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Abbreviation

SC

AMR: antibody-m@diated rejection

U

BPCR: biof§y-proven chronic rejection

£

BPTAR: bi ven treated acute rejection

d

CIT: co time

CMV:c ovirus

i

DB: donor blood

[

DCD: donati 1 circulatory death

DRI: donor risk 1ndex

DST: d transfusion

th

HTK: histi ophan-ketoglutarate

U

INR: internatio ormalised ratio

A

LT: liver tran tion

MELD: model for end-stage liver disease
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NDB: no donor blood

pRBC: pacied red'lood cells
UW: Univq @ isconsin

VLTU: ¥ ot tiver Transplant Unit
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ABSTRACT

USCI

Backgrou

Blood remded from organs during deceased donor organ procurement is routinely discarded but is a

F)

potential r r donor-specific transfusion (DST) in subsequent liver transplantation (LT). This

d

study retrospect®@ly analyses the impact of DST on intraoperative bank blood product usage, long-

term gra ient survival, as well as frequency of rejection post-LT.

\Y{

Methods

A total of 99 LT performed from 1993 to 2018 in a single quaternary centre were included.
Intraoperati product usage, patient and graft survival, as well as acute and chronic rejection
were as i ients who received blood retrieved from the organ donor, the ‘donor blood’ (DB)

group (n= and patients who did not, the ‘no donor blood’ (NDB) group (n = 555).

or

L

Result

Au

Processing of DB ensured safe levels of potassium, magnesium and insulin. There were fewer units of

bank red blood cells transfusion required in the DB group compared to NDB group (2 vs 4 units, P =
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0.01). Graft survival was significantly superior in the DB group (10-year survival 75% vs 69%,

respectively, P = 0.04) but DST was not an independent predictor of graft survival. There was no

{

significant ldifference in patient survival or rejection between the groups. There was no difference in

P

treated, bio @ en rejection between the two groups.

Crl

Conclusio

This is the e-cohort study assessing long-term outcomes of intraoperative DST in LT. The

LS

collection of organ donor blood and subsequent use in LT recipients appeared feasible with
appropriate qualitychecks ensuring safety. DST resulted in a reduction in the use of packed red blood

cells. Ther difference in the rate of rejection or graft or patient survival.

'

Ma

INTRODUCTION

Liver trans

[

(LT) can be associated with significant intraoperative blood loss. This is related

to coagulo @ rombocytopenia, portal hypertension and the complexity of LT surgery(l, 2).

Patient bloo gement includes preoperative haemoglobin optimisation, careful haemostasis in

surgery of cell saver technology to reduce the need for blood transfusion.

Blood remQ

pod could instead be transfused in LT recipients with potential benefits in reduction in

{

the organs during the deceased donor organ procurement is usually discarded.

bank blood product'utilisation and reduced rejection rates. Donor-specific transfusion (DST) has been
shown to have a positive impact on graft survival and reducing incidence of rejection episodes,

particularly in kidney transplantation(3). A study by Sollinger et al(4) of DST in living-unrelated

This article is protected by copyright. All rights reserved. 4



donor-recipient kidney transplantations demonstrated graft survival equivalent to that achieved with
human leukocyte antigen-identical donors. Experimental and clinical studies of LT have demonstrated
the poten!1l Beneht of DST in reducing acute rejection by possibly inducing immunological tolerance

to the live-10). A clinical study by Sato et al(7) of intraportal DST in recipients during

LT demmnstmatedmandecrease in the dosage of immunosuppression compared with LT recipients who

did not rechortal DST.

While DSTG ey transplantation has been shown to be effective, studies in LT are limited and

SC

involve a small s@ple of recipients. The Victorian Liver Transplant Unit (VLTU), one of six LT

U

units in Australia and New Zealand, is the only provider of LT in Victoria and Tasmania. The

transfusion’

1

donor blood during adult LT was introduced in the VLTU in 1993. The working

hypothese ogram were that DST is safe and that LT recipients who received DST will have

d

reduced intrdo ive bank packed red blood cells (pRBC) usage with potential immunological

benefits. spective study aims to analyse our experience of DST in LT recipients from 1993

to 2018 othesis that DB can reduce intraoperative pRBC transfusion without an adverse

impact on rejection, patient or graft survival. This study received ethics approval from the institution’s

Human Rehhics Committee, LNR/18/Austin/353. This is the first large-scale study analysing

the long—tees of DST in LT.

