Outcomes and 

Table 2. All-Cause Mortality and Kidney Re-transplant for Patients With Kidney Graft Failure With an Inpatient vs Outpatient Dialysis 
Start.

Inpatient dialysis start
(n = 650)

Outpatient dialysis start
(n = 514)

Outcomes
All-cause mortality
 1-year cumulative incidence,a % (95% CI) 13.0 (11.0-15.5) 8.0 (6.5-9.8)
 5- year cumulative incidence,a % (95% CI) 36.2 (32.5-40.3) 23.4 (20.3-27.0)
 10-year cumulative incidence,a % (95% CI) 51.9 (47.4-56.9) 35.3 (31.1-40.1)
 Unadjusted subdistribution hazard ratio (95% CI) 1.68 (1.39-2.04) Reference (1.00)
 Adjusted subdistribution hazard ratiob (95% CI) 1.39 (1.13-1.70) Reference (1.00)
Kidney re-transplant
 1-year cumulative incidence,c % (95% CI) 2.6 (2.0-3.5) 4.9 (3.7-6.4)
 5- year cumulative incidence,c % (95% CI) 16.8 (14.4-19.7) 29.5 (25.8-33.7)
 10-year cumulative incidence,c % (95% CI) 27.1 (23.7-31.0) 45.2 (40.6-50.3)
 Unadjusted subdistribution hazard ratio (95% CI) 0.53 (0.42-0.65) Reference (1.00)
 Adjusted subdistribution hazard ratiob (95% CI) 0.64 (0.51-0.80) Reference (1.00)

Note. CI = confidence interval; ESKD = end-stage kidney disease.
aCumulative incidence of all-cause mortality, accounting for the competing risk of kidney re-transplantation.
bAdjusted for age, sex, race, residence, income quintile, cause of ESKD, dialysis vintage, Charlson-Deyo index, era of graft failure, era of transplant, 
delayed graft function, transplant vintage, donor type, number of hospitalizations in 6 months prior to graft failure, and days in hospital in 6 months prior 
to graft failure.
cCumulative incidence of kidney re-transplant, accounting for the competing risk of death.

Figure 2. Adjusted hazard ratios for all-cause mortality in patients with kidney graft failure with an inpatient vs outpatient dialysis start.
Note. Cause-specific hazard ratios presented by follow-up time obtained through the extended Cox model.

Table 3. Odds Ratio of an Inpatient Dialysis Start in Patients With Kidney Graft Failure, Presented by Era of Graft Failure.

Graft failure era

 
1995-2004
(n = 297)

2005-2009
(n = 315)

2010-2013
(n = 337)

2014-2016
(n = 215) P valuea

Unadjusted odds ratio (95% CI) 1.00 (reference) 0.90 (0.66-1.24) 0.98 (0.72-1.35) 1.10 (0.77-1.57) .73
Adjusted odds ratiob (95% CI) 1.00 (reference) 0.92 (0.66-1.30) 0.98 (0.69-1.40) 1.08 (0.72-1.64) .87

Note. There were no graft failures in the year 1994, likely the result of how the cohort was created; the earliest an individual could enter the cohort was 
July 1, 1994. CI = confidence interval; ESKD = end-stage kidney disease.
aChi-square test used to compare odds ratios across graft failure eras.
bAdjusted for age, sex, race, residence, income quintile, cause of ESKD, dialysis vintage, Charlson-Deyo index, era of transplant, delayed graft function, 
transplant vintage, donor type, number of hospitalizations in 6 months prior to graft failure, and days in hospital in 6 months prior to graft failure.
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Practice Patterns Study found patients on dialysis with kidney 
graft failure were less likely to have many of their clinical 
targets met (eg, parathyroid hormone levels) compared with 
dialysis patients on the kidney transplant waitlist who never 
had a transplant.31 Possible explanations for why kidney 
transplant recipients with a failing graft may start dialysis as 
an inpatient include a focus on preserving the graft rather than 
on predialysis care, unwillingness by the patient and provider 
to accept that the transplant is failing, and limited studies on 
the optimal timing of dialysis initiation in this patient popula-
tion.13,32 In our study, it is unlikely that inpatient dialysis starts 
were a result of patients not being followed frequently by a 
nephrologist as inpatient dialysis starters had a significantly 
higher number of median visits to a nephrologist in the year 
prior to graft failure vs outpatient dialysis starters (16 vs 12). 
Recognizing the potential suboptimal care of patients with 
failing kidney transplants, the British Transplant Society pub-
lished guidelines for their management in 2014.33 However, 
many of the recommendations were not supported by high-
quality evidence.33

