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ABSTRACT

The continuing shortage of kidneys for transplantation requires major efforts to expand the donor pool.

Donation after cardiac death (DCD) increases the number of available kidneys, but it is unknown whether

patients who receive a DCD kidney live longer than patients who remain on dialysis and wait for a

conventional kidney from a brain-dead donor (DBD). This observational cohort study included all 2575

patients who were registered on the Dutch waiting list for a first kidney transplant between January 1,

1999, and December 31, 2004. From listing until the earliest of death, living-donor kidney transplanta-

tion, or December 31, 2005, 459 patients received a DCD transplant and 680 patients received a DBD

transplant. Graft failure during the first 3 months after transplantation was twice as likely for DCD

kidneys than DBD kidneys (12 versus 6.3%; P 5 0.001). Standard-criteria DCD transplantation associated with

a 56% reduced risk for mortality (hazard ratio 0.44; 95% confidence interval 0.24 to 0.80) compared with

continuing on dialysis and awaiting a standard-criteria DBD kidney. This reduction in mortality translates

into 2.4-month additional expected lifetime during the first 4 years after transplantation for recipients of

DCD kidneys compared with patients who await a DBD kidney. In summary, standard-criteria DCD

kidney transplantation associates with increased survival of patients who have ESRD and are on the

transplant waiting list.
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Kidney transplantation results in substantial sur-

vival benefit for dialysis patients who are on the

waiting list in North America, Europe, and Austra-

lia.1– 4 This survival benefit extends to subgroups of

high-risk recipients at the extremes of age or after

failure of a previous kidney transplant5–9 and also

applies to high-risk donors with old age or medical

comorbidities.10

Considering the survival benefit of kidney trans-

plantation, major efforts must be made to increase

the supply of deceased-donor kidneys and to reduce

the waiting times for transplantation. In recent

years, transplantation of organs from donation af-

ter cardiac death (DCD) has been advocated as a

means to expand the donor pool.11 In contrast to

organ donation after brain death (DBD), the delay

between circulatory arrest and organ preservation
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may cause acute ischemic injury in DCD organs. As a conse-

quence, the incidence of delayed graft function and primary

nonfunction in DCD kidney transplantation is relatively high,

although survival of functioning grafts seems to be satisfac-

tory.12–18

During the past decade, DCD has evolved into routine clin-

ical practice that currently supplies .10% of all deceased-do-

nor kidneys in the United States and up to 50% in the Nether-

lands; however, it is unknown whether patients who receive a

DCD kidney live longer than patients who receive conven-

tional therapy (i.e., continue dialysis treatment with the option

of later receiving a DBD kidney). We therefore evaluated the

effect of kidney transplantation from different types of de-

ceased donors on the survival of dialysis patients who were on

the waiting list in an observational cohort study including all

patients who were registered on the Dutch waiting list for a first

kidney transplantation between 1999 and 2004.

RESULTS

Study Population

During the recruitment phase of the study, 2708 patients were

actively listed for a first kidney transplantation (Figure 1). Of

these patients, 133 were excluded because they did not receive

dialysis therapy while actively listed for kidney transplantation

or because they received a transplant outside Eurotransplant

with an unknown transplantation date. Characteristics of the

2575 patients included in the study are described in Table 1. Of

these patients, 680 underwent DBD kidney transplantation

and 459 patients received a DCD transplant within the study

period. Dialysis patients who were on the waiting list contrib-

uted a mean of 675 days (SD 514 days) of follow-up, accumu-

lating to a total follow-up time of 4774 patient-years. Recipi-

ents of DBD and DCD kidneys were followed for 845 (SD 581)

and 625 days (SD 483 days), respectively, accumulating to total

follow-up times of 1575 and 787 patient-years. Unadjusted mor-

tality rates were 5.0% per patient-year in the dialysis patients who

were on the waiting list and 3.9 and 3.4% per patient-year for

recipients of DBD and DCD kidneys, respectively.

Overall, 25% of the transplanted kidneys were recovered

from expanded-criteria donors (ECDs). Among the DCD kid-

neys, 88% had been recovered after controlled withdrawal of

treatment in the intensive care unit, whereas 12% were pro-

cured in an uncontrolled manner after failed cardiopulmonary

resuscitation. DCD donors were on average 1.9 years younger

(P 5 0.05) and significantly more likely to be male (55 versus

46%; P 5 0.01) than DBD donors. Recipients of DCD kidneys

were on average 4.8 years older (P , 0.001) and significantly

more likely to be male (63 versus 57%; P 5 0.04) than recipi-

ents of DBD kidneys. Mean waiting time for DCD kidneys was

141 days longer than for DBD kidneys (P , 0.001). DCD and

DBD kidney transplantations were not significantly different

with respect to other baseline characteristics. DCD kidneys

failed significantly more often than DBD kidneys in the first 3

months after transplantation (12 versus 6.3%; P 5 0.001). Early

graft failure occurred in 22% of ECD DCD and in 20% of

uncontrolled DCD kidney transplantations.

