Research

CMAJ

Predicting potential survival benefit of renal
transplantation in patients with chronic kidney disease
Carl van Walraven MD MSc, Peter C. Austin PhD, Greg Knoll MD MSc
Previously published at www.cmaj.ca

Abstract
Background: To facilitate decision-making about treatment options for patients with end-stage renal disease
considering kidney transplantation, we sought to develop
an index for clinical prediction of risk for death.
Methods: We derived and validated a multivariable survival
model predicting time to death in 169 393 patients with endstage renal disease who were eligible for transplantation. We
modified the model into a simple point-system index.
Results: Deaths occurred in 23.5% of the cohort. Twelve
variables independently predicted death: age, race, cause of
kidney failure, body mass index, comorbid disease, smoking,
employment status, serum albumin level, year of first renal
replacement therapy, kidney transplantation, time to transplant wait-listing and time on the wait list. The index separated patients into 26 groups having significantly unique
five-year survival, ranging from 97.8% in the lowest-risk
group to 24.7% in the highest-risk group. The index score
was discriminative, with a concordance probability of 0.746
(95% CI 0.741–0.751). Observed survival in the derivation
and validation cohorts was similar for each level of index
score in 93.9% of patients.
Interpretation: Our prognostic index uses commonly available information to predict mortality accurately in patients
with end-stage renal disease. This index could provide
valuable quantitative data on survival for clinicians and
patients to use when deciding whether to pursue transplantation or remain on dialysis.
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idney transplantation, which improves healthrelated quality of life and survival compared with
dialysis, is the treatment of choice for end-stage
renal disease.1–3 Overall, recipients of kidney transplantation
have a 68% lower risk of death compared with patients eligible for transplantation who remain on dialysis. 1 In subgroup analyses of broad patient categories (including sex,
cause of renal failure and diabetic status), patients in all categories were found to have benefited from transplantation.1
These data inform patients about the overall risks and benefits of kidney transplantation. However, prognostication in
renal failure remains difficult at the individual level. Models
have been developed to predict survival after kidney transplantation.4–7 However, these models have not been widely
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used, because they lack a simple point system to determine
individual survival, provide no comparison to the alternative
treatment of staying on dialysis, exclude the option of livingdonor transplantation, or require detailed information on the
donor that is not known at the time of wait-listing.4–7
We aimed to derive and validate a new index to quantify
survival accurately for the various treatment options facing a
patient with end-stage renal disease. We based this prognostic
index on readily available data, so that it could be easily
implemented in the clinical setting when transplantationrelated counseling takes place. We modified this model into a
simple scoring system to quantify survival without transplantation, with deceased-donor transplantation or with livingdonor transplantation. Our goal was to improve decisionmaking by patients and physicians by providing quantitative
information about survival at the time of transplantationrelated counseling.

