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Background: In controlled donation after circulatory determination of death (DCD),
it is common to administer premortem heparin to potential donors. This practice
remains controversial because there is limited evidence for it and there is the possibility
of inducing hemorrhage. To our knowledge, no previous studies have assessed the
effects of heparin timing and dose on graft function.

Methods: We performed a multicentre cohort study of consecutive DCD donors and the
recipients of their organs. Anticoagulation administration was considered early if given
near the time of withdrawal of life-sustaining measures and late if delayed until the onset of
donor hypoxemia (oxygen saturation < 70%) or hypotension (systolic blood pressure
< 60 mm Hg or mean blood pressure < 50 mm Hg). The anticoagulation dose was con-
sidered high if it was 300 units/kg or greater.

Results: Donor anticoagulation data were available for 301 kidney, 75 liver and 46 lung
recipients. Heparin was administered in 92% of cases and was most commonly withheld in
donors with cerebrovascular causes of death (p = 0.01). Administration was late in 59% and
the dose was low in 27%. Among kidney recipients, there were no significant differences in
need for dialysis, glomerular filtration rate over the first year after transplantation or graft
survival on the basis of whether or not the donor received heparin, the timing of heparin
administration or the dose of heparin. Among liver recipients, alkaline phosphatase concen-
trations over the first year were significantly higher among recipients who received organs
from donors to whom lower doses of heparin had been administered.

Conclusion: Premortem heparin is widely used in DCD cases, but there is variability in
timing and dose, which was not associated with kidney outcomes in this study. Donor
anticoagulation may have a greater impact in preventing biliary complications following
liver transplantation.

Contexte : Dans les cas de don contrdlé apres un diagnostic de déces cardiorespiratoire
(DDC), 1l est courant d’administrer de 'héparine aux donneurs potentiels avant le déces.
Cette pratique demeure controversée faute de données probantes a I'appui et par son risque
de déclencher une hémorragie. A notre connaissance, il n’existe aucune étude ayant évalué les
effets de la dose d’héparine et du moment de son administration sur la fonction du greffon.

Méthodes : Une étude de cohorte multicentrique a été réalisée sur des donneurs décédés
apres un DDC et sur ceux qui ont regu leurs organes. L’administration d’anticoagulants
était considérée comme hative si elle avait lieu peu avant le retrait des mesures de maintien
de la vie et tardive si elle était repoussée a la survenue de 'hypoxémie (saturation en oxy-
geéne inférieure a 70 %) ou de 'hypotension (tension artérielle systolique inférieure a
60 mmHg ou tension artérielle moyenne inférieure a 50 mmHg) chez le donneur. La dose
d’anticoagulant était considérée comme élevée si elle était de 300 unités/kg ou plus.

Résultats : Des données sur 'administration d’anticoagulants aux donneurs étaient dis-
ponibles pour les receveurs des organes suivants : rein (301), foie (75) et poumon (46).
L’héparine a été administrée dans 92 % des cas; son administration a été refusée le plus sou-
vent aux donneurs dont le déces était d’origine cérébrovasculaire (p = 0,01). L’administration a
été tardive dans 59% des cas et la dose était faible dans 27 % des cas. Pour les receveurs de
rein, "administration d’héparine au donneur, le moment de 'administration et la dose
d’héparine n’ont entrainé aucune différence significative dans le besoin de dialyse et le débit de
filtration glomérulaire durant la premiére année apreés la transplantation. Quant aux receveurs
de foie, les concentrations de phosphatase alcaline étaient significativement plus élevées durant
la premiére année chez ceux dont le donneur avait recu des doses d’héparine plus faibles.

