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Abstract
Background: Acute kidney injury (AKI) is common in the kidney transplant population.
Objective: To derive a multivariable survival model that predicts time to graft loss following AKI.
Design: Retrospective cohort study using health care administrative and laboratory databases.
Setting: Southwestern Ontario (1999-2013) and Ottawa, Ontario, Canada (1996-2013).
Patients: We included first-time kidney only transplant recipients who had a hospitalization with AKI 6 months or greater 
following transplant.
Measurements: AKI was defined using the Acute Kidney Injury Network criteria (stage 1 or greater). The first episode of 
AKI was included in the analysis. Graft loss was defined by return to dialysis or repeat kidney transplant.
Methods: We performed a competing risk survival regression analysis using the Fine and Gray method and modified the 
model into a simple point system. Graft loss with death as a competing event was the primary outcome of interest.
Results: A total of 315 kidney transplant recipients who had a hospitalization with AKI 6 months or greater following 
transplant were included. The median (interquartile range) follow-up time was 6.7 (3.3-10.3) years. Graft loss occurred 
in 27.6% of the cohort. The final model included 6 variables associated with an increased risk of graft loss: younger age, 
increased severity of AKI, failure to recover from AKI, lower baseline estimated glomerular filtration rate, increased time 
from kidney transplant to AKI admission, and receipt of a kidney from a deceased donor. The risk score had a concordance 
probability of 0.75 (95% confidence interval [CI], 0.69-0.82). The predicted 5-year risk of graft loss fell within the 95% CI of 
the observed risk more than 95% of the time.
Limitations: The CIs of the estimates were wide, and model overfitting is possible due to the limited sample size; the risk 
score requires validation to determine its clinical utility.
Conclusions: Our prognostic risk score uses commonly available information to predict the risk of graft loss in 
kidney transplant patients hospitalized with AKI. If validated, this predictive model will allow clinicians to identify high-
risk patients who may benefit from closer follow-up or targeted enrollment in future intervention trials designed to 
improve outcomes.
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Abrégé 
Mise en contexte: L’insuffisance rénale aiguë (IRA) est une affection commune au sein de la population des transplantés 
rénaux.
Objectif: Faire la dérivation d’un modèle de survie multivarié qui prédit le moment de la perte du greffon à la suite du 
développement de l’IRA.
Cadre et type d’étude: Il s’agit d’une étude de cohorte rétrospective utilisant les bases de données administratives des 
laboratoires et des établissements de santé ontariens. L’étude s’est tenue à Ottawa, en Ontario entre 1996 et 2013 ainsi que 
dans le sud-ouest de la province entre 1999 et 2003.
Patients: L’étude a regroupé les receveurs d’une première greffe de rein qui ont dû être hospitalisés pour IRA un minimum 
de 6 mois après l’intervention.
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Mesures: Dans les cas étudiés, l’IRA a été définie en utilisant les critères de l’AKIN (stade 1 et plus). L’analyse a tenu 
compte du premier épisode d’IRA des patients et la perte du greffon a été définie par un retour du patient en dialyse ou par 
la nécessité d’une seconde transplantation.
Méthodologie: Nous avons procédé à l’analyse de la survie en utilisant une version modifiée du modèle de régression de 
Fine & Gray pour les risques concurrents pour en faire un modèle plus simple à un seul point. Deux risques concurrents 
majeurs, soit la perte de greffon et le décès du patient, étaient les principales issues d’intérêt.
Résultats: Un total de 315 patients, receveurs d’une greffe et hospitalisés pour IRA au minimum 6 mois après la transplantation, 
ont été inclus dans l’étude. Le temps de suivi médian était de 6,7 ans (de 3,3 à 10,3 ans). Au sein de la cohorte, 27,6 % 
des patients ont subi la perte de leur greffon. Le modèle d’analyse final comportait 6 variables associées à un plus grand 
risque de perte du greffon, soit l’âge du patient (risque plus élevé chez les sujets plus jeunes), la sévérité accrue de l’épisode 
d’IRA, le non-rétablissement de l’IRA, un DFGe initial plus bas, une période de temps plus longue entre la transplantation et 
l’hospitalisation, et le fait que l’organe transplanté provenait d’un donneur décédé. La cote de risque avait une probabilité de 
concordance de 0,75 % (I.C. à 95 % entre 0,69 et 0,82). La prédiction de perte de greffon à l’intérieur des 5 premières années 
suivant la greffe s’est avérée dans l’intervalle de confiance à 95 % dans 95 % des cas.
Limites de l’étude: Les intervalles de confiance des évaluations étaient étendus et la sur-adaptation du modèle est possible 
en raison de la petite taille de l’échantillon. La cote de risque requiert davantage de validation avant que l’on puisse lui 
conférer une utilité clinique.
Conclusions: Notre pronostic de cote de risque s’appuie sur les renseignements largement répandus pour la prédiction du 
risque de perte du greffon chez les receveurs hospitalisés pour IRA. Une fois validé, ce modèle de prédiction permettra au 
personnel clinique d’identifier les patients à risque qui gagneraient à bénéficier d’un suivi plus rapproché. Ce modèle pourrait 
également permettre de mieux cibler les patients susceptibles d’être inclus dans de futurs essais sur le terrain conçus pour 
améliorer leurs résultats.
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What was known before