One potential way to enhance the quality of care in kidney 
transplant recipients approaching graft failure is to improve 
the coordination of care, with a multidisciplinary team 
involving the nephrologist, other physicians, allied health 
workers, and the patient.9,34 Furthermore, care could be 
improved by implementing clinics dedicated to managing 
these patients, as suggested by the British Transplantation 
Society, although there is limited evidence to support this 
approach.33 In Ontario, several transplant centers have clin-
ics dedicated to the care of patients approaching graft failure, 
whereas other centers have patients managed through their 
chronic kidney disease clinics. Despite the initiation of these 
clinics, we found no decline in the incidence of inpatient 
dialysis starts over the 20-year study follow-up. Therefore, 
more research evaluating interventions to optimize care prior 
to dialysis initiation in patients with graft failure is needed.35

It is important to note that regardless of the quality of man-
agement, a proportion of inpatient dialysis starts will be 
unavoidable due to sudden acute illness or an unpredictable 
rapid decline in renal function. In our study, we found that 
22.6% of our inpatient dialysis starters had a dialysis start date 
that was captured in an intensive care unit setting which could 
suggest a sudden acute event resulting in an unavoidable start. 
Furthermore, we found that 12.5% of patients had acute kid-
ney failure as their most common diagnosis for hospitalization 
associated with their inpatient dialysis start which could sug-
gest an unavoidable start. However, we cannot definitively 
state these were unavoidable as this would require serial glo-
merular filtration rate measurements; our databases only had 
laboratory values for a small proportion of our cohort. Further 
research is needed to better understand the reasons for an inpa-
tient dialysis start in this patient population.

There are several potential explanations for why patients 
with kidney graft failure who experience an inpatient dialysis 
start have higher mortality compared with outpatient dialysis 
starters. First, there could be unmeasured differences between 

the 2 groups (eg, medication, laboratory measures). Second, 
there could be differences in vascular access type, with arterio-
venous (AV) access associated with superior survival compared 
with central venous catheters.36 However, previous reports have 
found no difference in the proportion of patients with kidney 
graft failure with an AV access between inpatient and outpatient 
dialysis starters.13 Third, in the general population patients who 
are admitted to the hospital have a significantly higher risk of 
death compared with patients with no admission; being admit-
ted to the hospital could represent a greater overall burden of 
disease that we may not have been able to fully adjust for.37 
Fourth, patients who start dialysis as an inpatient may be sicker, 
being more likely to stop dialysis and receive conservative care. 
Future studies should examine conservative care and end-of-life 
care in patients with graft failure. Finally, patients with an inpa-
tient dialysis start may be more likely to get an infection, with 
sepsis common in patients with graft failure.38 However, it is 
important to note that when we presented HRs stratified by fol-
low-up time, inpatient dialysis starters had a higher rate of all-
cause mortality in the first year of follow-up, but at 1+ years, 
there was no significant difference between outpatient and inpa-
tient dialysis starters. This potentially suggests that the mecha-
nism of an inpatient dialysis start being associated with poorer 
outcomes is related to the immediate effects of the start itself 
(eg, inferior dialysis preparation). This could also suggest that 
inpatient dialysis starters who die in the first year have signifi-
cant more medical complications and comorbidities which were 
not captured in our adjusted analysis.

Limitations of our study deserve mention. Residual con-
founding could have accounted for some of the differences in 
outcomes seen between patients. However, we adjusted for 
several clinical characteristics, accounting for many of the 
baseline differences between the 2 groups. Not all adminis-
trative database codes used in this study have been validated, 
including the graft failure date. Results may not be generaliz-
able to other countries. Finally, we were not able to deter-
mine the proportion of inpatient dialysis starts that were 
unavoidable. If a high proportion of inpatient starts are 
unavoidable, there might be little that can be done to avoid 
these starts and their consequences, including mortality.

In conclusion, inpatient dialysis starts are common in patients 
with kidney graft failure. Inpatient dialysis starters have an 
increased risk of mortality and a decreased incidence of kidney 
re-transplantation compared with outpatient dialysis starters. 
These results serve as a call to action to better understand the 
causes of inpatient dialysis starts to guide the development and 
testing of interventions to reduce the burden and improve out-
comes of inpatient dialysis starts in this patient population.
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