Conclusion : L’héparine est couramment administrée avant le déceés dans les cas de DDC,
mais la dose et le moment d’administration varient, des variations qui n’ont pas ét€ associées
aux résultats rénaux dans cette étude. L’administration d’anticoagulants chez le donneur
pourrait avoir une plus grande incidence dans la prévention des complications biliaires a la
suite d’'une transplantation de foie.
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he opportunity for organ donation is an important

I aspect of end-of-life care for some critically ill

patients and their families.! Transplantation

improves the survival of recipients, enhances their quality of

life and is cost-effective, and it is the preferred treatment for

many patients with end-stage organ failure.*® In Canada,
there are more than 4000 patients on transplant wait lists.”

Controlled donation after circulatory determination of
death (DCD) accounts for a growing proportion of the
organs from deceased donors. For kidney transplantation,
rates of delayed graft function are higher with DCD than
with donation after neurologic determination of death
(NDD), but longer-term graft survival appears to be simi-
lar.!®!" For liver transplantation, DCD is associated with a
higher rate of biliary complications, but outcomes have still
proven to be favourable when donors are carefully
selected.!>” For lung transplantation, outcomes using
DCD grafts appear to be comparable to those using NDD
grafts."¥5 There is limited experience with heart transplan-
tation, but early results appear promising.!¢!

At many centres around the world, potential DCD donors
routinely receive a large dose of intravenous heparin near the
time of withdrawal of life-sustaining measures (WLSM), with
the aim of attenuating graft thrombosis during the subse-
quent period of warm ischemic time (WTT). This practice is
usually justified using the principle of double effect, whereby
potential harm from anticoagulation is deemed acceptable
because of presumed benefit to organ recipients.'®!” Interna-
tional guidelines vary; some recommend anticoagulation as
standard care, while others are more neutral or consider it to
be ethically problematic because of potential harm to the
donor.!®* The latter concern is heightened when intracere-
bral hemorrhage, subarachnoid hemorrhage or traumatic
brain injury is the cause of death, since these are conditions
where therapeutic anticoagulation is generally contra-
indicated. Furthermore, evidence for the efficacy of premor-
tem donor anticoagulation at improving recipient graft func-
tion is limited, with favourable outcomes reported in some
regions (e.g., United Kingdom) where it is rarely used.!%?¢*
Administration of heparin before death remains a source of
discomfort for some critical care providers.**3!

Canadian guidelines acknowledge that high-quality evi-
dence for premortem anticoagulation is lacking and that
there are scenarios where clinicians may consider it to be
inappropriate.?!*? Nevertheless, observational studies dem-
onstrate that more than 90 % of potential DCD donors in
Canada receive intravenous heparin before death.’??
There is, however, no consensus regarding the optimal
timing of anticoagulation relative to WLSM and the most
appropriate dose. Earlier administration and a higher dose
could theoretically have a greater protective effect on graft
function but also result in greater risk of iatrogenic hemor-
rhage. We performed a multicentre cohort study to assess
the relationship between premortem anticoagulation prac-
tices and transplantation outcomes.
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METHODS

This was a multicentre retrospective cohort study assess-
ing all consecutive DCD donors and the recipients of
their organs in western Canada from 2008 to 2017. The
study was performed in collaboration with BC Transplant,
the Human Organ Procurement and Exchange (HOPE)
Program (Northern Alberta), the Southern Alberta Organ
and Tissue Donation Program, the Southern Alberta
Transplant Program, the Saskatchewan Transplant
Program and Transplant Manitoba. Research ethics
boards individually approved the study in each of the
provinces (REB 17-1095 at University of Calgary).

Consecutive DCD organ donors and transplant recipi-
ents were identified from the databases of each organ
donation agency and transplant program, respectively.
Potential donors were included if they underwent WLSM
with the possibility of organ donation following death.
From each donor record, we determined whether or not
heparin was administered, as well as the dose and timing of
administration in relation to WLSM, the onset of physio-
logic instability following WLSM (hypoxemia defined as
sustained arterial oxygen saturation < 70 % and hypo-
tension defined as sustained systolic blood pressure
< 60 mm Hg or mean arterial pressure < 50 mm Hg) and
death. We excluded donors for whom no information
about heparin use was available.