Acute kidney injury is common in the kidney transplant 
population and is associated with an increased risk of graft 
loss.

What this adds

This study serves as a first step toward identifying kidney 
transplant patients with acute kidney injury who are at high-
est risk for graft loss.

Background

Studies in patient populations excluding kidney transplant 
recipients show that acute kidney injury (AKI) affects 
between 2% and 12% of all hospitalized patients1-5 and is 
associated with an increased risk of subsequent chronic 

kidney disease (CKD) and death.6-13 Emerging data suggest 
that AKI and CKD are closely interconnected syndromes, 
with each being a risk factor for the other. Importantly, 
increased vigilance and monitoring of AKI survivors is being 
recognized as a key step to improving outcomes.14 Predictive 
models have been developed in the general population to 
identify individuals at highest risk of developing advanced 
CKD following AKI.15 These predictive models could be 
used to better identify which patients require follow-up by a 
nephrologist post AKI or for targeted enrollment of patients 
in interventional trials with the goal of improving patient 
outcomes post AKI.

The consequences of AKI in the kidney transplant setting 
are less known. Two recent studies suggest that AKI is associ-
ated with an increased risk of subsequent graft loss and 
death.16,17 However, we currently cannot predict which AKI 
patients are at greatest risk for graft loss. In this study, we 
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aimed to derive a predictive model to quantify the risk of graft 
loss following an episode of hospitalized AKI in kidney trans-
plant recipients. We modified the model into a simple scoring 
system based on readily available data so that it could be eas-
ily implemented in clinical practice. Our goal is to guide and 
improve the care of kidney transplant patients following AKI 
by identifying those at highest risk for graft loss.

Methods

Design and Setting

We conducted a population-based retrospective cohort 
study in the province of Ontario, Canada, using Ontario’s 
linked health care administrative databases and laboratory 
data from Southwestern Ontario and Ottawa, Ontario. 
Residents of Ontario have universal access to hospital care 
and physician services under a single provincial payer sys-
tem, which provides a comprehensive set of health admin-
istrative data. The availability of laboratory data was 
limited to Southwestern Ontario and Ottawa, Ontario. The 
study was conducted according to a prespecified protocol 
approved by the Ottawa Hospital Research Ethics Board. 
The reporting of this study follows the TRIPOD (Transparent 
Reporting of a multivariable prediction model for Individual 
Prognosis Or Diagnosis) Statement for multivariable pre-
diction models (Online Appendix 1).18

Data Sources

We ascertained patient characteristics, laboratory data, and 
outcome data by linking 8 databases using encrypted 
unique identifiers. We identified kidney transplant recipi-
ents using the Canadian Organ Replacement Register 
(CORR), which captures all kidney transplants in Ontario.19 
Laboratory data were obtained from the Ottawa Hospital 
Data Warehouse (OHDW) for Ottawa patients, and Cerner 
and Gamma-Dynacare for Southwestern Ontario patients. 
OHDW houses inpatient and outpatient lab information for 
individuals who had blood work drawn at any one of three 
hospitals in Ottawa, Ontario. Cerner is a hospital network 
in Southwestern Ontario, housing inpatient and outpatient 
lab data from 12 hospitals. Gamma-Dynacare is a labora-
tory service provider that contains outpatient lab informa-
tion for individuals who had blood work drawn at any one 
of their 148 collection sites in Ontario. Demographics and 
vital status information were obtained from the Ontario 
Registered Persons Database (RPDB) (which records the 
sex, birthdate, and death date of all Ontarians) and CORR. 
Diagnostic and procedural information from all hospital-
izations was determined using the Discharge Abstract 
Database (DAD), which captures demographic, diagnostic, 
and procedural information for all Ontario hospitalizations. 
Information was also obtained from the Ontario Health 
Insurance Plan database, which contains all health claims 