MATERIAL AND METHODS

tith

Study populatio

Betwee 1993 and December 2018, 1,211 transplants were performed by VLTU. After

A

exclusion of pa ic LT (n=210), 1,001 adult patients who had LT were identified as the cohort of
the current study. Nine cases were omitted due to missing data on RBC transfusion, yielding a total of

992 recipients.

This article is protected by copyright. All rights reserved. 5



Safety coniderat" ns.
Organ dos been routinely collected from brain-deceased donors during procurement

operatioas Wen by the VLTU since 1993 and transfused into recipients. Donation after
circulatorymCD) donors were excluded because of the time critical nature of organ perfusion
in these cages. 0 2004, both ABO compatible and identical donor recipient pairs were transfused
with organ dongr blood after cross-matching. Processing of organ donor blood with the cell saver
removed p ag@BO antibodies in all cases. From 2005 onwards, to enhance safety and improve
quality of care, thdprotocol for selection of appropriate organ donors for DST included the donor and
recipient bein: ABO identical, not rhesus positive-to-negative and not cytomegalovirus (CMV)

positive-to ive.

(O

During orkup, detailed medical and social interviews with relatives of the deceased were

undertaken b coordinators. These included questioning regarding infective risks such as sexual

history, U venous drugs and incarceration. In addition, viral serology and nucleic acid testing
(routinely sed since 2002) for human immunodeficiency virus (HIV), hepatitis B and C were
conducted. and body fluid cultures taken during the period of hospitalisation of the donor that
were also at the time of organ offer were documented and communicated. If a donor culture

became pogitiv r transplantation, the unit was notified and appropriate antibiotic cover was given.

Donor tamylies copsented to donation and transfusion of organ donor blood for transfusion and the

th

recipients ented to transfusion of organ donor blood during transplantation. The ‘donor

U

blood” (D comprised LT recipients who were transfused with blood retrieved during their

deceased li nor procurement procedure and the ‘no donor blood’ (NDB) group comprised LT

A

recipients w ot receive organ donor blood.

This article is protected by copyright. All rights reserved. 6



Collection of organ donor blood.

Donors reiived boad-spectrurn intravenous antibiotics at the commencement of the procurement

operation fi by 25,000 units of intravenous heparin prior to cannulation. The abdominal aorta

was cannu 2 French arterial cannula (Medtronic, Dublin, Ireland). Blood was retrieved in
I I . . . .

a sterile c!sed system from the donor’s inferior vena cava at the time of deceased donor liver

procurementg A 32 French catheter with side holes (Portex Limited, Hythe, Kent, UK) was connected

to a cell sa rvoir (Cell Saver Elite, Haemonetics, Braintree, Massachusetts, USA) through a

length of tdbing which was clamped prior to insertion. The inferior vena cava was ligated superior to

S

the conflu e common iliac veins and was cannulated with the Portex catheter, with the tip of

U

the cathete laced at the level of the insertion of the hepatic veins into the inferior vena cava.

Suction wa§ applied to the reservoir. Commencement of organ perfusion occurred immediately after

g

the release of the clamp on the tubing connected to the inferior vena cava catheter and at the time of

cross-clam: e supracoeliac aorta.

Ma

Donor perfusion.

3

Aortic and rfusion was used from 1993 to 2005 and aortic-only thereafter. The majority of

cases used such as Soltran (Soltran, Baxter Healthcare Ltd, Thetford, Norfolk) or hypertonic

0

citrate soluti oss solution, Orion Laboratories, Balcatta, WA, Australia) as a low viscosity initial

flush. This\was followed by either histidine-tryptophan-ketoglutarate (HTK) solution (Custodiol, Dr

h

Franz K ie Gmbh, Alsbach-Hahnlein, Germany) or Belzer University of Wisconsin (UW)

t

solution (V1 NDuPont Merck Pharmaceutical Co., Netherlands or Bridge to Life Ltd., Columbia,

South Carolina).