Methods
We used data from the United States Renal Data System, a
national data-reporting system that captures information on
all American patients with end-stage renal disease who
receive renal replacement therapy. Reporting to the United
States Renal Data System is mandatory for all centres that
treat such patients and is required for payment of treatmentrelated costs by Medicare and Medicaid Services.
Our study was approved by the Ottawa Hospital Research
Ethics Board.
Inclusion criteria
We included all patients who had been placed on the renal
transplant wait list from January 1995 to October 2006, as
well as those who had received a kidney transplant as their
first renal replacement therapy (i.e., pre-emptive transplantation) during this same period. We chose 1995 as the study’s
start date to coincide with the introduction of a new form for
recording patient information at baseline. The end-date of the
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study was 2006 because that was the final year for which data
were available.
We excluded patients for whom data were missing about
date of birth, date of first renal replacement therapy or date of
transplant wait-listing. We also excluded patients who were not
between ages 18 and 100 years and those who had undergone
renal transplantation before the study’s start-date. Finally, we
did not include renal transplantations that were part of multipleorgan procedures (e.g., kidney–pancreas transplantation).
Derivation and validation models
We divided patients randomly into equally sized derivation
and validation groups. We used Cox regression analyses to
determine the independent association between potentially
prognostic covariates and time to death. Observation of
patients started when they were placed on the renal transplantation list. For pre-emptive transplantations, observation was
started on the day of transplantation. Observation was ended
when patients died of any cause or was censored at the study’s
end (Sept. 31, 2006). The variables in the model are listed in
Table 1; they include year of first renal replacement therapy
and number of years from first renal replacement therapy to
transplant wait-listing. Living-donor and deceased-donor renal
transplantations were modelled as separately defined, timedependent covariates, as was number of years from listing to
transplantation. All other covariates were fixed.
Because our study was focused on measuring the influence
of transplantation on survival, we limited interactions in the
model to those involving transplantation. We used fractional
polynomial functions to determine the best linear or nonlinear
form for continuous variables.8–10 To deal with missing data,
we imputed values using Monte Carlo Markov chain methodology with PROC MI with five imputations. This Monte Carlo
model used all of the variables that were examined in the multivariate model. Final parameter estimates and χ2 statistics for
each covariate were determined with PROC MIANALYZE.
Only covariates with p < 0.05 were kept in the model.
Details of the creation and assessment of the index are
available in Appendix 1, available at www.cmaj.ca/cgi/content
/full/cmaj.091661/DC1.

Results
Between 1995 and 2006, 1 709 267 patients were entered in
the United States Renal Data System for a first renal replacement therapy. We excluded 1 539 874 patients. Of these,
1 511 626 (98.2%) had never been placed on the transplant
wait list, 20 003 (1.3%) were entered in the data system only
after failure of a first renal transplantation, 8080 (0.52%)
were not between ages 18 and 100 years, 91 (0.01%) had an
invalid date of first renal replacement therapy, and 74
(0.001%) had an invalid date of birth. The remaining patients
in the study totalled 169 393, with 84 724 in the derivation
group and 84 669 in the validation group.
Characteristics of participants
The characteristics of study participants (Table 1) in the
derivation group and those of participants in the validation

group were nearly identical. The prevalence of missing information varied from 2.6% for information on comorbidities to
27.6% for information on serum albumin level. Median
observation time was 3.6 years (interquartile range 1.7–6.4
years; total person-years of observation 714 771). Death
occurred in 23.5% of the cohort, with an annual death rate of
5.6%. Overall, 55.9% of the cohort underwent transplantation
(deceased-donor transplantation 38.7%, living-donor 17.2%).
Regression model
All of the variables in Table 1 were included in the regression
model. Those that were independently associated with survival
are listed in Table 2 and in Appendices 2 and 3 (available at
www.cmaj.ca/cgi/content/full/cmaj.091661/DC1). Baseline
type of renal disease, medical history, smoking status, employment status and race were independently associated with time
to death (Table 2). Diabetes requiring insulin, chronic obstructive pulmonary disease, nonambulatory status and current
smoking were the comorbidities with the strongest detrimental
effect on survival, with adjusted hazard ratios close to 1.3
(Table 2). Protective factors included having polycystic kidney
disease as the cause of renal failure (adjusted hazard ratio
[HR] 0.59) or being of Asian, Spanish-American, or NativeAmerican ethnicity (adjusted HR 0.69). Patients of black ethnicity also survived longer than those of white ethnicity, but
only in the absence of transplantation (Table 2).
The adjusted association of continuous variables with survival is presented in Appendix 2. Of all continuous factors, the
association between age and death was the strongest, with a
mortality risk that increased as patients aged, especially among
those who underwent transplantation. Survival rates in all
groups improved as serum albumin levels increased. Survival
rate improved as the year of first renal transplantation increased,
except for patients undergoing deceased-donor transplantation.
Finally, delay from first renal replacement therapy to transplant
wait-listing or delay to receipt of a pre-emptive transplant was
associated with worse survival rates in all groups, most prominently among recipients of deceased-donor transplantation. The
final regression model is presented in Appendix 3.
Prognostic index
The final prognostic index variables, along with the scoring
system, are presented in Figure 1. Potential index scores
ranged from –47 to +58, with lower scores associated with
better survival. The points assigned for patients’ age, ethnicity, year of first renal replacement therapy, and time required
to be entered on the transplant wait-list varied by transplant
status. Points for all other variables were the same regardless
of transplant status.
An individual patient’s index score can be calculated by
summing up the points for each applicable factor in Figure 1.
For example, a transplant-nonrecipient, 45-year-old (+7 points),
obese (body mass index [BMI] 40 = 0 points) man of black ethnicity (–4 points) with a serum albumin level of 35 g/L (+5
points) who has end-stage renal failure from glomerulonephritis
(–4 points) in 2001 (–4 points) and is entered on the transplant
list three months after his first renal replacement therapy (+4
points) has an index score of 4, with an expected risk of death in
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Table 1: Characteristics of patients in study cohort