for inpatient and outpatient physician services. Outcome 
data were obtained using RPDB, CORR, and the Ontario 
Renal Reporting System (ORRS). ORRS captures demo-
graphic, diagnostic, and renal replacement therapy infor-
mation for all Ontarians with end-stage renal disease. We 
have previously used these databases to research renal 
health outcomes and health services.20-22 Whenever possi-
ble, we defined patient characteristics and outcomes using 
validated codes (Online Appendix 2).

AKI

We used the Acute Kidney Injury Network (AKIN) staging 
system to define AKI.23 The urine output criteria for the 
AKIN staging system were not used as these data were not 
available in our databases. The peak creatinine during a hos-
pital admission was used to define the presence or absence of 
AKI and the AKIN stage.

Study Cohort

We included kidney transplant patients with in-hospital AKI 
(based on AKIN stage 1 or greater) and the following charac-
teristics: (a) first-time kidney only transplant recipients, (b) 
hospital admission occurring 6 months or greater from the 
transplantation date, (c) at least 1 serum creatinine value 
available during the hospital admission, (d) discharge date 
prior to the end date of laboratory data availability (December 
31, 2012, for Ottawa and March 31, 2012, for Southwestern 
Ontario), and (e) serum creatinine data available anytime 
between 2 weeks and 6 months prior to the admission date to 
determine baseline creatinine. If multiple baseline creatinine 
values were available, the most recent test result was used. 
Creatinine values drawn less than 2 weeks prior to admission 
were excluded because the patient could have been unwell at 
the time of the blood work; the result may therefore not 
reflect a true baseline value but possibly the beginning of the 
AKI episode. Hospital admissions less than 6 months post 
transplant were excluded to help avoid AKI secondary to 
postoperative complications, delayed graft function, and 
early acute rejection. Based on lab data availability, we 
excluded patients with a kidney transplant date prior to 
January 1, 1996 (Ottawa) and prior to April 1, 1999 
(Southwestern Ontario). Only the first admission with AKI 
was included in the analysis.

Outcomes

The primary outcome was graft loss (defined by a return to 
dialysis or repeat kidney transplant) with death as a compet-
ing event. A composite endpoint comprising graft loss or 
death was also examined. Patients were followed until 
December 31, 2013. This was the final date for which out-
come data were available.
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Statistical Analysis

We analyzed the data using competing risk regression using 
the Fine and Gray method.24 We created models that exam-
ined covariates associated with time to graft loss (death as a 
competing event) and with time to death (graft loss as a 
competing event) (time to death results presented in Online 
Appendix 3). Observation of patients started when they 
were diagnosed with AKI and ended when patients died, had 
graft loss, or were censored at the study end date. We used 
Cox regression analysis to determine the independent asso-
ciation between potentially prognostic covariates and time 
to graft loss or death (results presented in Online Appendix 
3). The following prespecified variables were included in all 
regression models: age (by decade), year of kidney trans-
plant (1996 to 1998 and 2010 to 2012 were grouped together 
due to a lower number of patients during these time peri-
ods), time on dialysis prior to transplant, time from trans-
plant to admission with AKI, baseline estimated glomerular 
filtration rate (eGFR; calculated using the CKD-Epi equa-
tion25), AKIN stage, recovery from AKI, congestive heart 
failure (CHF) and diabetes status, and type of kidney donor 
(living vs deceased). Complete recovery from AKI was 
defined by a last available admission creatinine less than 
26.5 µmol/L above the baseline value. A look-back period of 
3 years from date of admission was used to determine 
comorbid conditions.