Heparin administration was categorized as early if it
occurred near the time of WLSM (before, concomitant
with or shortly after WLSM; but before onset of hypox-
emia or hypotension) and late if it occurred after the onset
of significant hypoxemia or hypotension. Heparin dose was
considered high if the donor received 300 units/kg or
more, and it was considered low if the donor received less
than 300 units/kg. This threshold was chosen because it is
a standard dose used during cardiopulmonary bypass,
which is sometimes cited as the rationale for similar dosing
in DCD, even though it greatly exceeds the usual dose for
therapeutic anticoagulation in other circumstances.’* We
also assessed heparin timing and dose as continuous vari-
ables. Additional donor data included variables required to
calculate the kidney and liver donor risk indices (KDRI
and LDRI, respectively), both of which are measures of
graft quality. 3>

Recipient data were extracted from electronic and
paper-based medical records. Our primary analysis focused
on kidney transplantation: outcomes of interest included
recipient dialysis within the first week; estimated glomeru-
lar filtration rate (eGFR) at 1, 3, 6 and 12 months; and
graft survival over time.’’ In a secondary exploratory analy-
sis, recognizing that the sample size would be smaller, we
also assessed graft function in DCD liver and lung recipi-
ents. Outcomes in liver recipients included alkaline phos-
phatase and bilirubin concentrations (as surrogate meas-
ures for cholangiopathy) at 1 week and 3, 6 and 12 months;
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radiographic or biopsy evidence of cholangiopathy; and
graft survival over time. Available outcomes in lung recipi-
ents included graft survival and intensive care unit (ICU)
length of stay.

Statistical analysis

Categorical variables were quantified as proportions, and
comparisons were performed using %’ analysis or the Fisher
exact test, as appropriate. Continuous variables were
expressed as medians with interquartile ranges (IQRs) and
compared using the Kruskall-Wallis test. Associations with
quantitative variables (¢GFR and liver chemistry) over the
initial year following transplantation were assessed using
mixed-effects models. Because eGFR, alkaline phosphatase
concentrations and bilirubin concentrations are not neces-
sarily linear over the weeks to months following transplanta-
tion, a quadratic term was added to models.

Multivariate analysis assessing associations between
donor heparin timing or dose and recipient eGFR adjusted
for KDRI, time from donor cardiac arrest to organ perfu-
sion or functional warm ischemic time (time from onset of
donor hypoxemia [arterial oxygen saturation < 70%] or
hypotension [systolic pressure < 60 mm Hg or mean arter-
ial pressure < 50 mm Hg] to organ perfusion) (separate
models were created for each), cold ischemic time, use of
ex vivo perfusion, and recipient age and sex. These vari-

ables were chosen a priori on the basis of known associa-
tions with graft function.”>*¢**#! Because of smaller sample
size, multivariate models assessing recipient alkaline phos-
phatase and bilirubin concentrations adjusted only for
LDRI and time from donor cardiac arrest to organ perfu-
sion. Kaplan-Meier curves were used to assess graft sur-
vival stratified by heparin usage patterns and were com-
pared using log rank tests. Analyses were performed with
SAS version 9.4 (SAS Institute) and graphs were created
using GraphPad Prism version 8. We considered p values
less than 0.05 to be statistically significant.

REsuLTS

Anticoagulation practices in potential kidney
donors

There were 227 patients who underwent WLSM with the
possibility of subsequent DCD kidney donation, of whom
177 (78%) died within 2 hours and 173 donated at least
1 kidney (Figure 1). Heparin was administered in 160
(92%) cases. It was more likely to be withheld from
potential donors with a cerebrovascular cause of death,
including 29% of those with subarachnoid hemorrhage
and 21% with intracerebral hemorrhage, compared with
only 6% of those with hypoxic—ischemic brain injury and
none with traumatic brain injury (p = 0.01) (Table 1).

