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Effect of donor nephrectomy time during circulatory-dead
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Background: When the blood supply ceases in a deceased organ donor, ischaemic injury starts. Kidneys
are cooled to reduce cellular metabolism and minimize ischaemic injury. This cooling is slow and kidneys
are lukewarm during nephrectomy. Smaller single-centre studies have shown that prolonged donor
nephrectomy time decreases early kidney transplant function, but the effect on long-term outcome has
never been investigated in large multicentre cohort studies.
Methods: The relationship between donor nephrectomy time and death-censored graft survival was
evaluated in recipients of single adult-to-adult, first-time deceased-donor kidneys transplanted in the
Eurotransplant region between 2004 and 2013.
Results: A total of 13 914 recipients were included. Median donor nephrectomy time was 51 (i.q.r. 39–65)
min. Kidneys donated after circulatory death had longer nephrectomy times than those from brain-dead
donors: median 57 (43–78) versus 50 (39–64) min respectively (P <0⋅001). Donor nephrectomy time was
independently associated with graft loss when kidneys were donated after circulatory death: adjusted
hazard ratio (HR) 1⋅05 (95 per cent c.i. 1⋅01 to 1⋅09) per 10-min increase (P = 0⋅026). The magnitude of
this effect was comparable to the effect of each hour of additional cold ischaemia: HR 1⋅04 (1⋅01 to 1⋅07)
per h (P = 0⋅004). For kidneys donated after brain death, there was no effect of nephrectomy time on graft
survival: adjusted HR 1⋅01 (0⋅98 to 1⋅04) per 10 min (P =0⋅464).
Conclusion: Prolonged donor nephrectomy time impairs graft outcome in kidneys donated after cir-
culatory death. Keeping this short, together with efficient cooling during nephrectomy, might improve
outcome.
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Introduction

Kidney transplantation is the treatment of choice for
patients with end-stage renal disease, improving sur-
vival and quality of life1,2. Despite all efforts in recent
decades, long-term outcome has not improved3. One
factor with a negative influence on transplant outcome is
ischaemia–reperfusion injury of the graft, an inevitable
problem during organ transplantation4.

Cold storage, currently the standard for graft preser-
vation, aims to minimize ischaemic injury by storing
the kidney at around 4∘C. Metabolism decreases with

decreasing temperature, reducing the effect of ischaemia.
Cooling the kidney in the donor is accomplished by a
combination of intravascular and topical cooling. Intravas-
cular cooling consists of flushing the kidney with an
ice-cold preservation solution through the aorta after
aortic cross-clamp. Topical cooling means that the organs
are covered with ice slush. Despite these manoeuvres,
the kidney cools slowly and its temperature might not
reach 0–4∘C inside the donor body5. Until the kidney
has cooled down, best achieved by storage on ice, it
will continue to experience higher metabolic rates. The
time it takes to remove the kidney from the donor body,
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called the extraction time or donor nephrectomy time,
might be harmful, and might influence outcome after
transplantation.

Previously Osband and Zaki6 described an increased risk
of early graft failure (defined as all-cause graft failure in
the first 3 months after transplantation) in 316 transplants
according to donor nephrectomy time divided into 30-min
intervals (0–29, 30–60 and over 60 min)6. In a follow-up
study7 of 576 transplants, donor nephrectomy time above
60 min increased the risk of early graft failure, although
this did not reach significance when adjusted for other
variables. The study, however, was small, and might have
been underpowered to detect significant differences.

Whether or not donor nephrectomy time impairs
long-term graft outcome has not been investigated. This
study aimed to evaluate the effect of donor nephrec-
tomy time during organ retrieval on graft outcome in a
large multicentre cohort using the follow-up registry of
Eurotransplant.