We used fractional polynomial functions to determine the 
best linear or nonlinear form for continuous variables.26-28 
Donor type was the only covariate with missing values, with 
less than 2% of observations having a missing value. 
Therefore, missing values for donor status were imputed 
using a logistic regression model derived from the cohort to 
predict donor status. The competing risk model examining 
the outcome of graft loss was used to create the risk score. 
Covariates with a P value ≤ .05 and AKI-specific covariates 
were kept in the model. Certain covariates with a P value > 
.05, such as type of donor, were retained in the model, as they 
were thought to be clinically significant based on prior 
data.29,30

Details pertaining to the creation and assessment of the 
risk score are available in Online Appendix 4. The risk score 
was derived using methods described by Sullivan et al.31 A 
concordance statistic was calculated using the methods 
described by Blanche et al.32 Due to the small size of the final 
cohort, we did not divide the cohort into derivation and vali-
dation groups. A bootstrapping procedure was used to inter-
nally validate the risk score and determine optimism. To 
maintain patient privacy, small cells ≤5 were suppressed. We 
conducted all analyses with the SAS software, version 9.4 
(SAS Institute Inc, Cary, North Carolina).

Results

Our cohort included 315 patients (Table 1, Supplementary 
Figure 1). The mean (SD) age was 55.1 (12.9) years, with most 

Table 1.  Baseline Characteristics of Study Cohort.

Total n = 315  
Demographics
  Mean age (SD), y 55.1 (12.9)
Age, years
  18-34 27 (8.6)
  35-59 162 (51.4)
  60-69 90 (28.6)
  ≥70 36 (11.4)
Women 121 (38.4)
Race
  White 243 (77.1)
  Asian 12 (3.8)
  Black 11 (3.5)
  Other 22 (7.0)
  Unknown 34 (8.6)
Year of cohort entry
  1997-2002 52 (16.5)
  2003-2007 117 (37.1)
  2008-2012 146 (46.3)
Median time since kidney transplant 

(IQR), years
2.1 (0.9-4.4)

Year of kidney transplant
  1996-1998 22 (7.0)
  1999-2001 92 (29.2)
  2002-2004 66 (21.0)
  2005-2007 76 (24.1)
  2008-2012 59 (18.7)
Median time on dialysis prior to 

transplant (IQR), years
2.0 (1.1-3.5)

Time on dialysis prior to transplant, years
  0-0.9 64 (20.3)
  1-1.9 75 (23.8)
  2-2.9 48 (15.2)
  3-3.9 40 (12.7)
  ≥4 56 (17.8)
Cause of end-stage renal disease
  Glomerulonephritis 89 (28.3)
  Diabetes 69 (21.9)
  Cystic kidney disease 33 (10.5)
  Hypertension 31 (9.8)
  Pyelonephritis/interstitial 20 (6.4)
  Other 20 (6.4)
  Unknown 53 (16.8)
Type of donora

  Deceased 218 (69.2)
  Living 97 (30.8)
Comorbidities
  Hypertension 285 (90.5)
  Diabetes 136 (43.2)
  Coronary artery disease 93 (29.5)
  Congestive heart failure 53 (16.8)
Baseline laboratory measurements
  Median serum creatinine (IQR), 

µmol/L
132.6 (106.1-168.0)

  Median eGFR (IQR), mL/min/1.73 m2b 46.0 (34.0-60.4)

(continued)
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eGFR category, mL/min/1.73 m2b

  <30 51 (16.2)
  30-<45 99 (31.4)
  45-<60 84 (26.7)
  ≥60 81 (25.7)
AKI definitionsc

  AKIN stage 1 240 (76.2)
  AKIN stage 2 28 (8.9)
  AKIN stage 3 47 (14.9)
Median time from baseline creatinine 

measurement to admission with AKI 
(IQR), days

32 (22-65)

Complete recovery from AKId 180 (57.1)

Note. Variables are presented as n (%) unless otherwise specified. IQR = 
interquartile range; eGFR = estimated glomerular filtration rate; AKI = 
acute kidney injury; AKIN = Acute Kidney Injury Network.
aLess than or equal to 5 individuals had a missing value for donor type. 
Missing values have been grouped together with the deceased or living 
categories. The number missing could not be reported on its own due 
to privacy reasons. Missing values for donor type were imputed in the 
analysis (see Methods). Look back for comorbidities was 3 years.
bEstimated glomerular filtration rate (eGFR) was calculated using the 
CKD-Epi equation.25

cAKIN stage 1 is defined by an increase in serum creatinine ≥26.5 µmol/L 
or a 1.5- to 2-fold increase from baseline. AKIN stage 2 is defined by a 
2- to 3-fold increase in serum creatinine from baseline. AKIN stage 3 is 
defined by an increase in serum creatinine >3-fold from baseline, a serum 
creatinine ≥353.6 µmol/L with an acute increase of at least 26.5 µmol/L, 
or the need for acute dialysis.
dComplete recovery from AKI defined by the last available admission 
creatinine <26.5 µmol/L above the baseline creatinine. To convert µmol/L 
to mg/dL, divide by 88.4.