A
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Processin*nd tr'nsfusion of donor organ blood.
The resenor organ blood was transported with the liver in a temperature-validated

shipperflmwashed and concentrated in a cell saver (Cell Saver Elite, Haemonetics, Braintree,
Massachusw). The concentrated red cells were resuspended in normal saline and cross-
matched bgfore transfusion. Once the result of cross-matching was received, the LT recipient was
transfused with_the blood derived from the donor of the liver they were to receive through routine
systemic mcess. The decision to transfuse was at the discretion of the anaesthetist using
standard transfusi@m triggers. Blood from the operative field was collected through the reservoir that
transfusion

was previousl: used to collect organ donor blood and returned to the patient as an autologous

pients received broad-spectrum antibiotics at commencement of the operation and

for 24 houmratively.

The conceitrations of potentially harmful components derived from the perfusion fluid, including

insulin, potassium and magnesium in the untreated retrieved organ donor blood and in the cell

@ ocessing were measured from 1993 to 2004. During this time period, the cell

suspension
suspension cultured to assess potential contamination. Measurements of components and
culturin r blood were halted once safety was established.

Assessing effic
The volume aemoglobin concentration of organ donor blood concentrate transfused were

measured to assess efficacy of the transfusion. The VLTU database and anaesthetic records were

analysed to compare intraoperative blood product usage, biopsy-proven treated acute rejection

This article is protected by copyright. All rights reserved. 8



(BPTAR), biopsy-proven chronic rejection (BPCR), antibody-mediated rejection (AMR), early
allograft dysfunction (as defined by Olthoff et al.(11)), patient survival, graft survival and death-

censored *ﬂ urvival in the DB and NDB group. Patient survival was censored at retransplantation

S
whereas gwas not.
I
Statistical @

Data are w as number and percentage or median and interquartile range (25%-75%).

Categorical data were compared using the Chi-squared test and continuous data were compared using

the Mann—WhitnSU test for baseline characteristics. Paired data assessing safety parameters were

compared rgaWilcoxon signed rank test. All statistical analyses are reported using 2-tail tests.

Patient su ft survival and death-censored graft survival were assessed using Kaplan-Meier

analysis a@ﬂc Risk factors for graft survival were initially analysed using univariate Cox

proporti

entered§riate backward stepwise Cox proportional hazards regression analysis. P values
less than 0.05"Wcrte considered significant. Statistical analysis was undertaken using IBM SPSS
Statistics VSrsion 26.

A total of '27 LT'nd 555 LT were in the DB and NBD group respectively. Out of the 437 LT that

s regression. Variables with a P value less than 0.1 on univariate analysis were

involved i tive DST, 121 received DST only. A total of 671 LT cases involved pRBC
transfusionl 5 in DB group and 406 in the NDB group respectively. The DB group had 315
cases thaigl ed banked blood products whereas the NDB group had 439.

This article is protected by copyright. All rights reserved. 9



Safety. I '
Processingonor blood resulted in a significant reduction in potassium, magnesium and

insulin ioWon to levels that were safe for transfusion into LT recipients (Table 1).

Haemogloantration increased from a median of 43 g/L to 164.5 g/L and leukocyte count from

3.9x 10%@10% (Table 1),
Baseline cgstics.

