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Abstract

Background: Donation after cardiac death (DCD) has led to an
increase of up to 40% in the number of kidney transplants in
some programs. Unfortunately, the increase in warm ischemic time
results in higher rates of delayed graft function (DGF). The purpose
of our study was to examine our initial 5-year experience with
DCD kidney transplantation and to determine the factors involved
in early postoperative function and function at 1 year.

Methods: This retrospective study included a review of the recipient
and donor charts of 63 DCD kidneys retrieved and transplanted by
the London Multi-Organ Transplant Program between July 2006
and October 2011. Comparisons were carried out between our
early (n=31, July 2006 to January 2009) and our recent experience
(n=32, March 2009 to October 2011). DGF and creatinine clear-
ance at 3, 7 and 365 days were examined with regression analyses.
Results: DGF was seen in 65% of transplanted kidneys. Mean
creatinine clearance (CrCl) at 1 year was 66.7 mL/min. Low pre-
transplant recipient daily urine output was the most statistically
significant predictor of DGF in multivariate analysis (p < 0.001). In
comparisons between our early and more recent results, improve-
ments were noted in time from asystole to flush (16.0 vs. 12.0
minutes, p = 0.003), while cold ischemic time increased (464 vs.
725 minutes, p = 0.006). Experience contributed to a significant
reduction in hospital length of stay (16 vs. 13 days, p = 0.035)
and improved early renal function (CrCl at 3 days 7.8 vs. 11.9 mL/
min, p = 0.027). The use of machine cold perfusion and higher
recipient preoperative daily urine output predicted improved early
renal function, while increasing donor age predicted poorer func-
tion at 1 year.

Discussion: Despite early DGF, our results justify the continued
transplantation of kidneys from DCD donors.

Introduction

In the early period of transplantation in the 1960s, the
retrieval of organs for transplantation could only occur after
the cessation of cardiac activity (cardiac death), as brain
death was not yet recognized. The only alternative was to
obtain a kidney from a living relative. In 1968, the Ad Hoc
committee of Harvard Medical School’ arrived at a defini-
tion for brain death (currently designated as Neurological
Determination of Death [NDD]?) which allows retrieval of
organs that are perfused until the time of procurement. As a
result, the organs obtained for transplant were of much better
quality. As there were few transplant programs at the time,
NDD donors appeared to provide ample organs for transplan-
tation and the use of organs from donation after cardiac death
(DCD) donors ceased in all but a few programs in the United
States, although some jurisdictions outside North America,
particularly in Europe, continued to use DCD donor organs
for a many of their deceased donor transplants.

At the turn of the new millennium, the gap between the
number of people awaiting transplantation and the num-
ber of organs available was growing and programs were
challenged to find ways to increase the number of organs
available for transplant. The retrieval of organs from donors
after cardiac death was re-examined. DCD does not actually
represent a new way of obtaining organs from deceased
donors, but rather a return to an original approach to organ
procurement.

Early organ function could be compromised with DCD
transplantation due to a prolonged warm ischemic time
associated with withdrawal of life support, the subsequent
declaration of cardiac death, and the time of cannulation
for flushing and cooling. Therefore, it is important to care-
fully assess factors that affect immediate- and long-term
DCD outcomes. We hypothesize that early kidney function
is affected by warm ischemic time, blood pressure during
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the withdrawal process, and the use of pulsatile perfusion
machines during organ storage. We also believe there is
a significant learning curve in managing the DCD donor/
organ and that delayed graft function (DGF) rates fall with
increasing clinical experience.

from the Western University Health Sciences Research Ethics
Board. Between July 2006 and October 2011, 72 kidneys
were retrieved from DCD donors by the London Multi-Organ
Transplant Program retrieval team. Three were used in simul-
taneous kidney-pancreas transplants and 2 pairs were used
for en-bloc transplantation. Two kidneys were sent to anoth-
er program for implantation. The remaining 63 kidneys that
were transplanted as a single-organ transplant at the London
Health Sciences Centre were included in our analysis.

A database was created in Excel 2007 (Microsoft,
Richmond, WA) after review of each patient’s medical rec-
ord. We also reviewed the initial consultation for transplant
assessment performed by the transplant nephrologist and
transplant surgeon. Pre-transplant urine daily output was
estimated as 15, 125, 250, 1000 and 2000 mL, respectively,
recognizing that these are crude estimates. Donor informa-
tion was obtained from the detailed electronic database,
which included hemodynamic data recorded from the time
of withdrawal of life support to the initiation of flushing of
organs. A “no-touch” time of 5 minutes from the time of ces-
sation of antegrade blood flow is standard at our institution.?
Machine cold perfusion, when used, was with the LifePort
Pulsatile Flow Kidney Transporter (Organ Recovery Systems,
Chicago, IL), with Kidney Perfusion Solution-1 (KPS-1) solu-
tion at 4°C.