Table 1. (continued)

Regression Model for Graft Loss With Death as a 
Competing Event

We found that younger age, failure to recover from AKI, and 
lower baseline eGFR were all independently associated with 
an increased risk of graft loss (P < .05) (Table 2, Figures 1 
and 2). Baseline eGFR and age had the strongest association 
with graft loss. Each increase of 1 mL/min/1.73 m2 in base-
line eGFR was associated with a 4% (95% confidence inter-
val [CI], 3%-6%) reduction in the risk of graft loss (Figure 
1). Similarly, older age was associated with a lower risk of 
graft loss (Figure 2). A history of CHF, diabetes, type of kid-
ney donor, (Table 2), year of kidney transplant (Supplementary 
Figure 2), time on dialysis prior to kidney transplant 
(Supplementary Figure 3), and time from kidney transplant 
to admission with AKI (Supplementary Figure 4) were not 
significantly associated with graft loss (P > .05). When 
examined in univariate analysis, AKI severity was associated 
with graft loss (hazard ratio [95% CI], 0.69 [0.29-1.64] and 
1.76 [1.04-2.96]; AKI stage AKIN 2 and AKIN 3 respec-
tively); however, this association was no longer significant in 
multivariate analysis (Table 2). The regression model used to 
create the risk score for graft loss is presented in Table 3.

Prognostic Risk Score for Graft Loss With Death 
as a Competing Event

A prognostic risk score was derived with graft loss as the 
outcome of interest. The final prognostic index variables, 
along with the scoring system, are presented in Table 4. 
Potential risk scores ranged from −5 to 26, corresponding to 
a 5-year predicted probability of graft loss between 1.2% and 
100%, respectively (Table 5). An individual patient’s risk 

Table 2.  Competing Risk Multivariate Regression Analysis for 
Time to Graft Loss.

Variable
Adjusted hazard 
ratio (95% CI) P value

AKIN stage 1 Referent  
AKIN stage 2 1.47 (0.59-3.69) .41
AKIN stage 3 1.51 (0.84-2.69) .16
Recovery from AKI Referent  
Failure to recover from AKIa 1.70 (1.10-2.63) .02
Congestive heart failure 0.94 (0.54-1.65) .84
Diabetes 0.89 (0.56-1.41) .61
Living kidney donor Referent  
Deceased kidney donor 1.20 (0.73-1.97) .47

Note. Competing risk analysis with death treated as a competing event. 
The association of continuous variables with time to graft loss is 
presented graphically in Figures 1 and 2 and Supplementary Figures 2 to 
4. CI = confidence interval; AKIN = Acute Kidney Injury Network; AKI = 
acute kidney injury.
aRecovery from AKI defined by the last available admission creatinine 
<26.5 µmol/L above the baseline creatinine.

patients being male (62%) and White (77%). The median 
(interquartile range [IQR]) length of hospital stay was 42-8 days. 
The median (IQR) time from transplant to first hospitalization 
with AKI was 2.1 (0.9-4.4) years. Most patients had reduced 
baseline kidney function (the median [IQR] baseline eGFR 
was 46 mL/min/1.73 m2 [34.0-60.4]). The majority of patients 
(76.2%) experienced mild AKI (AKIN stage 1). No patients 
required acute dialysis. The median (IQR) rise in creatinine for 
AKIN stages 1, 2, and 3 was 44.2 µmol/L (35.4-70.7), 132.6 
µmol/L (114.9-150.3), and 238.7 µmol/L (168.0-327.1), respec-
tively. The median (IQR) ratio of peak creatinine to baseline 
creatinine for AKIN stages 1, 2, and 3 was 1.4 (1.3-1.5), 2.2 
(2.1-2.5), and 3.0 (1.7-3.5), respectively. One hundred seventy-
one patients (54% of the cohort) had subsequent admissions to 
hospital with AKI.