WLSM with possible kidney donation
n=227

Died within 2 h
n=177

Kidney donation
n=173

No heparin
ENK]

Heparin
n=160

No donation
n=4
(heparin administered to 3)

Did not die within 2 h

n=50

No heparin
n=27

Heparin
n=23

Heparin timing

n= 160

No data
n=8

Delayed
n=382

Heparin dose
n=160

No data
n=4

< 300 units/kg
n=45

> 300 units’kg
n=111

Fig. 1. Anticoagulation practices in potential kidney donors with circulatory determination of death. WLSM = withdrawal of life-

sustaining measures.
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Table 1. Comparisons of kidney donor characteristics based on premortem anticoagulation practices

Heparin use Heparin timing* Heparin doset
n=173 n=1562 n=156
Yes No Early Delay High Low
Variable n=160 n=13 pvalue n=70 n=282 p value n=11 n=45 p value
Age, median 48 49 0.62 47 47 0.57 49 40 0.08
(IQR) (32-56) (47-52) (34-57) (32-56) (34-57) (29-55)
Sex, male, no. (%) of 112 (70) 7 (54) 0.23 52 (74) 52 (66) 0.26 8(73) 29 (64) 0.29
patients
Cause of death, no. 0.01 0.11 0.42
(%) of patients
HIBI 75 (47) 5 (38) 35 (50) 37 (45) 55 (48) 22 (49)
TBI 38 (24) 0 16 (23) 19 (23) 27 (24) 9 (20)
CVA 28 (18) 7 (54) 8(11) 20 (24) 17 (1) 11 (24)
Other 19(12) 1(8) 11(16) 6 (23) 14 (13) 9(20)
WLSM to death, min, 21 19 0.70 20 21 0.50 20 22 0.38
median (IQR) (17-29) (15-40) (17-28) (17-31) (16-29) (18-28)
FWIT, min, 26 31 0.55 27 24 0.15 25 29 0.06
median (IQR) (19-35) (21-49) (22-36) (18-31) (18-33) (23-36)
Cardiac arrest to 14 15 0.41 13 14 0.90 13 15 < 0.001
perfusion, min, (12-17) (13-16) (12-17) (12-17) (12-16) (14-20)
median (IQR)
Heparin administration 14 NA NA 23 10 <0.001 13 15 0.15
to death, min, (9-23) (17-29) (7-14) (8.5-22.5) (10-26)
median (IQR)
KDRI, median (IQR) 1.03 1.18 0.25 1.03 1.03 0.94 1.06 0.93 0.12
(0.81-1.27) (0.92-1.32) (0.82-1.26) (0.80-1.33) (0.83-1.33) (0.80-1.20)
CVA = cerebrovascular accident (subarachnoid hemorrhage, intracerebral hemorrhage or ischemic stroke); FWIT = functional warm ischemic time; HIBI = hypoxic-ischemic brain injury;
KDRI = kidney donor risk index; IQR = interquartile range; TBI = traumatic brain injury; WLSM = withdrawal of life-sustaining measures.
“Heparin administration was considered early if it was before or concomitantly with WLSM, and it was considered delayed if it was administered after the onset of hypoxemia (oxygen
saturation < 70%) or hypotension (systolic pressure < 60 mm Hg or mean arterial pressure < 50 mm Hg).
tHeparin dose was considered high if > 300 units/kg and low if < 300 units/kg.

Data on timing of heparin administration were available
for 152 of the 160 (95%) kidney donors in whom it was
used. Heparin was given before, or at the same time as,
WLSM in 70 of these 152 donors (46%), but it was
delayed until the onset of either sustained hypoxemia or
hypotension in 82 (54%) (Figure 1). In the former group,
heparin was administered at a median of 0 (IQR 0-1) min-
utes after WLSM. In the latter patients, heparin was
administered at a median of 9 (IQR 5-16) minutes after
WLSM, but it was sometimes delayed by more than
60 minutes, if this was how long it took for physiologic
instability to develop. Information about dosing was avail-
able for 156 of 160 (98%) patients; among these
156 patients, it was 300 units/kg or greater in 111 (71%)
and less than 300 units/kg in 45 29%) (Figure 1).