All but 2 patients were induced with thymoglobulin.
Maintenance immunotherapy included tacrolimus, myco-
phenolate mofetil and prednisone. DGF was defined
as the need for dialysis in the first week post-transplant,
while slow graft function (SGF) was defined as serum cre-
atinine >265 pmol/L on day 5, without a need for dialysis.*
Creatinine clearance was calculated using the Cockcroft-
Gault equation (for stable creatinine) or the Jeliffe equation®
for non-steady-state creatinine, such as one would expect
in the first postoperative week.

Table 1. Overall outcomes of donation after cardiac death
donor kidney transplants at London Health Sciences
Centre, 2006-2011

Successful retrievals

36/41 (87.8%)
60/63 (95.2%)
62/63 (98.4%)
54/56 (96.4%)
55/56 (98.2%)

Overall graft survival
Overall patient survival
One-year graft survival
One-year patient survival

Transplantation of DCD kidneys

Our main outcomes of interest were creatinine clearance
on days 3, 7, 30 and 365 and DGF. Univariate analysis
was carried out and factors with a p value of <0.20 were
then entered into a multivariate regression analysis model
to determine factors associated with creatinine clearance at
the various times. Logistic regression was used for DGF. We
also compared our early (n= 31, from July 2006 to January
2009) versus recent experience (n = 32, from March 2009
to October 2011) to identify trends or improvements in out-
comes as we learned from our program’s DCD experience.

Data were analysed using the Student’s t-Test or Chi-
squared test as appropriate and the Mann-Whitney U test
and Spearman’s correlation were used for non-parametric
data. Multivariate regressionand logistic regression analyses
were calculated using SPSS 20 (SAS institute, Cary, NC).

Results

Graft function

We tallied overall outcomes (Table 1). DGF was seen in 65%
of transplanted kidneys and SGF in 15.9%,while primary non-
function was not observed. Most often, the indication for
dialysis was fluid overload (Table 2). We compared the fea-
tures of the grafts that exhibited early and the DGF (Table 3).
Retrieval factors were important; the total time the donor had
a mean arterial pressure (MAP) less than 55 mmHg during the
withdrawal period was significant (p = 0.049), while there was
a trend towards significance in terms of the time from asys-
tole to flush (p = 0.07) and time from withdrawal to asystole
(p = 0.063). Interestingly, of all the factors, pre-transplant (i.e.,
native kidney) daily urine output shows the most significant
difference, and the significance of this factor alone persists
when logistic regression analysis was carried out.

Early vs. recent experience with DCD kidney transplantation
Aside from the difference in gender distribution among

donors in the two groups, there was no difference in the
donor characteristics (Table 4). Retrieval times appeared

Table 2. Function of the 63 single donation after cardiac
death kidney transplants

Delayed graft function 41/63 (65.1%)
10/63 (15.9%)

Primary non-function 0

Slow graft function

Indications for dialysis

*  Fluid overload 18 (44%)
* Hyperkalemia 10 (24%)
*  “Uremia” or none listed 17 (42%)

CrCl at one month, median (IQR)
CrCl at one year, median (IQR)

42.5 mL/min (33.4, 69.6)
66.7 mL/min (56.4, 78.5)

CrCl: creatinine clearance; IQR: interquartile range.
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Table 3. Comparison of factors in delayed graft function
versus early graft function

Early function

DGF (n=41) (n=22) p value
45.3 (41.0, 41.5 (34.6,
Donor age 49.5)* 48.5)* 0.35
Donor gender 22 M, 19 F 15M,7F 0.30
25.7 (23.4, 25.0 (23.0,
Donor BMI 27.8)" 31.0)" 0.82

Donor creatinine
clearance (cc/min)

140 (108, 179)*

137 (106, 161)"  0.63

Time from withdrawal 29.3(19.2, 16.7 (9.4, 0.063

to asystole (min) 39.5)" 23.9)" ’

Time with MAP 28.2 (22.0, 21.1 (18.2,

<55 mmHg during 0.049
. . 34.4)" 24.1)t

withdrawal (min)

Time from asystole to 14.6 12.8 0.071

flush (min) (13.0,15.8)" (10.9,14.7)" ’

Cold ischemic time
(min)

682 (502, 682)"
56.7 (53.0,

798 (715, 941)'  0.58
51.9 (44.4,

To examine factors involved in longer-term outcomes,
we studied creatinine clearance at 1 year in a similar man-
ner (Table 7). The only factor that emerged as a significant
predictor in multivariate analysis was donor age.

Cold pulsatile perfusion

As discussed above, cold pulsatile perfusion emerged as an
independent predictor of improved early creatinine clear-
ance (Fig. 1).