Effect of Kidney Transplantation on Survival of Dialysis

Patients on the Waiting List

Overall mortality rates of patients who received DBD and DCD

kidneys were compared with the alternative therapeutic option

of dialysis treatment or waiting on dialysis until standard-cri-

teria DBD kidney transplantation, respectively, using Cox re-

gression with sequential stratification (Table 2).19,20 In line

with previous studies,1– 4 standard-criteria DBD kidney trans-

plantation was associated with a 49% mortality rate reduction

compared with dialysis treatment (hazard ratio [HR] 0.51;

95% confidence interval [CI] 0.32 to 0.81; P 5 0.004). We

subsequently compared the survival benefit of receiving a stan-

dard-criteria DCD kidney to dialysis treatment with the option

of later receiving a standard-criteria DBD kidney. The mortality

rate after standard-criteria DCD kidney transplantation was 56%

lower than with this conventional therapy (HR 0.44; 95% CI 0.24

to 0.80; P 5 0.007). The effect of DCD kidney transplantation on

mortality rate did not differ with patient age or kidney disease

(P 5 0.44 and P 5 0.83 for interaction terms, respectively). Mor-

tality rates after ECD DBD or DCD kidney transplantation were
Figure 1. Flow chart of patient selection and follow-up in the
observational cohort study.
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not significantly different from conventional therapy (P 5 0.62

and P 5 0.15, respectively). Sensitivity analyses excluding pediat-

ric patients, excluding recipients of uncontrolled DCD kidneys,

excluding patients with missing data, or by adjusting only for

stratification covariates produced similar results.

Because mortality rates after kidney transplantation may

change over time,1 statistical models with time-dependent

HRs were fitted. In the early posttransplantation period,

kidney transplant recipients experienced higher mortality

rates and lower survival probabilities than patients who

were treated with conventional therapy (Figure 2). The

mortality rate of transplant recipients gradually decreased,

however, which in time led to a survival benefit for patients

who received a kidney transplant. The mortality rate and

survival probability of standard-criteria DCD kidney trans-

plant recipients were equal to those of patients who received

conventional therapy at 7 and 13 months after transplanta-

tion, respectively, after which a survival benefit was ob-

served for transplant recipients (Figure 2A, Table 3). Within

the first 4 years after transplantation, recipients of standard-

criteria DCD kidneys were expected to live 2.4 months

longer than patients who continued dialysis treatment with

the option of later receiving a kidney from a standard-cri-

teria DBD donor. For comparison, after standard-criteria DBD

kidney transplantation, mortality rates and survival probabilities

were equal to those of dialysis treatment at 5 and 9 month after

transplantation, respectively, whereupon transplant recipients had

the advantage (Figure 2B). The estimates for ECD DBD and DCD

kidney transplantation, which were not associated with overall mor-

tality rate reductions, are presented in Table 3.

DISCUSSION

The continuing shortage of kidneys for transplantation re-

quires major efforts to expand the donor pool. Despite sub-

stantial increases in kidney transplantation from living do-

nors and ECD DBD in the past decade, the supply of donor

kidneys still does not meet demands.21 Liberal use of DCD

kidneys may lead to considerable expansion of the donor

pool but is associated with a relatively high incidence of

delayed graft function and primary nonfunction.12–18,22,23

In this study, graft failure in the first 3 months after trans-

plantation was twice as likely for DCD kidneys than for

Table 2. Reduced mortality rate after kidney transplantation from different deceased-donor types compared with the
alternative therapeutic option of dialysis treatment or waiting on dialysis until standard-criteria DBD kidney transplantation
(conventional therapy)

Deceased-Donor Type Overall HR 95% CI P

SCD DBD kidney transplantation versus dialysis treatment 0.51 0.32 to 0.81 0.004

SCD DCD kidney transplantation versus conventional therapy 0.44 0.24 to 0.80 0.007

ECD DBD kidney transplantation versus conventional therapy 1.12 0.71 to 1.76 0.62

ECD DCD kidney transplantation versus conventional therapy 0.61 0.31 to 1.19 0.15

Results were adjusted for age, gender, calendar year, dialysis time before placement on the waiting list, dialysis time while on waiting list, kidney disease,
transplant center, and panel reactive antibodies.