Comparisoﬁr, patient and transplant characteristics between the two groups is summarised in
Table 2. D acteristics that were not different between the two groups include donor age (P =

0.68), redyeged w graft (P = 0.38) and rhesus status (P = 0.78). The donor risk index (DRI) was

significantly lower in the DB group compared to the NDB group (1.43 vs 1.57, P <0.001). There were

no donation a irculatory death (DCD) donors in the DB group (0 vs 6.9% in NDB group, P

<0.001 e more local donors in the DB group compared to the NDB group (80.1% vs
57.1%, P <ii.001) and fewer national donors (shipped livers) in the DB group compared to the NDB

group (6.2% vs %, P <0.001). There was a statistically significant difference between the groups

in terms ouse of death (P = 0.016); anoxia (14.0% in DB vs 20.2% in NDB), trauma (18.5%
vs 21.6%) r causes of death (9.4% vs 9.9%) were less frequent, while stroke (57.9% vs
48.3%) gequent in the DB group compared to the NDB group. There were more type O
blood nger type A blood group donors in the DB than the NDB group (54.7% vs 43.4%

and 34.6% vs 42.;A) respectively, P <0.001). More donors in the DB group were CMV negative

(43.5% & <0.001).

There was no significant difference in the DB and NDB group in terms of recipient age (P = 0.35), sex
(P = 0.23), model for end-stage liver disease (MELD) score (P = 0.17), bilirubin level at time of

This article is protected by copyright. All rights reserved. 10



transplant (P= 0.50), international normalised ratio level at time of transplant (P = 0.61) and the
primary disease process (P = 0.14). Creatinine level at time of transplant was significantly lower in
the DBM the NDB group (74 vs 87 umol/L, P <0.001). There were significantly more
recipients Who wege blood type O in the DB group compared with the NDB group (45.1% vs 32.4%)

and few@r wiliewese blood type A (39.1% vs 44.7%, P <0.001). More DB group recipients were CMV

seropositiv* vs 70.3%, P <0.001).

0.06) but no differ@nce between the groups in the proportion of cases with a CIT > 12 hours, a cut-off

There was o shorter cold ischaemia time (CIT) in the DB group (402 vs 423 minutes, P =

above which_initial graft function and long-term outcome have been shown to be inferior(12). The
distance b donor and recipient hospitals was less in the DB group (12 vs 21 km, P < 0.001).
There wer BO identical transplants in the DB group (88.3% vs 75.9%, P <0.001). A larger
percentage 0 splants in the NDB group were CMV positive-to-negative as well as rhesus

(23.3% vs 4.7%, P <0.001 and 16.1% vs 4.2%, P <0.001 respectively). There was
ificant difference in the perfusion technique, with patients in DB less likely to
receive aortic-only perfused grafts than recipients in the NDB group (68.9% vs 85.4%, P <0.001).
Recipientsh group were more likely to receive grafts perfused with UW solution than those

in the NDH @ 82.4% vs 75.9%, P = 0.013).
pH
Patients in the DBSgroup received a median of 4 units of DST (Table 3). The median intraoperative

pRBC requij was halved in the DB group compared with the NDB group (2 vs 4 units, P
<0.001). ts in the DB group were transfused with more autologous blood compared to

recipients in the NDB group during LT (5 vs 4 units, P <0.001). There was no statistically significant

Intrao d product usage.

difference in the usage of fresh frozen plasma, platelets or cryoprecipitate between the two groups.

This article is protected by copyright. All rights reserved. 11



There Weri signifvantly more recipients in the DB group who were transfused no pRBC during

transplantati pared to the NDB group (39.4% vs 26.8% P <0.001). Additionally, recipients in

the DB gr e likely to not require no bank blood products at all in comparison to the NDB
I

group (27.!0 vs 20.9%, P =0.01).

Rejection

There was icant difference in BPTAR (DB group 26.3% vs NDB group 21.4%, P = 0.07),

UuscC

AMR or B ween the groups (Table 4).

al

Early allo unction

There was ificant difference in early allograft dysfunction (DB group 22.9% vs NDB group

25.3%,

r M

Patient an @ rvival.