Kidney graft function in recipients

Data were available for 301 DCD kidney transplant recipi-
ents. There was no significant differences in the proportion
of recipients who received dialysis during the first week fol-
lowing transplantation based on heparin timing (59% with
early v. 56% with late, p = 0.67) or dose (54% with higher
v. 65 % with lower dose, p = 0.10) or whether the donor had
received any heparin (56% with heparin v. 45% without,

p = 0.34). Similarly, when heparin timing and dose were
assessed as continuous variables, they were not predictive of
the need for early dialysis.

Figure 2 shows mean recipient eGFR over the first year
after transplantation stratified by anticoagulation practices.
There were no differences in ¢GFR based on heparin timing
or dose. When heparin timing and dose were assessed as
continuous variables, they were also not predictive of recipi-
ent eGFR (p = 0.59 and p = 0.16, respectively). Estimated
GFR improved more rapidly over time following transplan-
tation when heparin was given (p = 0.05), but there was no
statistically significant difference in multivariable modelling
(p = 0.83) or at any individual time point after transplanta-
tion. There was also no stastically significant difference in
multivariate modelling for heparin timing (p = 0.85) or for
heparin dose (p = 0.74). Figure 3 shows death-censored kid-
ney graft survival stratified by heparin administration prac-
tices, again with no clear differences between groups. No
patients were lost to follow-up within the first year.

Liver and lung transplant outcomes
Donor heparin was administered to 66 of the 75 (88%) liver
recipients. Of the 9 recipients who received an organ for

which donor heparin had been withheld, none experienced

Can J Surg/J can chir 2022;65(4)  E477
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Fig. 2. Mean estimated GFR (with standard deviations) over the
first year following kidney transplantation after circulatory deter-
mination of death, stratified according to (A) whether or not
heparin was administered in the organ donor, (B) the timing of
heparin administration, and (C) the heparin dose. GFR data were
available for 292, 285, 277 and 274 patients at 1, 3, 6 and
12 months, respectively. GFR = glomerular filtration rate.
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graft loss during the first 3 years after transplantation and
1 was diagnosed with ischemic cholangiopathy. Alkaline
phosphatase and bilirubin concentrations over the first year
after transplantation (measured at 1 and 4 wk and 3, 6 and
12 mo) did not differ significantly at any time point among
patients who received organs for which donor heparin had
been given versus those who received organs for which it
had been withheld.

When heparin was administered in a delayed fashion,
liver recipients had significantly higher mean alkaline
phosphatase concentrations at 1 month (p = 0.004) and
higher bilirubin concentrations at 6 months (Figure 4).
Mixed effects models comparing earlier versus later
heparin administration did not, however, show any sta-
tistically significant difference. Similarly, when time
from WLSM to administration of heparin was modelled
as a continuous variable, it was not predictive of recipi-
ent liver enzyme or bilirubin concentrations over the
ensuing year.

Compared with higher dose heparin (= 300 units/kg),
lower dose heparin was associated with higher alkaline
phosphatase concentration at 3 months (p = 0.02) and
6 months (p = 0.04). This analysis was confounded by the
observation that donors receiving lower dose heparin had
longer time intervals from cardiac arrest to organ perfu-
sion. Nevertheless, in both univariate (p = 0.04) and
multivariate (p < 0.001) models, alkaline phosphatase con-
centrations were significantly higher over the first year
after transplantation when lower dose heparin was used
(Figure 4). This relationship persisted when heparin dose
was considered as a continuous rather than dichotomous
variable (p < 0.001 in multivariate analysis). When donor
heparin dose was considered in tertiles, patients in the
lowest dose group (heparin dose < 355 units/kg) had sig-
nificantly higher alkaline phosphatase concentrations (p =
0.02), but there was no significant difference between the
highest tertile (> 405 units/kg) and intermediate tertile
(355-405 units/kg) groups (p = 0.43).