Methods

Eurotransplant8 is an international non-profit organization
that manages patient-oriented allocation and cross-border
exchange of deceased-donor organs to achieve the best pos-
sible match between available donor organs and patients
on the transplant waiting list in eight countries: Austria,
Belgium, Croatia, Germany, Hungary, Luxembourg, the
Netherlands and Slovenia. The Eurotransplant follow-up
registry records data for all kidney transplants performed
in 72 kidney transplant centres in its region. Data are col-
lected on a voluntary basis in order to develop best prac-
tice recommendations and policies in the Eurotransplant
Kidney Advisory Committee (ETKAC) to improve organ
allocation and transplant outcomes. The study proposal
was approved by the ETKAC and local institutional review
boards. Data submitted to this registry for all adult recipi-
ents of first solitary kidney transplants from adult deceased
donors undertaken between 1 January 2004 and 31 Decem-
ber 2013 were analysed. Donor nephrectomy time was
defined as the interval between the start of aortic cold flush
in the donor and the end of nephrectomy when the kid-
ney was placed on ice on the back table. Cold ischaemia
time was defined as the interval between the start of aor-
tic cold flush in the donor until the kidney left the ice to be
implanted in the recipient. Donor asystolic warm ischaemia
time in circulatory-dead donation was defined as the inter-
val between circulatory arrest and the start of cold flush
in the donor. Time to graft failure was taken as the inter-
val from transplantation to graft nephrectomy or return to
dialysis, whichever came first, and censored for death of a

patient with a functioning graft. These data are collected
prospectively in the Eurotransplant follow-up registry.

Expanded criteria donation was defined as donation of
any kidney procured from a brain-dead donor aged at
least 60 years or any brain-dead donor aged 50–59 years
with two of the following: stroke as the cause of death,

Table 1 Baseline characteristics

No. of
people*

Donors

Age (years)† 56 (46–66)

Sex ratio (M : F) 7242 : 6672

Donor type

DBD 12 855 (92⋅4)

DCD 1059 (7⋅6)

History of diabetes‡
No 5719 (83⋅4)

Yes 1135 (16⋅6)

History of hypertension‡
No 3886 (43⋅3)

Yes 5094 (56⋅7)

DBD donor criteria‡
Standard 5326 (44⋅4)

Expanded 6672 (55⋅6)

Last creatinine (mg/dl)†§ 0⋅86 (0⋅66–1⋅13)

Donor weight (kg)†¶ 78 (70–85)

Thoracoabdominal donation

Abdominal donation only 8596 (61⋅8)

Thoracic and abdominal donation 5318 (38⋅2)

Multiple abdominal organ donation

Kidney only 20 (0⋅1)

Liver/pancreas also 13 894 (99⋅9)

No. of kidneys procured

1 155 (1⋅1)

2 13 759 (98⋅9)

Recipients

Age (years)† 58 (47–65)

Sex ratio (M : F) 8839 : 5075

No. of HLA mismatches†# 3 (2–4)

Process

Donor nephrectomy time (min)† 51 (39–65)

Cold ischaemia time (h)†** 13⋅4 (10⋅0–17⋅1)

Anastomosis time (min)†,†† 36 (29–45)

Preservation fluid‡
HTK 9702 (70⋅3)

UW 3921 (28⋅4)

Other 186 (1⋅3)

*With percentages in parentheses unless indicated otherwise; †values are
median (i.q.r.). ‡Data missing for this variable; §five, ¶three, #139, **2243
and ††3364 missing values. DBD, donation after brain death; DCD, dona-
tion after circulatory death; HTK, histidine–tryptophan–ketoglutarate;
UW, University of Wisconsin solution.
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medical history of hypertension, and terminal creatinine
exceeding 1⋅5 mg/dl (133 μmol/l); this was in contrast to
standard-criteria donation after brain death9.

Statistical analysis

Follow-up analysis of the study population included all
data submitted to Eurotransplant by 5 November 2015.
Recipients of double, or en bloc kidney transplants were
excluded. Only recipients for whom complete data on both
donor nephrectomy time and graft survival were available
were included in the study. This study focused specifically
on transplantations from adult donors to adult recipients
(aged at least 18 years), receiving their first transplant.

Donor nephrectomy times for transplants with different
characteristics were compared using Wilcoxon tests. Asso-
ciations between donor nephrectomy time and continuous
data were assessed with Spearman correlation.