The media jemt survival for the entire study cohort was 20.4 years whereas the median graft

no

surviva ars. The median graft survival was 17.9 years and 18.1 years in the DB and NDB

|

group respectively. Graft survival was significant better in the DB group (P = 0.044, figure 1). The 1-,

U

5-, 10- and 20-yeafygraft survival in the DB and NDB groups was 91%, 83%, 75% and 48% vs 86%,
77%, 69% a b, respectively. The median patient survival was 20.7 and 19.3 years for the DB

and ND espectively. There was no significant difference in patient survival (P = 0.133). The

A

1-, 5-, 10- and 20-year patient survival in the DB and NDB groups was 94%, 87%, 80% and 52% vs

91%, 83%, 75% and 49% respectively. The median death-censored graft survival was not reached for

This article is protected by copyright. All rights reserved. 12



both groups. There was no significant difference in death-censored graft survival (P =0.139). The 1-,

5-, 10- and 20-year death-censored graft survival in the DB and NDB groups was 97%, 96%, 94% and

92% vs 35*, g!%, 92% and 90%, respectively.

Q.

|
Univariatemindicated that DST was associated with increased graft survival (OR 0.889, 95%

|
CI 0.793-0@ 0.04, Table 5). Donor factors that were associated with decreased graft survival in
the univariate apalysis were DCD (OR 2.281, 95% CI 1.326-3.925, P = 0.003), DRI (OR 1.098, 95%
CI 0.988-1 , 0.08), national sharing (OR 1.242, 95% CI 1.019-1.515, P = 0.03), anoxia as
cause of deatE 2.455, 95%CI 1.638-3.678, P <0.001) and other causes of death besides stroke,
trauma and anoxia (OR 1.572, 95% CI 1.040-2.375, P = 0.03). Recipient factors including recipient
age (OR 1. % CI 1.012-1.035, P <0.001), recipient creatinine (OR 1.002, 95% CI 1.000-1.003,

P = 0.01) ain primary diseases were associated with decreased graft survival. Primary
chiol

sclerosing
primary di in this association were fulminant hepatic failure (OR 3.423, 95% CI 1.722-6.805, P
<0.001 itis. B (1.973, 95% CI 0.929-4.190, P = 0.09), hepatitis C (OR 1.993, 95% CI 1.059-

3.750, P = 0.033), malignancy (OR 3.659, 95% CI 1.833-7.305, P <0.001), nonalcoholic

tis is the reference category and is significantly lower risk (P <0.001). The main

steatohepah 4.695, 95% CI 1.936-11.385, P <0.001) and other causes not listed (OR 2.446,

95% CI 1., P =0.019). Transplant factors that were associated with decreased graft survival

includeE 95% CI 1.000-1.002, P = 0.006) and graft number (1.479, 95% CI 1.001-2.183, P

=0.049

Multivariate ana:

ssociated with reduced graft survival: DRI (OR 1.410, 95% CI 1.101-1.804, P =

is of reduced graft survival revealed that the following variables were

0.006), DCD (OR™2.023, 95% CI 1.160-3.528, P = 0.01), recipient’s age at time of LT (OR 1.023,
95% CI 1.009-1.036, P <0.001), recipient’s creatinine level at time of LT (OR 1.002, 95% CI 1.000-

1.003, P = 0.026) and CIT (OR 1.001, 95% CI 1.000-1.002, P = 0.03). DST was not independently

This article is protected by copyright. All rights reserved. 13



associated with increased graft survival (OR 0.953, 95% CI 0.831-1.093, P = 0.5). The OR and 95%

CI for all factors in univariate and multivariate analyses are summarised in Table 5.

DISCUSSION

Ipt

This is the rt of the long-term results of a large-scale study of routine DST in LT. The routine

collection @ decedsed organ donor blood is a feasible procedure that can be incorporated into the

cr

organ proc n@procedure, including remote donors (the donor hospital was > 1,000 km distance

S

in 5% of D . The technician-perfusionist who routinely attends organ donor procedures also

facilitates tion of organ donor blood. The reservoir used to collect the blood is reused in the

U

LT for co f autologous blood from the operative field, while the cell saver is used for

1

preparation of the organ donor blood and of the blood salvaged at the operation. Therefore, the

o organ donor blood is not demanding in terms of time, resources, feasibility or

o
S
o
Q
a
92}
w2
o
=
o
=N

(@}
o
172}
-

Results demonstrated that after processing, components such as potassium, magnesium and insulin

1

levels are safe_for organ donor blood to be transfused in LT recipients. The haemoglobin and

leukocyte @ w > increased due to concentration of organ donor blood after processing.

no

Patients

L

ed organ donor blood required a smaller volume of blood bank pRBC during the

intraoperative peri@d. More recipients in the DB group required no transfusion than recipients in the

U

NDB group. gh DST in LT may not be independently associated with improved patient and

graft su tential benefits include minimization of exposure of recipients to third party antigens

2

and freeing up the valuable resource of bank blood for other patients who need bank blood products.