Radiographic or biopsy evidence of ischemic cholan-
giopathy was documented in 12 liver recipients (16%).
This did not differ on the basis of the use of heparin
(11% with heparin v. 15% without, p = 0.75), timing of
administration (5% with early v. 17% with late, p =
0.19), or dose (14% with high dose v. 15% with low
dose, p = 0.88). Similarly, the rate of cholangiopathy was
not significantly influenced by heparin timing or dose
when analyzed as continuous variables (median time
from WLSM to heparin administration 5 [IQR 3-8] min
with cholangiopathy v. 5 [IQR 0-10] min without, p =
0.91; median dose 364 [IQR 322-400] units/kg with
cholangiopathy v. 378 (IQR 321-429) units/kg without,
p=0.44).

Only 3 of 46 patients received lung transplants from
donors in whom heparin had been withheld; none died or
experienced graft loss. Recipient ICU length of stay was



RESEARCH

—1 Heparin

—1— No heparin

v _H“%MJJMML1“‘ﬁA4
L 1
3 90 . . .
©
2
<
3 80 _
&
o
o
p=066
70
T T T T T
0 200 400 600 800 1000
Time (d)

100
,\3 90 |
=
©
2
2
3 80
&
o
O

p=0.40
70 T T T T T
0 200 400 600 800 1000
Time (d)

§ 90 |
©
2
g
o 80 _|
&
S
Q
p=035
70 T T T T T
0 200 400 600 800 1000
Time (d)

0 200 | 400 | 600 800 1000
Heparin 269 | 213 158 | 127 114 98
No heparin 22 20 16 15 12 12
—L—  Heparin at withdrawal of life-sustaining measures
—L— Heparin at onset of hypoxemia or hypotension
0 200 | 400 | 600 | 800 | 1000
Earlier 112 89 54 43 38 31
Later 151 113 94 75 68 59
—L—  Heparin dose > 300 units/kg
—L—  Heparin dose < 300 units/kg
0 200 400 | 600 | 800 | 1000
High dose 194 | 162 | 110 86 77 67
Low dose 79 50 44 38 33 29

Fig. 3. Death-censored kidney graft survival curves stratified according to (A) whether or not heparin was administered in the organ
donor, (B) the timing of heparin administration, and (C) the heparin dose. Corresponding tables show the number of patients at risk

based on the number of days posttransplant.
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Fig. 4. Mean alkaline phosphatase (with standard deviations) over the first year following liver transplantation after DCD stratified
according to (A) the timing of administration and (B) dose of heparin, and mean bilirubin concentrations (with standard deviations)
over the first year following liver transplantation after DCD stratified according to (C) the timing of administration and (D) dose of
heparin. Data were available for 71, 69, 67, 65 and 60 patients at 1 week, 1 month, 3 months, 6 months and 12 months, respectively.
*p < 0.05 for comparison at that particular time point. DCD = circulatory determination of death.

similar regardless of the timing (5 [IQR 3-11] d with early
v. 5.5 [IQR 2.5-10.5] d with late administration, p = 0.50)
or dose (4 [IQR 3-8] d with high v. 7.5 [3.5-11] d with low
dose, p = 0.44) of heparin administration.

Given the moderate sample size and small number of
events, survival analysis for liver and lung transplantation is
not presented in the main text, but it is available in
Appendix 1 and Appendix 2 (available at www.canjsurg.ca/
lookup/doi/10.1503/¢js.023120/tab-related-content). There
were no statistically significant differences on the basis of
anticoagulation practices.
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Discussion

We observed significant variability in the use of pre-
mortem anticoagulation among potential DCD donors
in western Canada. Heparin was given before death in
more than 90% of potential donors. Although outcomes
were generally favourable in recipients where donor hep-
arin had been withheld, our analysis did not focus pri-
marily on comparisons of graft outcome with or without
donor anticoagulation. Rather, there was significant vari-
ability in timing and dose of heparin administration, the



impact of which has not previously been reported, to our
knowledge.