Kidney transplant outcome was graft failure (death-
censored graft survival). Unadjusted and adjusted Cox pro-
portional hazards regression analyses were used to evaluate
the effect of donor nephrectomy time on transplant
outcome. Transplant variables for inclusion in the mul-
tivariable models were factors shown to affect transplant
outcome in this cohort based on the results of a previous
study10. In addition, factors that could confound the associ-
ation between donor nephrectomy time and outcome were
considered. As this study focused on first kidney transplants

only, retransplantation was not a co-factor in the analyses.
The adjusted analyses included only transplants for which
complete data on all co-variables were available. Although
this reduced the final number of transplants analysed, no
imputation of missing values was done and only the orig-
inal data were analysed. Transplant centre was included
in the multivariable model as a random effect. There was
no violation of non-proportionality of hazards of donor
nephrectomy time in the multivariable model. Interaction
analyses were undertaken to determine whether the effect
of donor nephrectomy time was modified by donor age
and cold ischaemia time (as donor nephrectomy time is an
integral part of cold ischaemia time).

All tests were two sided and P < 0⋅050 was considered
significant. R version 3.1.3 (running in RStudio, Boston,
Massachusetts, USA) was used for all statistical analyses.
Hazard ratio (HR) plots were designed using the simPH
package in RStudio11. No random effect was included in
the model used to design the HR plots as this did not
significantly change the HRs and the simPH package does
not support random effects.

Results

A total of 32 040 deceased-donor kidney transplants were
performed in the Eurotransplant region between 1 January
2004 and 31 December 2013. Some 4680 retransplants, 265

Fig. 1 Histogram of donor nephrectomy time for brain-death and circulatory-death donation
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double or en bloc transplants, 888 transplants in recipients
aged below 18 years at the time of transplantation, as well
as 695 transplants from donors aged below 18 years were
excluded. In addition, 11 019 transplants were excluded for
which no outcome data were available, and 579 for which
donor nephrectomy times were missing or reported to be
0 min or over 180 min. The final cohort comprised 13 914
adult recipients of first solitary kidney transplants from
adult deceased donors.

Median follow-up after transplantation was 2⋅39 (i.q.r.
1⋅00–4⋅73) years. Table 1 shows characteristics of the
donors and recipients at the time of transplantation.
Median donor nephrectomy time was 51 (i.q.r. 39–65) min
(Fig. 1).

Determinants of donor nephrectomy time

First, the donor and retrieval characteristics that determine
the donor nephrectomy time were explored (Table 2). As
expected, donor nephrectomy time was longer when both
kidneys were procured, and when other abdominal organs
or thoracic organs were also procured. In addition, donor
nephrectomy time was longer after circulatory death com-
pared with that after brain death: median 57 (i.q.r. 43–78)
versus 50 (39–64) min respectively (P < 0⋅001). Donor
nephrectomy time was longer in younger donors, and
in donors without diabetes or hypertension, presumably
because these fitter donors were more frequently selected
as multiple organ donors. There was a very weak but statis-
tically significant positive correlation with cold ischaemia
time (rS = 0⋅03, P = 0⋅003), explained by the fact that donor
nephrectomy time is an integral part of cold ischaemia
time. Donor weight also correlated positively with donor
nephrectomy time (rS = 0⋅04, P < 0⋅001). Donor nephrec-
tomy time was shorter for right compared with left kidneys,
reflecting their earlier extraction: median 49 (38–63) versus
53 (41–67) min (P < 0⋅001).

Donor nephrectomy time and graft survival
in whole cohort

In the unadjusted analysis, donor nephrectomy time did
not influence graft survival for all kidneys from deceased
donors: unadjusted hazard ratio 0⋅98 (95 per cent c.i. 0⋅98
to 1⋅01) for every 10-min increase in donor nephrectomy
time (P = 0⋅289). However, as described above, donor
nephrectomy time depended heavily on donor character-
istics, and was longer in younger donors, confounding the
unadjusted survival analysis. Therefore, a Cox regression
model was adjusted for all variables known to influence
graft survival independently based on a previous study10

Table 2 Variables associated with donor nephrectomy time in
unadjusted comparisons