Variable

No. (%)
missing*

No. (%) overall*
n = 169 393

No. (%) in
derivation group*
n = 84 724

No. (%) in
validation group*
n = 84 669

Age, yr, mean (SD)

0

49.2 (13.0)

49.1 (13.0)

49.2 (13.0)

Male

0

101 356 (59.8)

50 642 (59.8)

50 714 (59.9)

White

104 699 (61.8)

52 239 (61.7)

52 460 (62.0)

Black

49 508 (29.2)

24 840 (29.3)

24 668 (29.1)

Ethnicity

Asian, Latin American or Aboriginal
Body mass index, kg/m2, mean (SD)
No medical coverage
Currently employed
Nonambulatory

0

15 186

(9.0)

7 645

(9.0)

(8.9)

27.5 (6.5)

4 356 (2.6)

17 621 (10.7)

8 999 (10.9)

8 622 (10.4)

48 914 (28.9)

24 474 (28.9)

24 440 (28.9)

0
4 361 (2.6)

974

(0.6)

27.5 (6.5)

7 541

15 905 (9.4)

493

(0.6)

27.5 (6.5)

481

(0.6)

Medical history
Congestive heart failure

4 361 (2.6)

21 366 (12.9)

10 686 (12.9)

10 680 (12.9)

Coronary artery disease

4 361 (2.6)

17 392 (10.5)

8 669 (10.5)

8 723 (10.6)

Hypertension

4 357 (2.6)

127 619 (77.3)

63 682 (77.2)

63 937 (77.5)

Cerebrovascular disease

4 361 (2.6)

5 257

(3.2)

2 631

(3.2)

2 626

(3.2)

Peripheral vascular disease

4 361 (2.6)

8 316

(5.0)

4 176

(5.1)

4 140

(5.0)

Diabetes, on insulin

4 360 (2.6)

Chronic obstructive pulmonary disease

4 361 (2.6)

3 042

(1.8)

1 534

(1.9)

1 508

(1.8)

Cancer

4 361 (2.6)

2 916

(1.8)

1 439

(1.7)

1 477

(1.8)

Alcoholism

4 361 (2.6)

1 552

(0.9)

786

(0.9)

766

(0.9)

7 346

(4.3)

3 730

(4.4)

3 616

(4.3)

Smoker

0

31 213 (18.9)

15 652 (19.0)

15 561 (18.8)

Cause of renal disease
Diabetes

0

58 026 (34.3)

28 952 (34.2)

29 074 (34.3)

Glomerulonephritis

33 637 (19.9)

16 868 (19.9)

16 769 (19.8)

Hypertension

35 290 (20.8)

17 582 (20.8)

17 708 (20.9)

Polycystic kidney disease

12 675

Other
Received pre-dialysis erythropoietin
Baseline serum albumin level, g/L,
mean (SD)

(7.5)

6 292

(7.4)

6 383

(7.5)

29 765 (17.6)

15 030 (17.7)

14 735 (17.4)

0

55 255 (32.6)