Discussion

A review of our DCD donor kidney transplants since incep-
tion of our DCD program in 2006 revealed that 3-month
and 1-year graft survival and function were excellent, despite
a high DGF rate. This is consistent with the experience of
other DCD transplant series.®” In this population with high
DGF rates, the most frequent indication for early dialysis
was “fluid overload.” Interestingly, we also noted that an
increased pre-transplant daily urine output strongly predict-
ed avoidance of DGF and was associated with increased
early creatinine clearance. To our knowledge, pre-transplant

Table 4. Comparison of early (2006 - 2009) vs. recent (2009
-2011) donation after cardiac death kidney transplant
characteristics

Recipient age 60.3)* 59.4)* 0.21
Pulsatile cold 21 (51%) 15 (68%) 0.14
perfusion use

Recipient gender 30M, 11 F 15M,7F 0.77
Recipient o o
Py 38 (92%) 18 (82%) 0.23
Recipient diabetes 14 (34%) 7 (32%) 0.22
Recipient pre-

transplant daily urine 250 (125, 500)" 12,?500(07)?0’ <0.001

output (cc)

DGF: delayed fraft function; BMI: body mass index; MAP: mean arterial pressure. In a
multivariate logistic regression analysis, only recipient pre-transplant daily urine output
emerged as a significant predictor of DGF (p=0.001, exp(B)=0.998, [(95% CI 0.997, 0.999]).
*95% confidence interval; tinterquartile range.

to change with our more recent experience. Decreases
were noted in terms of the time with MAP under 55 mmHg
and time from asystole to flush, while cold ischemic time
increased. The use of the cold pulsatile perfusion was intro-
duced to the program midway through the early phase of our
program and occurred in 26% (early) versus 81% (late) of
kidney transplants. Recipient characteristics did not change
and although there was a trend towards fewer biopsies being
done in the recent time period, this did not achieve statisti-
cal significance.

Experience contributed to a significant reduction in hos-
pital length of stay (16 vs. 13 days) and in early renal func-
tion (creatinine clearance), without a significant change in
the rate of DGF (Table 5). The improvement in creatinine
clearance on day 3 was studied (Table 6) using univariate
analysis; subsequently, a multivariate analysis model was
constructed. The use of pulsatile cold perfusion and recipi-
ent pre-transplant daily urine output emerged as significant
predictive factors. A similar analysis was done for creatinine
clearance on day 7, with similar results (data not shown).

Early (n=31) Recent (n=32) p value
43.4 (38.0, 44.5 (39.4,
Donor age 48.8)* 49.6)* 0.77
Donor gender 9M, 22 F 28 M, 4F <0.001
24.8 (23.4, 27.4 (22.9,
Donor BMI 26.8)" 31.4)" 0.42
Donor creatinine 133 (122, 171)" 140 (101, 0.69
clearance 176)"
Time from withdrawal o 12.0 (10.8,
to asystole (min) IEHD ), Sl 15.3)" el
Time with MAP 25.0 (18.0, 18.0 (15.8,
<565 mmHg during 0.003
. . 34.5) 22.3)"
withdrawal (min)
Time from asystole to 16.0 (13.0, 12.0 (11.0, 0.003
flush (min) 17.0)" 15.3)" ’
Cold ischemic time . 725 (600,
(min) 464 (261, 770) 894)" 0.006
Warm ischemic time 26.0 (24.5, 24.0 (22.0, 0.19
(min) 48.0)" 27.3)" ’
Pulsatile cold perfusion o 26 /32
used 8/ 31 (25.8%) (81.3%) <0.001
- 54.2 (49.0, 55.8 (50.9,
Recipient age 59.5)* 60.7)* 0.67
Recipient gender 23 M, 8F 27 M, 10 F 0.62

28 (90.3%) 28 (87.5%) 0.96
Recipient diabetes 11 (35.5%) 10 (31.3%) 0.72

BMI: body mass index; MAP: mean arterial pressure; M: male; F: female; ¥*95% confidence
interval, Tinterquartile range.

Recipient hypertension
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Table 5. Comparison of early (2006-2009) vs. recent (2009
- 2011) donation after cardiac death kidney transplant
results

Early (n=31) Recent (n=32) p value

17 / 18 (94%)
4/31(13%)
22 /31 (71%)
16 (12, 18)

19/23(83%)  0.40
6/32 (19%) 0.53
19/32(59%) 0.33

13 (9, 15) 0.035

Successful retrievals
Slow graft function
Delayed graft function
Length of stay (days)
Biopsy during initial

. 21/ 31 (69%)
admission

16/32 (50%)  0.15

reatinine clearan 11. 1,
g;:\t/s e prnee a 7836, 14.3) 1%‘(08? 0.027
Creatinine clefanrance at 11.3 (6.0, 16.6 (9.9, 013
7 days (mL/min) 20.5)" 26.7)"
Creatinine clea_rance at 42,5 (34.3, 42.8 (334, 084
30 days (mL/min) 69.5)" 69.5)
Creatinine clearz-mce at 66.4 (57.5, 67.0 (56.3, 0.80
365 days (mL/min) 77.6)" 79.2)"

tinterquartile range.

urine output as a predictor of need for dialysis post-trans-
plant has not been reported elsewhere. Taken together, the
residual ability of the native kidneys to affect overall fluid
balance may critically affect the need for dialysis in DCD
renal transplant recipients with limited initial renal function.