Donor
nephrectomy

time (min)* rS P†

Thoracoabdominal donation < 0⋅001

Abdominal donation only 47 (37–60)

Thoracic and abdominal donation 57 (45–72)

Multiple abdominal organ donation < 0⋅001

Kidney only 36 (28–41)

Liver/pancreas also 51 (39–65)

No. of kidneys procured < 0⋅001

1 44 (34–58)

2 51 (39–65)

Donor history of diabetes < 0⋅001

No 52 (40–68)

Yes 49 (38–62)

Donor history of hypertension < 0⋅001

No 53 (40–70)

Yes 49 (38–63)

Donor type < 0⋅001

DCD 57 (43–78)

DBD 50 (39–64)

DBD donor criteria < 0⋅001

Standard 54 (41–70)

Expanded 48 (38–60)

Age (years) –0⋅18 < 0⋅001‡
Cold ischaemia time (min) 0⋅03 0⋅003‡
Donor weight (kg) 0⋅04 < 0⋅001‡

*Values are median (i.q.r.). DBD, donation after brain death; DCD,
donation after circulatory death. †Wilcoxon test, except ‡Spearman’s cor-
relation.

of the same Eurotransplant registry (donor age, donor
diabetes, donor hypertension, donor last serum creatinine
measurement, type of donation, recipient age, number of
HLA mismatches, cold ischaemia time and anastomosis
time as fixed effects, and transplant centre as a random
effect), and other potential confounding factors such as
thoracoabdominal donation, multiple abdominal organ
donation, dual versus single kidney donation and donor
weight. As only first renal transplants were included,
no adjustment for retransplantation was needed. After
adjustment for these factors, donor nephrectomy time was
associated with graft failure, although this did not reach sta-
tistical significance: adjusted HR 1⋅02 (95 per cent c.i. 1⋅00
to 1⋅05) for every 10-min increase in donor nephrectomy
time (P = 0⋅062) (Fig. 2a; Table S1, supporting information).

As right kidneys are often extracted first, explaining their
shorter donor nephrectomy times, graft survival of right
and left kidneys was compared. There was no difference in
graft survival between right and left kidneys, either in the
unadjusted (P = 0⋅749) or adjusted (P = 0⋅491) analysis.
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Fig. 2 Adjusted hazard ratio for graft failure (death censored) in relation to donor nephrectomy time
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a All kidneys, b donation after circulatory death (DCD) kidneys and c donation after brain death (DBD) kidneys. The dashes along the x-axis show the
distribution of donor nephrectomy time. Dotted line indicates a hazard ratio of 1⋅00.

Effect of donor nephrectomy time on graft survival
in different types of donation

The effect of donor nephrectomy time on outcome in
recipients of kidneys from circulatory-dead and brain-dead
donors was evaluated separately. Similar to the observa-
tion in the complete cohort, donor nephrectomy time
was not associated with kidney transplant survival in the
unadjusted analyses for the kidneys donated after circula-
tory death: HR 1⋅02 (95 per cent c.i. 0⋅98 to 1⋅05) for every
10-min increase in donor nephrectomy time (P = 0⋅310).
On the contrary, faster extraction of poorer quality kidneys
seemed to evoke an inverse association in the unadjusted
analysis of kidneys from brain-dead donors: HR 0⋅98 (0⋅97

to 1⋅00) for every 10-min increase in donor nephrectomy
time (P = 0⋅048). Given the confounding present in the
unadjusted analyses, Kaplan–Meier curves are not inter-
pretable, and therefore not shown.