27 554 (32.5)

27 701 (32.7)

47 909 (28.3)

33.9 (7.0)

33.9 (7.0)

33.9 (7.0)

0

Blood type
O

81 310 (48.0)

40 680 (48.0)

40 630 (48.0)

A

57 082 (33.7)

28 549 (33.7)

28 533 (33.7)

B

24 268 (14.3)

12 154 (14.3)

12 114 (14.3)

AB

6 733

(4.0)

3 341

(3.9)

3 392

(4.0)

Peak panel reactive antibody
0%

103 675 (61.2)

51 834 (61.2)

51 841 (61.2)

1–13%

34 975 (20.6)

17 534 (20.7)

17 441 (20.6)

14–100%

30 743 (18.1)

15 356 (18.1)

15 387 (18.2)

0

251 (69–524)

251 (69–524)

252 (68–523)

0

Time from first renal replacement therapy to
listing, days, median (IQR)

0

Transplantation
None

74 923 (44.2)

37 421 (44.2)

37 502 (44.3)

Deceased donor

65 375 (38.6)

32 731 (38.6)

32 644 (38.6)

Living donor

29 095 (17.2)

14 572 (17.2)

14 523 (17.2)

*Unless stated otherwise.
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five years of 18.2%. If this patient received a living-donor transplantation nine months after being entered on the transplant
wait-list, his index score would decrease to –13 points (age +10,
BMI +0, black ethnicity –1, serum albumin level +5, glomerulonephritis –4, year 2001 –4, delay of three months before listing +6, transplantation –26, years to transplantation 0.75 +1),
with expected risk of death in five years decreasing to 4.8%.
The prognostic index was highly discriminative for patient
survival. Each index-score grouping identified in the derivation set remained significantly distinct from all other groups in
the validation set (Appendix 4, available at www.cmaj.ca/cgi
/content/full/cmaj.091661/DC1). Patients with higher scores
always had shorter survival. Of the 26 index-score groupings
displayed in Appendix 4, all but four of them contained three
or fewer discrete index scores. The concordance probability of
the index in the validation group was 0.746 (95% confidence
interval [CI] 0.741–0.751). This value indicates that, for all
possible patient pairings, the patient with the greater predicted
survival actually lived longer 74.6% of the time.
The expected and observed mortality for each prognostic
index score are presented in Figure 2 and in Appendix 5 (available at www.cmaj.ca/cgi/content/full/cmaj.091661/DC1).
Below a score of 13, the model-generated five-year expected
risk of death was within the 95% CIs of the validation set for
all index scores, except for several scores for which the
expected survival rate significantly exceeded the observed survival rate. Between index scores of 14 and 22, the expected
mortality risk underestimated the observed mortality by a mean
of 4.8%. At index scores above 30, the expected mortality
tended to exceed the observed mortality. Observed rates were
similar for each level of index score between the derivation and
validation groups in 93.9% of all patients (Appendix 5).

Interpretation
We derived and internally validated an index that predicts
overall survival in patients with end-stage renal disease who
are eligible for transplantation. This prognostic index uses
objective, readily available information to estimate the risk of
death at five years.
This prognostic index will help patients and physicians
make decisions related to renal replacement therapy by quantifying individual, expected survival with each treatment. Our
index will allow clinicians to easily calculate the expected
survival for an individual patient with and without kidney
transplantation. Clinicians can use these quantitative data to
counsel patients in the clinical setting about the expected benefits of deceased-donor or living-donor transplantation compared to those of remaining on dialysis. While the benefit of
transplantation will be positive for most patients, the relative
benefit of transplantation for some individual patients will be
blunted. For such individuals, factors other than survival (e.g.,
quality of life, adverse effects of immunosuppressive medication, risk of malignancy and need for an extensive medical
evaluation or ongoing re-evaluation) will become important
issues to consider before proceeding with transplantation.2,11–15
Our prognostic index identified several factors whose significant influence on patient survival changed notably with