Table 1. Patient characteristics and unadjusted mortality of the study cohort

Characteristic

Patients on the

Waiting List
DBD Recipients DCD Recipients

n Mean 6 SD or % n Mean 6 SD or % n Mean 6 SD or %

Age (years; mean 6 SD) 2575 49 6 15 680 46 6 18 459 51 6 13

Gender (male/female) 2575 60/40% 680 57/43% 459 63/37%

Kidney disease (renovascular/other) 2068 30/70% 543 28/72% 374 29/71%

Panel reactive antibodies (#5/6 to 84/$85%) 2566 93/6/1% 677 92/7/1% 457 94/6/0%

Dialysis before placement on waiting list (days) 2517 516 6 542 669 579 6 652 457 601 6 575

Dialysis type (hemodialysis/peritoneal) 2517 56/44% 669 56/44% 457 57/44%

Time from placement on waiting list until

transplantation (days)

680 594 6 499 459 713 6 503

Donor age (years) 680 47 6 16 459 45 6 16

Donor gender (male/female) 680 46/54% 459 55/45%

Donor criteria (SCD/ECD) 680 73/27% 459 78/22%

DCD type (controlled/uncontrolled) 459 88/12%

Average follow-up time (days) 2575 675 6 514 680 845 6 581 459 625 6 483

Total follow-up time (patient-years) 2575 4774 680 1575 459 787

Deaths 2575 239 680 61 459 27

Unadjusted mortality rate (/patient-year; %) 5.0% 3.9% 3.4%

Graft failure within 90 days 678 6.3% 456 12%

SCD, standard-criteria donor.
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DBD kidneys; however, DCD kidneys that overcome the

early posttransplantation period function as long as DBD

kidneys12–18; therefore, it is unclear whether dialysis pa-

tients who are on the waiting list should accept an offer for

DCD kidney transplantation or continue dialysis treatment

until a conventional DBD kidney is available.

In this study, we show for the first time that standard-

criteria DCD kidney transplantation was associated with a

survival advantage compared with conventional therapy for

patients waiting for a first kidney trans-

plantation. The overall mortality rate was

reduced by 56% after DCD kidney trans-

plantation, which translated into a 2.4-

month increase in expected lifetime dur-

ing the first 4 years after transplantation.

The follow-up period of 1 to 5 years from

placement on the waiting list is relatively

short to address long-term outcomes af-

ter transplantation; however, by extrapo-

lating the survival curves, it seems likely

that the additional lifetime gained from

DCD kidney transplantation will increase

with longer follow-up (Figure 2A). Our

findings indicate that despite the rela-

tively high incidence of delayed graft

function and early graft loss, dialysis pa-

tients who are on the waiting list will en-

joy longer life expectancy after DCD kid-

ney transplantation compared with

continuation of dialysis treatment with

the option of later receiving a conven-

tional DBD kidney.
The findings of this study should be in-

terpretedwithinthelimitationsofobservational

studies that may be subject to selection

bias. Patients who undergo kidney trans-

plantation will inherently be healthier than

the general dialysis population because of

selection at the time of waiting list registra-

tion and acceptance of an allocated organ.

We used sequential stratification analysis, a refinement of Cox

regression, to avoid comparison of transplant recipients with

dialysis patients who had become medically unfit for trans-

plantation. This statistical technique sequentially compares

each transplant recipient with control subjects who were actual

transplant candidates at that time while maintaining inten-

tion-to-treat analysis, which is not possible with standard Cox

regression.19,20 In addition, the survival benefit after DCD kid-

ney transplantation was relatively large and remained stable

Figure 2. DCD and DBD kidney transplantation provide survival benefit compared to
conventional therapy. (A) Survival benefit of standard-criteria DCD kidney transplan-
tation compared with conventional therapy (i.e., continuing dialysis treatment with the
option of later receiving a standard-criteria DBD kidney). (B) Survival benefit of standard-
criteria DBD kidney transplantation compared with dialysis treatment. Comparison groups
had spent equal times on the waiting list at time 0.