For adjusted survival analyses, the Cox regression model
used in the total cohort was applied to each donor type sep-
arately. In circulatory-dead donor transplants, prolonged
donor nephrectomy time significantly increased the risk of
graft loss: adjusted HR 1⋅05 (1⋅01 to 1⋅09) for every 10-min
increase (P = 0⋅026) (Fig. 2b and Table 3). In brain-dead
donor transplants, donor nephrectomy time had no effect
on graft loss: adjusted HR 1⋅01 (0⋅98 to 1⋅04) for every
10-min increase (P = 0⋅464) (Fig. 2c and Table 4). The
magnitude of the detrimental effect of each additional

© 2019 BJS Society Ltd www.bjs.co.uk BJS
Published by John Wiley & Sons Ltd



L. Heylen, J. Pirenne, U. Samuel, I. Tieken, M. Coemans, M. Naesens et al.

Table 3 Multivariable Cox proportional hazards regression
analysis for graft survival in transplants from circulatory-dead
donors

Adjusted
hazard ratio P

Donor nephrectomy time (per 10-min
increase)

1⋅05 (1⋅01, 1⋅09) 0⋅026

Anastomosis time (per 10-min increase) 1⋅17 (1⋅07, 1⋅28) <0⋅001

Cold ischaemia time (per h increase) 1⋅04 (1⋅01, 1⋅07) 0⋅004

Donor age (per year increase) 1⋅03 (1⋅02, 1⋅04) <0⋅001

Donor diabetes 1⋅72 (1⋅05, 2⋅81) 0⋅031

Donor hypertension 1⋅23 (0⋅90, 1⋅68) 0⋅196

Donor last serum creatinine measurement 1⋅12 (0⋅72, 1⋅73) 0⋅620

Donor weight 1⋅01 (1⋅00, 1⋅02) 0⋅938

Recipient age (per year increase) 0⋅98 (0⋅97, 0⋅99) 0⋅003

No. of HLA mismatches (per each
mismatch increase)

0⋅99 (0⋅88, 1⋅11) 0⋅844

Thoracoabdominal donation 0⋅77 (0⋅56, 1⋅08) 0⋅102

Multiple abdominal organ donation 0⋅18 (0⋅04, 0⋅90) 0⋅037

Dual versus single kidney donation 0⋅96 (0⋅30, 3⋅09) 0⋅938

Values in parentheses are 95 per cent confidence intervals. The analysis
included 746 transplants. Transplant centre was adjusted for as a random
effect.

Table 4 Multivariable Cox proportional hazards regression
analysis for graft survival in transplants from brain-dead
donors

Adjusted
hazard ratio P

Donor nephrectomy time (per 10-min
increase)

1⋅01 (0⋅98, 1⋅04) 0⋅464

Anastomosis time (per 10-min increase) 1⋅05 (1⋅01, 1⋅09) 0⋅018

Cold ischaemia time (per h increase) 1⋅01 (1⋅00, 1⋅02) 0⋅141

Donor age (per year increase) 1⋅02 (1⋅01, 1⋅02) <0⋅001

Donor diabetes 1⋅14 (0⋅94, 1⋅39) 0⋅197

Donor hypertension 1⋅14 (0⋅97, 1⋅33) 0⋅104

Donor last serum creatinine
measurement

1⋅11 (1⋅00, 1⋅24) 0⋅043

Donor weight 1⋅00 (0⋅99, 1⋅00) 0⋅362

Recipient age (per year increase) 0⋅98 (0⋅97, 0⋅98) <0⋅001

No. of HLA mismatches (per each
mismatch increase)

1⋅07 (1⋅03, 1⋅12) 0⋅003

Thoracoabdominal donation 0⋅90 (0⋅76, 1⋅05) 0⋅216

Multiple abdominal organ donation 1⋅61 (0⋅20, 12⋅89) 0⋅654

Dual versus single kidney donation 0⋅89 (0⋅49, 1⋅63) 0⋅711

Values in parentheses are 95 per cent confidence intervals. The analysis
included 615 transplants. Transplant centre was adjusted for as a random
effect.

10 min of donor nephrectomy time on graft loss in kidneys
from circulatory-dead donors was comparable to that of
every additional hour of cold ischaemia: adjusted HR 1⋅04
(1⋅01 to1⋅07) for every hour increase (P = 0⋅004).

When the multivariable Cox regression model in kidney
transplants from circulatory-dead donors was adjusted for

donor asystolic warm ischaemia time, donor nephrectomy
time remained associated with reduced graft survival: HR
1⋅06 (1⋅01 to 1⋅11) for every 10-min increase (P = 0⋅014).
There was no significant interaction between the two
(P = 0⋅562), but the effect of the sum of donor asystolic and
extraction ischaemia time on graft survival was more pro-
nounced than the effect of its components: HR 1⋅07 (1⋅03
to 1⋅11) for every 10-min increase (P = 0⋅001).