transplant status. The detrimental effect of increasing patient
age on survival was accentuated with transplantation. This
effect is likely attributable to an increased risk of death among
elderly patients in the early post-transplantation period.1,16 The
detrimental effect of a delay from first renal replacement therapy to wait-listing for transplantation was amplified among
recipients of living-donor transplantation and, more so, among
those of deceased-donor transplantation. This finding is likely
attributable to the known negative association between time on
dialysis and patient survival after transplantation.17 Overall,
our findings are very consistent with previous analyses of factors associated with survival in end-stage renal failure.18,19
The negative influence of transplantation on the interaction
variables noted above was almost always greater in recipients
of deceased-donor transplantation compared with livingdonor transplant recipients. This influence explains the initially unusual finding that both deceased- and living-donor
transplantation had the same beneficial effect on mortality
(Figure 1). After considering points for the interacting variables, we observed that patients who underwent deceaseddonor transplantation almost invariably had higher index
scores and worse expected survival compared with patients
who underwent living-donor transplantation.

Table 2: Factors independently associated with death among
patients awaiting renal transplantation

Variable

Adjusted hazard ratio
(95% CI)*

Renal disease at baseline
Diabetes mellitus

1.31 (1.25–1.37)

Hypertension

0.92 (0.88–0.97)

Glomerulonephritis

0.71 (0.67–0.75)

Polycystic kidney disease

0.59 (0.55–0.64)

Medical history
Chronic obstructive pulmonary
disease

1.31 (1.20–1.42)

Nonambulatory

1.27 (1.10–1.47)

Coronary artery disease

1.18 (1.13–1.23)

Peripheral vascular disease

1.17 (1.11–1.24)

Congestive heart failure

1.17 (1.12–1.21)

Diabetes requiring insulin

1.16 (1.12–1.21)

Cerebrovascular disease

1.11 (1.03–1.19)

Hypertension

0.91 (0.88–0.94)

Smoker

1.30 (1.22–1.38)

Currently employed

0.85 (0.82–0.88)

Ethnicity (v. white)
Asian, Latin American or Aboriginal

0.69 (0.65–0.73)

Black
No transplant

0.71 (0.68–0.74)

Deceased donor

1.00 (0.92–1.08)

Living donor

0.94 (0.80–1.09)

Note: CI = confidence interval.
*Each variable was adjusted for other variables in the table.
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Points* by transplantation status
Variable