Table 3. Survival benefit after kidney transplantation from different deceased-donor types compared with the alternative
therapeutic option of dialysis treatment or waiting on dialysis until standard-criteria DBD kidney transplantation
(conventional therapy)

Deceased-Donor Type
Time to Equal Mortality

Rate (months)

Time to Equal Survival

(months)

Time to Equal Lifetime

(months)

Additional Lifetime

(months)a

SCD DBD kidney transplantation

versus dialysis treatment

5 9 21 12.1

SCD DCD kidney transplantation

versus conventional therapy

7 13 24 12.4

ECD DBD kidney transplantation

versus conventional therapy

20 43 Not observed 21.5

ECD DCD kidney transplantation

versus conventional therapy

5 14 22 11.5

Results were adjusted for age, transplant center, and dialysis time while on waiting list. Statistical analysis did not allow estimation of CIs.
aAdditional lifetime within the first 4 years after kidney transplantation.
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when adjusted for several patient characteristics. Relative mor-

tality rates were not affected by patient age or kidney disease

and were insensitive to exclusion of potentially confounding

cases. Taken together, we consider it unlikely that the effect of

DCD kidney transplantation on survival has been overesti-

mated as a result of patient selection bias.

The survival benefit of kidney transplantation over dialysis

treatment was previously demonstrated in various geographic

areas with different health care systems.1– 4 Our study confirms

these results and adds contemporary information from a large

European cohort of dialysis patients who were on the waiting

list. The relative mortality rate reduction of 55% in our cohort

at 18 months after standard-criteria DBD kidney transplanta-

tion seems lower than previously reported (68 to 82% at 12 to

18 months after transplantation).1– 4 This difference may be the

result of the more rigorous sequential stratification analysis

used in this study, because analysis of our data using time-

dependent Cox regression produced a relative mortality rate

reduction of 65% at 18 months after standard-criteria DBD

kidney transplantation. Furthermore, the survival benefit of

kidney transplantation in the United States extends to kidneys

recovered from ECDs.10 We could not confirm these findings

and instead report similar survival for dialysis patients and

recipients of ECD kidneys from either DBD or DCD donors,

which may be due to the relatively high mortality of patients who

receive dialysis treatment in the United States.24 Despite the lack

of survival benefit, ECD kidney transplantation can still be advan-

tageous by improving quality of life and by reducing the mean

waiting time to transplantation for dialysis patients.

Our study provides novel insight into the clinical outcome

of DCD kidney transplantation. This is a timely subject, be-

cause the contribution of DCD to the pool of donor kidneys is

growing exponentially.11 Currently, approximately 10% of de-

ceased-donor kidneys in the United States are being recovered

from DCD donors, and this proportion is expected to increase

further.21 In the Netherlands, almost 50% of deceased-donor

kidneys have been procured from DCD donors since the intro-

duction of a nationwide protocol.25 This large proportion of

DCD donors allowed accurate analysis of the survival benefit

from liberal use of DCD kidneys for transplantation. The gener-

alizability of our results may depend on the specific donor and

recipient characteristics of other health care systems. DCD kid-

neys were mostly procured after controlled withdrawal of sup-

portive treatment in the intensive care unit. Only a small propor-

tion (12%) of DCD kidneys were procured in an uncontrolled

manner after failed cardiopulmonary resuscitation. Because or-

gans from uncontrolled DCD donors generally sustain more ex-

tensive warm ischemic injury, it would be of interest to examine

these kidney transplantations separately in future studies.

In conclusion, patients who receive a standard-criteria DCD

kidney live longer than patients who continue dialysis treatment

with the option of later receiving a conventional DBD kidney

transplantation. More widespread implementation of DCD may

further increase the life expectancy of patients with ESRD by re-

ducing the waiting times for transplantation.

CONCISE METHODS

Study Design
The effect of kidney transplantation from various types of deceased do-

nors on the survival of dialysis patients who were on the waiting list was

evaluated in an observational cohort study including all patients who

were registered on the Dutch waiting list for a first kidney transplantation

between January 1, 1999, and December 31, 2004. Individuals who did

not receive dialysis therapy while listed as candidates for kidney trans-

plantation were excluded from this analysis. All patients were followed

until the earliest of death, living-donor kidney transplantation, trans-

plantation outside the Eurotransplant area, listing for multiorgan trans-

plantation, or December 31, 2005. All kidneys were allocated through

standard Eurotransplant policies that were identical for DCD and DBD

grafts. Patients were informed of the possibility of DCD kidney trans-

plantation at the time of placement on the waiting list.