As donor nephrectomy time is an integral part of cold
ischaemia time, the interaction between cold ischaemia
time and donor nephrectomy time was evaluated. There
was no interaction between the two (P = 0⋅699). There
was also no interaction between donor age and donor
nephrectomy time (P = 0⋅273).

Discussion

In this study of data in the Eurotransplant follow-up reg-
istry, prolonged kidney donor nephrectomy time during
organ retrieval from circulatory-dead donors, but not from
brain-dead donors, increased the risk of graft failure after
kidney transplantation. Every additional 10 min of donor
nephrectomy time had an effect comparable to that of each
additional hour of cold ischaemia.

During organ retrieval, cold preservation fluid is flushed
through the arteries, and the abdomen is filled with slush
ice. Volume and type of preservation fluid used, as well as
duration, vary between donor centres, and there are lim-
ited studies of these different practices. Although the kid-
ney temperature will decrease as a result of the cold flush
and additional topical cooling with ice, it will not reach
temperatures comparable to those achieved with preser-
vation on ice (around 4∘C)12. At this temperature, the
metabolism slows significantly, reducing ischaemic injury.
The metabolic threshold at which oxygen demand becomes
greatly diminished is believed to be around 15∘C13,14. Dur-
ing extraction, kidney temperature is unlikely to be below
this threshold. There is surprisingly little literature on kid-
ney temperature during retrieval. In a pig model of multi-
ple organ retrieval, the rate of temperature decrease of the
right kidney varied between 0⋅6∘C per min and 1⋅3∘C per
min during the procedure5, although data from Mikhal-
ski and colleagues15 suggested that there is some rebound
of temperature after the initial cooling by cold flush.
They measured kidney temperature during retrieval and
observed an average mean(s.d.) kidney retrieval tempera-
ture of 23(4)∘C for kidneys donated after circulatory death
and 19(4)∘C for those donated after brain death, signifi-
cantly above the metabolic threshold15. At these temper-
atures, the kidney is more susceptible to ischaemic injury.
Therefore, prolonged donor nephrectomy time is likely to
harm the graft.
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Donor nephrectomy time is influenced by several aspects
of organ donation. Donor nephrectomy times in the
present study were longer when both kidneys were pro-
cured, and when other abdominal organs or thoracic
organs were procured. Osband and co-workers7 described
a linear increase with the number of organs being recov-
ered, with an average mean increase of 6 min for each
additional organ. Evidently, multiple organ donors have
fewer co-morbidities than donors in whom only the kidney
is considered suitable for transplantation, confounding any
unadjusted analysis. Donor nephrectomy time was indeed
longer for younger donors, and in donors without diabetes
or hypertension in the present study. Moreover, kidneys
from younger donors might even tolerate ischaemic injury
better16. Unsurprisingly, donor nephrectomy time did not
influence graft survival in the unadjusted analyses, which
were strongly confounded.

However, when adjusted for donor, transplant and recip-
ient characteristics, longer donor nephrectomy time did
increase the risk of graft failure in recipients of kidneys
from circulatory-dead donors, but not in recipients of kid-
neys from brain-dead donors. Donor nephrectomy time
was longer for kidneys donated after circulatory death,
which is not surprising. During organ retrieval in these
donors, the entire dissection of the abdominal compart-
ment is done after the aortic cross-clamp. A super-rapid
retrieval technique is used in which the aortic cold flush
is started within minutes after laparotomy, whereas more
preparatory dissection is done before aortic clamping
and cold flushing in the classical retrieval technique17,18.
The vulnerability to donor nephrectomy time of kidneys
from circulatory-dead donors in contrast to those from
brain-dead donors could be due to the superimposed
preceding exposure of these kidneys to normothermic
ischaemia starting at withdrawal of therapy19, a phase
known to cause significant changes at the cellular and
subcellular level20.