Complete avoidance of anticoagulation was more likely
among potential donors with intracerebral hemorrhage or
subarachnoid hemorrhage, and it was uncommon with
other causes of death. This demonstrates that critical care
physicians have concerns about anticoagulation causing
harm in some potential DCD donors. Iatrogenic hemor-
rhage has not been reported in the literature, and it was
not systematically sought in our database. However, if
expansion or recurrence of intracranial hemorrhage were
to theoretically occur in a potential donor, it is unlikely
that it would be detected because computed tomographic
scans are never repeated under these circumstances.

When heparin was given, it was commonly infused at
some point after WLSM but before circulatory arrest. The
rationale for this approach is that delaying anticoagulation
until the potential donor is close to death minimizes the
chance that it will induce or perpetuate substantial hemor-
rhage, while theoretically still allowing the drug to circu-
late to organs that will be recovered and transplanted. If
potential donors do not develop physiologic instability
within 1-2 hours following WLSM, anticoagulation (and
any resultant potential for iatrogenic hemorrhage) can
often be avoided altogether. We did not observe any sig-
nificant differences in kidney transplant outcomes on the
basis of the timing of donor heparin administration. Thus,
delaying administration may be a helpful compromise in
situations where transplant clinicians prefer that donors
receive premortem anticoagulation, but critical care practi-
tioners have reservations about doing so.

There is no consensus about the optimal dose of hepa-
rin in DCD.'** A typical loading dose when heparin is
used for the treatment of thrombosis is 80 units/kg or less.
A dose of approximately 300 units/kg is routinely used for
cardiac surgery’* and is also the most common dose to be
used for DCD, although some centres report using as
much as 1000 units/kg.¥ The theoretical rationale for such
a high dose of heparin is to ensure that there is sufficient
anticoagulation in graft microvasculature. In our cohort,
the dose of heparin ranged from as low as 74 units/kg to as
high as 667 units/kg. We did not detect any statistically
significant differences in kidney transplant outcomes on
the basis of the dose of heparin.

There are 2 previous human studies in the literature
assessing the impact of premortem heparin administration
on kidney transplant outcomes. Kamal and colleagues
reported a single-centre comparison of 23 kidney trans-
plants performed with heparin and 29 performed without
and did not find any significant differences in delayed graft
function, graft survival and creatinine clearance.” Narvaez
and colleagues assessed the Scientific Registry of
Transplant Recipients (SRTR) and found that fewer than
5% of kidney transplants in the United States are currently
performed in the absence of heparin, a figure that has
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declined markedly over the past 15-20 years from as high
as 47% in 2003. There was, again, no significant difference
in any relevant outcome on the basis of whether or not
heparin was used.* This lack of benefit from premortem
anticoagulation in kidney transplantation is consistent with
the observation of favourable outcomes reported in regions
where anticoagulation is uncommon.!?

Biliary complications from ischemic cholangiopathy are
a particularly important source of morbidity in some recip-
ients of DCD livers, such that donor anticoagulation may
have a stronger rationale in liver transplantation.’>** Qur
assessment of liver transplant outcomes was limited by the
relatively small sample size. Nevertheless, our multivariate
analysis demonstrated significantly higher concentrations
of alkaline phosphatase when the dose of heparin was less
than 300 unit/kg. This observation may suggest that inade-
quate donor anticoagulation predisposes liver recipients to
ischemic cholangiopathy. This conclusion should be
viewed as preliminary, because there was no clear detri-
mental effect in the 9 recipients who received transplants
from donors from whom heparin was withheld altogether.
Furthermore, although we did adjust for it in the muld-
variable analysis, donors treated with lower dose heparin
tended to have longer time intervals from cardiac arrest to
organ perfusion. The probable reason for this difference is
that centres that used lower dose heparin also required
electrical asystole (rather than only 5 min of absent pulse
pressure) before the declaration of death. Although our
data suggest a possible benefit from using at least
300 units/kg of heparin, we did not find any trend favour-
ing even higher doses.