Data Sources and Definitions
Dates of placement on the waiting list and transplantation were pro-

vided by Eurotransplant. The Dutch Organ Transplant Registry pro-

vided data on donor and recipient characteristics, including the dates

of graft failure and death after transplantation. Characteristics of di-

alysis patients and dates of death during dialysis treatment were ob-

tained from the Renine database, which registers all dialysis patients

in the Netherlands. Mortality data were checked with the Central

Bureau of Genealogy, which records all deaths reported to the Dutch

authorities. The data sources were accessed from March 1, 2007, to

September 30, 2007. Patient data were collected, stored, and used in

agreement with the code of conduct “use of data in health research”

from the Dutch federation of biomedical scientific societies; ethics

approval was not required. Dialysis time before placement on the

waiting list was missing at random in 2.3% of patients, in which case

transplant center–specific means were imputed.

ECD status was defined as donation at $60 years or between 50

and 60 years with two additional risk factors (last serum creatinine

.1.5 mg/dl, history of hypertension, cardiovascular cause of death);

all other donors were considered standard-criteria donors.26 Panel

reactive antibodies were categorized into three groups (#5, 6 to 84, or

$85%) according to the Eurotransplant definition of nonimmu-

nized, immunized, and highly immunized transplant candidates, re-

spectively. Primary kidney disease was classified as renovascular (in-

cluding hypertensive and diabetic nephropathy) or other reasons

because of the difference in life expectancy between these sub-

groups.27 Graft failure was defined as return to dialysis treatment or

retransplantation; recipient death with a functioning transplant was

not considered as graft failure.

Statistical Analysis
Continuous variables were expressed as mean 6 SD and categorical vari-

ables as percentages. Baseline characteristics of DCD and DBD kidney

transplantations were compared using independent samples t tests for

continuous variables and Pearson x
2 tests for categorical variables.

For each donor type, the covariate-adjusted effect of kidney trans-

plantation on survival was evaluated by sequential stratification, an

extension of Cox regression required for appropriate set-up of com-
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parison groups for time-dependent treatments that has been used in

several analyses of transplant registries.19,20,28 –30 This method pro-

ceeds by first matching each transplant recipient to patients within the

same age group (#19, 20 to 39, 40 to 59, and $60 years) and trans-

plant center who were actual transplant candidates (i.e., not deceased,

having received a transplant, de-listed, or inactivated) at the fol-

low-up time at which the index patient received his or her kidney

transplant. The median number of matches per recipient was 46 (in-

terquartile range 20 to 91). These matched patients formed the con-

ventional therapy group with which the index transplant recipient

was being compared. To evaluate standard-criteria DBD kidney

transplantation, patients in the conventional therapy group contin-

ued to be followed up after de-listing but were censored when receiv-

ing any kidney transplant. To evaluate kidney transplantation from

nonstandard donors, however, follow-up of patients in the compari-

son group continued after receipt of a standard-criteria DBD kidney,

because this is considered part of conventional therapy.

After sequentially creating matched sets (strata) of conventional

therapy patients for each transplant recipient, we combined the

matched sets and fitted a stratified Cox regression model. Matching

adjusted for patient age, transplant center, and time on the waiting

list. The analysis was further adjusted for potential confounding by

patient gender, kidney disease, dialysis time before placement on the

waiting list, calendar year, and panel reactive antibodies by including

these covariates in the Cox model. Overall hazard ratios (HR) were

computed as in standard Cox regression. To account for the repeti-

tion of patients across strata, we used a robust (sandwich) variance

estimator to calculate SEs. Interactions between therapy 3 patient age

and therapy 3 kidney disease were evaluated.

It was previously reported that the mortality rate after kidney trans-

plantation decreases progressively over time1; therefore, we fitted non-

proportional hazard models, which allowed the treatment effect to differ

with time since transplantation. In addition, Nelson-Aalen survival

curves were computed for the kidney transplantation and conventional

therapy groups (10 randomly selected conventional therapy patients per

stratum, excluding the approximately 5% of strata containing ,10

matches). These analyses allowed estimation of the time at which mor-

tality rates, survival probabilities, and restricted residual mean lifetimes of

the kidney transplantation and conventional therapy groups were equal.

Furthermore, we estimated the lifetime gained through kidney transplan-

tation within the first 4 years after transplantation.

Sensitivity analyses were done by exclusion of pediatric patients

(,16 years), by exclusion of recipients of uncontrolled DCD kidneys,

by exclusion of patients with missing data on dialysis time before

placement on the waiting list, and by adjusting only for covariates

used for stratification (patient age, transplant center, and time since

placement on the waiting list). P , 0.05 was considered statistically

significant. All statistical computing was carried out by DES using SAS

9.1.3 (SAS Institute, Cary, NC).
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