Outcomes

The median (IQR) follow-up time was 6.7 (3.3-10.3) years, 
and there were 1377 person-years of observation time. 
Eighty-seven (27.9%) patients had graft loss, 71 (22.5%) 
patients died prior to experiencing graft loss, and 157 patients 
(49.8%) were censored at the end of the observation period.
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score can be calculated by summing up the points for each 
risk factor presented in Table 4. For example, a 55-year-old 
woman (−3) with AKI AKIN stage 2 (2), a baseline eGFR of 
45 mL/min/1.73 m2 (5), and a deceased donor kidney trans-
plant (1) performed 3 years ago (1) who has not completely 
recovered from her AKI event (2) has a risk score of 8 with a 
predicted risk of graft loss within 5 years of 20.8%.

The prognostic risk score had a concordance statistic of 
0.75 (95% CI, 0.69-0.82). A bootstrapping procedure was 
performed to internally validate the risk score, which gener-
ated a concordance statistic of 0.81 (95% credible interval, 
0.79-0.82) and an optimism of 0.002. The model generated 
predicted 5-year risk of graft loss fell within the 95% CI of 
the observed risk more than 95% of the time; however, due 
to the small size of the cohort, the CIs for the observed risk 

were wide, especially at the highest risk scores. Overall, the 
observed risk tended to be greater than the predicted risk 
(Figure 3, Table 5).

Discussion

We derived a risk score that predicts graft loss following a 
hospital admission with AKI in kidney transplant patients. 
The score uses objective, readily available information to 
estimate the risk of graft loss within 5 years after the AKI 
event. Our risk score requires validating; however, it serves 
as a first step toward prognosticating kidney transplant 
patients who develop AKI in the months to years following 
transplant and was reasonably discriminative in our deriva-
tion cohort.

When a competing risk analysis was performed with graft 
loss as the outcome of interest, the risk substantially increased 
with younger age. As a result, younger patients are given the 
greatest number of points in our derived risk score. The asso-
ciation of younger age with an increased risk of graft loss has 
been demonstrated in prior studies.33,34 Younger individuals 
may be more likely to experience graft loss defined by a 
return to dialysis or repeat kidney transplant due to the fact 
that they live longer.35 Moreover, younger recipients may be 
more prone to acute rejection.36,37 Although the rate of acute 
rejection was likely very low in our cohort due to the timing 
of the AKI events,38,39 the youngest patients may have had 
proportionately more AKI caused by late acute rejection 
from nonadherence.40 As expected, older age was strongly 
associated with death with graft function. When a composite 
outcome of death or graft loss was considered, the risk 
decreased with increasing age, contrary to what was expected, 
illustrating the bias that can occur when a composite out-
come is used.

Similar to previously published studies, reduced baseline 
eGFR was a very strong predictor for graft loss.33-35,39,41-46 
CHF and diabetes, representative of patients with greater car-
diovascular risk, were associated with a higher risk of death 
with graft function but not graft loss. Receipt of a deceased 
donor kidney transplant was not significantly associated with 
any of the outcomes of interest. Based on prior nationally col-
lected Canadian data, we expected that having a deceased 
donor kidney would increase the risk of graft loss.47 Our 
results may conflict with prior data due to a number of rea-
sons: statistical power, previously published national data 
were unadjusted, and donor type may have less of an effect on 
graft loss in high-risk transplant patients (ie, patients admitted 
with AKI). Due to type of donor being commonly accepted as 
a risk factor for graft loss, it was maintained in the risk score 
despite the lack of statistical significance. Although not statis-
tically significant, there was a trend toward an increased risk 
of death with graft function in more recent transplant years. 
We suspect that this is due to the transplantation of older, 
sicker individuals in more recent years. Although the analysis 
was adjusted for age and comorbidities, residual confounding 

Figure 2.  Adjusted hazard ratio for graft loss: Age.
Note. P < .0001. Age was transformed to (1 / age)2.

Figure 1.  Adjusted hazard ratio for graft loss: Baseline eGFR.
Note. P < .0001, eGFR (mL/min/1.73 m2). eGFR = estimated glomerular 
filtration rate.
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may remain. Time spent on dialysis prior to transplant 
increased the risk of death with graft function but not graft 
loss. This is likely due to the fact that patients who spend 
more time on dialysis develop more comorbidities and are at 
increased risk for cardiovascular disease.48 More severe AKI 
was associated with an increased risk of graft loss in unad-
justed analyses, but this result was no longer significant upon 
adjustment for important confounders, including recovery 
from AKI, which remained a significant predictor of graft loss 
in adjusted analyses. This suggests that failure to recover 
from AKI is a more important predictor than severity of the 
AKI event.