Points*

Baseline serum albumin level†

Variable

No
transplant

Deceased
donor

Living
donor

Age†

< 25

9

< 31

0

0

0

25–27

7

31–37.5

3

5

5

28–32

6

37.5–42.5

5

8

8

33–37

5

42.5–46.8

7

11

10

38–39

4

46.8–50.3

8

13

12

40–41

3

50.3–53.7

9

15

14

> 41

0

53.7–57.0

10

17

16

57.0–60.7

11

18

18

Body mass index†
< 20.4

1

60.7–65.3

13

21

20

20.4–25.0

0

> 65.3

18

28

27

25.1–35.7

–1

Ethnicity†

0

White

0

0

0

Black

–4

0

–1

Other

–4

–4

–4

> 35.7
Cause of renal failure†
Diabetes

3

Hypertension

–1

Glomerulonephritis

–4

Polycystic kidney disease

–6

Other

0

Medical history

Year of first renal
replacement therapy†‡
< 1997

0

0

0

1997

–1

0

–1

1998–1999

–2

0

–2

2000

–3

0

–3

Chronic obstructive pulmonary
disease

3

2001

–4

0

–4

Nonambulatory

3

2002–2003

–5

1

–5

Congestive heart failure

2

2004

–6

1

–6

Diabetes requiring insulin

2

> 2004

–7

1

–7

Coronary artery disease

2

Peripheral vascular disease

2

0

0

0

0

0.1–0.4

3

6

5

0.5–3.6

4

7

6

3.7–5.9

5

8

7

6–8.3

5

9

7

8.4–11.2

6

10

8

11.3–14.9

6

10

8

15–20.6

7

11

8

20.7–31.6

7

12

9

31.7–75.1

9

15

11

–

–26

–26

< 0.51

–

0

0

0.51–1.92

–

0

1

1.93–3.71

–

0

2

> 3.71

–

0

3

Cerebrovascular disease
Hypertension
Smoker
Currently employed

1
–1
3
–2

Time from first renal
replacement therapy to
listing, mo†

Transplantation
Time from listing to
transplantation, yr

Figure 1: Prognostic variables and scoring system of index for the prediction of risk of death among patients with end-stage renal disease eligible for transplantation. *To calculate the index score of a patient, points for all factors that apply are summed. †Factor for
which points are assigned to all patients. ‡Includes pre-emptive transplantation.
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1.0
0.9

Risk of death at five years

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
–30

–25

–20

–15

–10

–5

0

5

10

15

20

25

30

35

40

45

50

Index score
Figure 2: Comparison of predicted and actual risk of death at five years, by index score. The predicted (red line) and observed five-year
mortality rates (vertical axis) in the derivation cohort (blue line) and validation cohort (green line) for each prognostic index score (horizontal axis) are shown. Vertical bars = 95% confidence intervals for the observed mortality rates.

Strengths
Our study has several notable strengths. First, we used a
large, population-based data set that was collected using multiple checks for validity and has been used extensively for
research. Second, the methods used to create our survival
model were robust, including imputation for missing data,
proper modeling of continuous variables20 and proper translation of the final model into a scoring system with expected
outcomes.21 Third, we assessed the discrimination and accuracy of the index in a second group of patients that was not
used to develop the index, thereby avoiding biased conclusions from over-fitting. Fourth, all of the variables required
for our prognostic index are clear, objective and readily available to patients and clinicians. Fifth, our index is easy to
apply and can be computed quickly and without a calculator
using the point system outlined in Figure 1. In addition, we
created a simple spreadsheet that will quickly calculate predicted survival for individual patients.
Limitations
The limitations of our analysis should also be noted. First, the
model was derived from a group of patients who were
deemed eligible for transplantation and placed on a waiting
list. As such, the index should be applied only to patients who
are considered to be candidates for renal transplantation. Frequently, this assessment is straightforward. In cases in which

candidacy for transplantation is difficult to determine, transplant listing guidelines14,22 could be used to assess the applicability of this index to a particular patient. Second, the prognostic index showed the important influence of era or year of
first renal replacement therapy on patient survival. As a
result, the prognostic index will need to be updated occasionally, as recommended,23 when new data become available
from the United States Renal Data System. However, since
year was entered into the model as a linear variable (Appendix 3), this model is likely to be safely usable for years, up to
2011 as a short-term extrapolation.
Third, aside from donor type (i.e., living or deceased), we
intentionally did not add donor characteristics to the model
because we intended it to be used for pre-transplant decisionmaking. In many jurisdictions, older patients often receive
older or “expanded criteria” donor kidneys.24 Since post-transplant survival is attributable in part to donor characteristics,
the survival probabilities we have obtained reflect current
practices of allocation. If major changes in allocation were to
occur, such as ones based on “net benefit” (i.e., in which a
donor kidney is given to the person with the greatest likelihood for improved survival), the probabilities we have
derived may no longer be accurate. As such, the model should
be updated after any major changes in allocation policy.
Finally, information on comorbidities in the United States
Renal Data System may be incompletely captured, and only
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the presence — not the severity — of the illness is accounted
for in the model. Hence, the impact of some comorbidities on
survival may be underestimated by our model. Prospective
validation of the model would help determine if this underestimation is indeed happening.
Conclusion
Our prognostic index can provide important information for
the prediction of mortality among patients with end-stage
renal disease who are eligible for transplantation. We believe
that this renal prognostic index can provide valuable quantitative survival data for clinicians and patients to use when discussing dialysis and transplantation treatment options.
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