Additionally, improvements in perioperative donor and
organ management, including a decrease in time from
asystole to flush and an increased use of pulsatile cold per-
fusion in our most recent cases, improved early transplant
outcomes. The aforementioned factors and likely our greater
comfort with DCD transplant recipients led to a reduction in
length of hospital stays for the recipients along with a trend

Table 7. Univariate analysis of factors involved in
creatinine clearance at one year

Table 6. Analysis of factors involved in improved creatinine
clearance on postoperative day 3

Univariate Multivariate
Factor pvalue pvalue B 95% CI
Donor age 0.70
Donor BMI 0.34
Donor creatinine 058
clearance
Time from withdrawal to 0.70
asystole
Time with MAP
<55 mmHg 20
Time from asystole to 0.014
flush
Cold ischemic time 0.19
Warm ischemic time 0.30
Pulsatile cold perfusion 0.008 0.018 739 (1.35,
use 13.43)
Recipient pre-transplant (0.004 ,
daily urine output (cc) AL DUOTO e 0.013)

BMI: body mass index; MAP: mean arterial pressure; Cl: confidence interval.

towards fewer biopsies. The pulsatile perfusion machines
were not used in our program until mid-2008. It was our
institution’s intention to use pulsatile perfusion in all DCD
kidneys with a predicted cold ischemia time of 6 hours
or greater. Indeed, the cold ischemic time for kidneys that
were not placed on the pump was significantly shorter
(8.9 hours) compared to kidneys that were placed on the
pump (12.7 hours, p = 0.005). With the addition of pulsatile
perfusion pumps, and increasing comfort level with these
organs, our late versus early data demonstrated increased
cold ischemic time. In the early phase, all DCD kidneys were
transplanted as soon as possible, even if this meant calling in

Univariate Multivariate

Factor pvalue pvalue B 95% ClI
(-1.16,

Donor age 0.09 0.007 -0.69 0.22)

Donor BMI 0.40

Donor creatinine 0.78

clearance

Time from withdrawal to 0.24

asystole

Time with MAP <55 0.68

mmHg

Time from asystole to 0.89

flush

Cold ischemic time 0.15

Warm ischemic time 0.28

Pulsatile cold perfusion 0.43

use

Recipient pre-transplant 0.42

daily urine output (cc)

BMI: body mass index; MAP: mean arterial pressure; Cl: confidence interval.
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Fig. 1. Creatinine clearance on days 3, 7, 30, and 365 for donation after cardiac
death kidneys preserved with static cold preservation (‘'No Pump’) versus
pulsatile cold perfusion (‘PUMP’).
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a second operating room team to transplant kidneys simul-
taneously. With experience, DCD renal transplants were
prioritized in the same manner as standard criteria kidneys.
It was reassuring that despite increased cold ischemic times,
early graft function results continued to improve.

In terms of longer-term graft function, among the fac-
tors analyzed, only donor age was found to influence graft
function at 1 year. This is in keeping with inferior long-term
results being observed for Expanded Criteria Donor-DCD
(ECD-DCD) kidneys by our institution and other programs.®?

Based on our comparison of the early versus the recent
periods in our program, we have identified areas that we
have improved upon. Improvements in the time to insert the
aortic cannula and flush of even a few minutes may affect
early function. We have found that clearly defining very
specific roles of everyone in the operating room (often from
more than one transplant team) and having a “surgeon’s
toolbox” to reduce time spent asking for instruments in those
first crucial minutes likely contributed to a time savings.

Our study was limited by its retrospective nature. Given
that 2 or 3 years may pass between the original medical
assessment and the transplant suggests that some of the
preoperative data may not actually reflect the state of the
patient’s kidney function at the time of the transplant. As
well, measuring outcomes based on the basis of DGF rates
has its limitations. In some cases, the indications for dialysis
were somewhat vague (i.e., uremia).

Conclusion

DCD donors represent 63 transplants that may never have
occurred prior to the implementation of our DCD program.
This represents a 25% increase in the total number of kid-
neys available for transplant over the last 5 years at our

centre. Despite early DGF, our results justify the continued
transplantation of kidneys from DCD donors, given the very
good long-term function.
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