Our study has several strengths. First, we included AKI-
specific factors and quantified the risk of graft loss follow-
ing a hospitalized AKI event, items lacking from prior 
models.49-51 Second, to our knowledge, our study is the first 
to derive a risk score that predicts graft loss in kidney trans-
plants using a competing risk model. Many studies in kidney 
transplantation use a composite outcome of death or graft 
loss or a “pseudo-competing event” model with death-cen-
sored graft loss as the outcome.16,45,49-53 As demonstrated in 
our study, risk factors for graft loss and for death may differ 
significantly; combining the 2 outcomes may produce a 
biased estimate. Performing a death-censored analysis will 
also lead to a biased estimate, in particular if the mortality 
rate is high, as it was in our cohort.24,54 Third, despite the 
relatively small sample size (n = 315 patients), this is  
the largest study, that we are aware of, to examine AKI in the 
kidney transplant population defined by serum creatinine 
values rather than administrative codes.16,17,55 Moreover, this 
was a high-risk population with a high event rate. Last, all of 
the variables included in our risk score are objective and 
readily available to clinicians.

There are important limitations worth noting. First, this 
was a retrospective study. As a result, data on important 

Table 3.  Multivariate Regression Model Used to Create the Risk Score for the Prediction of Graft Loss.a

Variable Parameter estimate SE χ2
Adjusted hazard 
ratio (95% CI) P value

Ageb 10.78570 1.74824 38.0623 — <.0001
AKIN stage 1 Referent  
AKIN stage 2 0.36590 0.46981 0.6066 1.44 (0.57-3.62) .44
AKIN stage 3 0.38454 0.29624 1.6850 1.47 (0.82-2.63) .19
Recovery from AKI Referent  
Failure to recover from AKIc 0.51409 0.21732 5.5959 1.67 (1.09-2.56) .02
Baseline eGFR −0.04536 0.00857 28.0448 0.96 (0.94-0.97) <.0001
Time since kidney transplantd −0.45025 0.31992 1.98 — .16
Living kidney donor Referent  
Deceased kidney donor 0.14954 0.24918 0.3602 1.16 (0.71-1.89) .55

Note. CI = confidence interval; AKIN = Acute Kidney Injury Network; AKI = acute kidney injury; eGFR = estimated glomerular filtration rate.
aA competing risk model with death as a competing event was used. Variables in Table 2 with a P value ≤ .05, AKI-specific variables, as well as type of 
donor and time since kidney transplant, due to prior data, were maintained in this model.
bHazard ratios are not presented. Age (per decade) and time since transplant were transformed; therefore, their hazard ratios cannot be directly 
interpreted. Age (per decade) was transformed to 1 / age2 and time since transplant was transformed to 1 / √time since transplant.
cRecovery from AKI defined as the last available admission creatinine <26.5 µmol/L above the baseline creatinine.

Table 4.  Risk Score to Predict Graft Loss in Patients With a 
Kidney Transplant Hospitalized for AKI.a

Variable Pointsa

Age, years
  20-29 7
  30-39 0
  40-49 −2
  50-59 −3
  60-79 −4
  ≥80 −5
Time since kidney transplant
  6 months to 2 years 0
  >2 years 1
Baseline eGFR (mL/min/1.73 m2)
  <30 11
  30-<45 8
  45-<60 5
  ≥60 0
Complete recovery from AKIb