Donor warm ischaemia time after circulatory arrest
correlates with transplant survival in kidneys from donors
after circulatory death10. Donor asystolic time is the
sole explanation for the inferior outcome of kidneys
from circulatory-dead donors compared with those from
brain-dead donors that has been observed in the Euro-
transplant registry10. When kept short, the outcome of
kidneys donated after circulatory death is comparable to
that of kidneys from standard-criteria brain-dead donors.
In this study, there was no interaction between donor
asystolic time and donor nephrectomy time, but the effect
of the two ischaemia times together was more pronounced
than the effect of its components. The longer donor
nephrectomy time for circulatory-dead donor kidneys

could not, in itself, explain the inferior outcome of these
organs, as including this variable in the multivariable
survival analysis did not remove the significant effect of
donor type on outcome.

That extraction can influence graft outcome of kid-
neys from circulatory-dead donors, but not those from
brain-dead donors, is also in line with a previous study21,
in which the duration of anastomosis was significantly
more detrimental to graft survival in recipients of kid-
neys donated after circulatory death21. Similar observations
have been made regarding the effect of cold ischaemia time
on graft survival22. Of note, kidneys from circulatory-dead
donors were excluded from the study by Osband and Zaki6.

The finding that prolonged donor nephrectomy time
impairs outcome in donation after circulatory death is of
particular importance because it is a factor amenable to
improvement: first, by reducing the duration of nephrec-
tomy and, second, by improving the efficiency of kidney
cooling. Although the effect of the surgeon’s experience
cannot be investigated in this data set, it would be reas-
onable to assume that more experienced surgeons are likely
to perform the nephrectomy more quickly. Therefore,
the present findings support the importance of training
in retrieval surgery and the performance of a critical
number of procedures under supervision before carry-
ing out the procedure independently23. This is particu-
larly true in donation after circulatory death procedures,
where kidneys suffer more surgical injury during retrieval
than in donation after brain death24. In addition, kidneys
from circulatory-dead donors already face additional warm
ischaemia injury after circulatory arrest of the donor, which
translates into inferior early and late outcomes compared
with standard brain-dead donor transplants10,25.

More attention should also be paid to keeping the kid-
neys cold during retrieval. Aortic flush is usually stopped
after a certain volume of cold preservation solution has
been perfused, or, in other countries, after a predefined
interval. Whether cold perfusion should be continued until
the kidneys have cooled down further should be studied.
Furthermore, it is essential that donor nephrectomy is not
delayed. In multiple organ retrieval with recovery of thor-
acic organs, procurement teams could work in parallel
so that the abdominal organs do not wait until the tho-
racic organs have been recovered. In addition, the liver
and pancreas may require some additional back-table work
before they can be packed and stored. The present data
suggest that it would be prudent not to keep the kid-
neys in the donor body while waiting for this additional
back-table work to be completed before nephrectomy is
undertaken. Assistants could be available to pack the organs
simultaneously. Finally, after extraction, the kidneys should
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be transferred to the back table and ice box as quickly as
possible.

Innovative organ procurement techniques such as nor-
mothermic regional perfusion26, where the circulation of
oxygenated blood is restored in the (thoraco)abdominal
cavity, allow a less hurried procurement, where the dis-
section phase of the organs can take place before the cold
aortic flush is started. It might be that in this setting, as in
donation after brain death, donor nephrectomy times could
be shorter and outcomes improved.

The strength of the present analysis is the use of a
large cohort of transplant recipients in the Eurotransplant
region. A limitation inherent to this registry study, based
on data from many different centres and countries, is the
lack of detailed information regarding donor and recipi-
ent characteristics, and the potential for incomplete data
registration. In contrast to the USA and UK transplant
registries, outcome data submission to the Eurotransplant
follow-up registry is not mandatory, explaining the high
frequency of missing data in this registry. Although the pos-
sibility of selection bias cannot be excluded, results of pre-
vious studies10,21 from this database have been confirmed
in other large cohort studies27, and characteristics of trans-
plants included versus excluded were also comparable in
these previous studies.
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