Narvaez and colleagues used the SRTR to assess DCD
liver transplantation outcomes with or without heparin.
Liver donors who did not receive heparin were, on aver-
age, older and (as in our study) more likely to have died
of a cerebrovascular accident. In multivariate models,
liver transplantation performed in the absence of donor
heparin was associated with a higher rate of primary graft
nonfunction and worse graft survival.* However, with-
holding of heparin was far more common in an earlier era
(2003-2007), during which graft survival rates were sub-
stantially worse, such that the apparent advantage of giv-
ing heparin may have been in large part due to increasing
experience with DCD transplantation over time. Accord-
ingly, 1-year liver graft survival when transplantation was
performed in the absence of heparin was only 73%,
which is markedly lower than contemporary results from
the United Kingdom, where heparin is rarely used and
the 1-year liver graft survival rate between 2001 and 2015
was 87%.% Still, our findings support the contention that
donor heparin may have a greater benefit in liver trans-
plantation compared with kidney transplantation, par-
ticularly in relation to biliary complications. However,
confirmatory studies are needed before definitive conclu-
sions can be reached.
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To our knowledge, no previous cohort studies have
explicitly evaluated the use of donor heparin in DCD lung
transplantation. However, a large international registry
reported that donor heparin was used in only 53% of
cases.”” As in the 3 recipients in our cohort whose donors
did not receive any heparin, outcomes were largely favour-
able. In our study, we also did not observe any significant
differences with early versus late heparin administration or
with high versus low dose.

Numerous animal studies have assessed the impor-
tance of anticoagulation in DCD. In a porcine model of
DCD liver transplantation using normothermic regional
perfusion, Hessheimer and colleagues found that fibrin
deposition in liver grafts was rare, regardless of whether
or not heparin had been administered before cardiac
arrest.® However, heparin appeared to have other cyto-
protective and anti-inflammatory effects that were associ-
ated with better graft function. In a porcine model of
DCD lung transplantation, Sanchez and colleagues
found that static lung compliance, pulmonary vascular
resistance and gas exchange were better in lungs recov-
ered from animals that had received 300 units/kg of hep-
arin before cardiac arrest.* These findings were not con-
firmed in a similar study by Liersch-Nordqvist and
colleagues.’® In addition, Keshava and colleagues com-
pared lungs when heparin was administered before versus
after cardiac arrest and found no difference in occurrence
of thrombosis.’!

The main strength of our study is that it is population
based, involving a consecutive series of all DCD donors
and recipients in a defined geographic region, thereby
avoiding selection bias. We were able to obtain very
granular data regarding timing and dose of heparin.

Limitations

Important limitations of our study include its retrospective
design, the relatively small number of liver and lung trans-
plants and the fact that few donors did not receive any
heparin. However, the numbers of patients who received
earlier versus later heparin, or higher versus lower dose
heparin, were more balanced. Future studies could assess
whether anticoagulation has a greater impact in more
“marginal” donors. The age and KDRI of our donors were
comparable to those in other cohort studies.'®* It is also
currently unclear how potential innovations in DCD, such
as ex vivo support or normothermic regional perfusion,
might affect the need for anticoagulation.

CONCLUSION

Donor anticoagulation is widely used in DCD despite
limited data to support its efficacy. We found no evidence
that earlier heparin administration (near the time of
WLSM) improves kidney graft outcomes compared with a
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strategy of delaying administration until it is clear that the
patient will actually die within the requisite time frame for
DCD to be possible. Similarly, we found no evidence that
higher dose heparin is superior to more conventional anti-
coagulant doses in kidney donation and transplantation. In
the context of liver transplantation, we observed somewhat
lower alkaline phosphatase concentrations with adminis-
tration of higher doses of heparin, suggesting a potential
effect in ameliorating ischemic cholangiopathy. Overall,
our findings suggest that there should be equipoise to
study different approaches of administering premortem
anticoagulation in future prospective clinical trials.
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