  Yes 0
  No 2
AKIN stage
  1 0
  2 or 3 2
Type of donor
  Living 0
  Deceased 1

Note. AKI = acute kidney injury; eGFR = estimated glomerular filtration 
rate; AKIN = Acute Kidney Injury Network.
aThe methods of Sullivan et al31 were used to convert the model in 
Table 3 to a simple point system. The risk score was derived from a 
competing risk model with time to graft loss as the outcome and death 
as the competing event. To calculate the risk score, points for all factors 
are summed. The predicted risk of graft loss within 5 years for each risk 
score is presented in Table 5.
bRecovery from AKI defined by the last available admission creatinine 
being <26.5 µmol/L above the baseline creatinine.
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factors, such as proteinuria, prior rejection episodes, and 
delayed graft function,35,53,56-63 were not available. However, 
some of these missing factors would be partially accounted 
for by the inclusion of baseline eGFR. Second, the cause of 
AKI could not be determined from the data sets; however, 
acute rejection at this time post-transplantation would be 
rare38,39 (median time from transplant to AKI admission was 
2 years). Prior studies on AKI in this setting suggest that 
infection is the most common cause.17,55 Third, due to the 
limited sample size, we were unable to divide the cohort into 
derivation and validation samples; however, we utilized 
bootstrapping as an alternate means of internally validat-
ing the risk score. Fourth, model overfitting is possible due 
to the limited sample size. Last, our cohort only included 

in-hospital AKI. As a result, our risk score may not apply to 
outpatient AKI.

Conclusions

In conclusion, kidney transplant patients admitted with AKI 
are at high risk for poor outcomes. Our prognostic risk score 
serves as a first step toward identifying transplant patients at 
the highest risk for graft loss. If validated, this predictive 
model will allow clinicians to identify high-risk patients who 
may benefit from closer follow-up or targeted enrollment in 
future intervention trials designed to improve outcomes.

List of Abbreviations

AKIN, Acute Kidney Injury Network; CHF, congestive heart failure; 
CORR, Canadian Organ Replacement Register; DAD, Discharge 
Abstract Database; eGFR, estimated glomerular filtration rate; 
OHDW, Ottawa Hospital Data Warehouse; ORRS, Ontario Renal 
Reporting System; RPDB, Registered Persons Database.

Ethics Approval and Consent to Participate

The study was conducted according to a prespecified protocol 
approved by the Ottawa Hospital Research Ethics Board.

Consent for Publication

Not applicable.

Availability of Data and Materials

The data sets supporting the conclusions of this article cannot be 
made publicly available due to privacy regulations and restrictions 
of the Institute for Clinical Evaluative Sciences.

Table 5.  Predicted and Observed 5 Year Risk of Graft Loss 
(Death as a Competing Event) by Risk Score.

Risk score
% Patients 
with score

5-year graft loss risk

Predicted Observed (95% CI)

−5 0 1.2% —
−4 0.3 1.5% —
−3 1.9 1.9% —
−2 4.8 2.4% —
−1 5.4 3.0% —
0 3.8 3.7% —
1 3.8 4.6% 8.3% (0.4-32.6)
2 7.3 5.8% 22.0% (7.7-41.0)
3 4.8 7.2% —
4 7.0 9.0% 4.5% (0.3-19.5)
5 7.3 11.1% 15.0% (2.2-39.2)
6 8.6 13.8% 15.0% (4.5-31.3)
7 7.6 16.9% 39.6% (19.3-59.4)
8 10.4 20.8% 31.6% (16.2-48.3)
9 7.9 25.3% 33.3% (15.3-52.5)

10 6.4 30.7% 51.6% (23.0-74.2)
11 3.8 36.9% 41.7% (13.7-70.0)
12 3.2 43.8% 21.2% (2.6-51.7)
13 3.5 51.5% 69.7% (26.5-90.7)
14 1.0 59.7% 100%
15 1.0 68.0% 66.7% (0.2-97.3)
16 0.3 76.1% 100%
17 0 83.4% —
18 0 89.5% —
19 0 94.1% —
20 0 97.1% —
21 0 98.8% —
22 0 99.6% —
23 0 100.0% —
24 0 100.0% —
25 0 100.0% —
26 0 100.0%  

Note. For each possible risk score, the table presents the expected 5-year 
risk of graft loss along with that observed in the cohort. Observed values 
are left empty if no patient in the cohort had an event or no patient in the 
cohort had that particular risk score. CI = confidence interval.

Figure 3.  Comparison of predicted and observed risks of graft 
loss within 5 years by risk score.
Note. The predicted (blue line) and observed (red line) graft loss rates 
for each prognostic risk score are shown. Vertical bars = 95% confidence 
intervals for the observed graft loss rates. Due to small numbers and 
low event rates, patients with the lowest and highest risk scores were 
grouped together (scores of −5 to 0, 1 to 3, and 14 to 16 were grouped 
together).
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