This article is protected by copyright. All rights reserved. 14



In the current study, there was no significant difference in patient survival between the DB and NDB
group. Kaplan-Meier analysis showed that recipients who received DST at transplantation had
reducedMompared to recipients who did not. However, it is acknowledged that the groups
differ with @ o important variables that are likely to impact on graft survival. In particular, in
comparisonmtemthesNDB group, the DB group had a lower DRI donors, no DCD cases, more local
donors, fe s who died of anoxia and more who died of stroke, more blood group O and fewer
blood grm‘ A an’AB donors, fewer CMV positive donors, lower recipient creatinine, more blood
group O regipi and fewer of the other blood groups, more rhesus positive recipients, more CMV
positive rem more aortic plus portal perfusion, more use of UW perfusion solution, earlier year
of transplantation,i trend to shorter CIT, a greater distance between donor and recipient hospitals,
more ABO 4 igal transplants and fewer CMV D+/R- and rhesus D+/R- transplants. In order to
account foCJacts of these differences on graft survival in the groups, multivariate analysis

which inclme factors as well as whether or not the patients received organ donor blood was

undertaken.  Interestingly, multivariate analysis demonstrated that DST is not a variable
independently Encing graft survival. The key variables shown to affect liver graft survival found
in the s I, DCD, recipient age, recipient creatinine and CIT, which are well known in the
literature(1 i— 17).

The lacﬁant difference in BPTAR is incongruent with previous animal studies and small

clinical

found that DST reduces the frequency of acute rejection(5-10). However, this is in
keepingM(lS) study which involved a small sample of LT patients receiving postoperative
DST throu@rtal vein. They demonstrated no difference in total frequency of acute cellular
rejection episo ompared to the group who did not receive DST. A possible future research
directio s the assessment of the use of organ donor blood versus bank blood in normothermic

ex vivo perfusion.
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Establishing microchimerism involving donor and recipient cells is considered a necessary
precondition for tolerance as it results in changes to donor lymphocytes and cell repopulation post-
transplarm Various animal studies have demonstrated improvement in hepatic allografts of
rats recei @ before transplantation, possibly due to induction of immune tolerance(5-10).
Proposed meelmmisms of inducing immune tolerance after DST include creating an environment
favouring 'LZ cytokines, as well as changes in migration of donor dendritic cells and passenger

leukocytesfin the Iyimphoid system(20-22).

SC

Limitations of the$tudy include its retrospective nature, the change in selection of cases over time and

u

the fact that in addition to organ donor blood, some patients in the DB group received bank blood

)

either intra ively or in the postoperative period, which may have effects on the outcomes of LT,

particularl ard to rejection.

a

There n marked improvements in haemovigilance and blood product safety in transfusion

M

medicine since the introduction of the DST program by the VLTU. This includes rigorous donor

1

screening g, routine leucodepletion and transfusion-related acute lung injury mitigation

practices. ant to maximise the safety of donor blood transfusion and review of this practice

0

is being un en. Current safety protocols included informed consent of LT recipients, detailed

medical and social interviews with relatives of donors by donor coordinators, viral serology and

h

nucleic i@, availability of microbiological cultures of the donor during the hospitalisation,

L

administrat oad-spectrum antibiotics to donors and recipients, processing, cross-matching and

microbiological culture of organ donor blood, communication between the organ procurement

organisdfl 1 transplant units of any significant results or clinical events after transplantation,

regular clinical meetings and auditing processes. Given the lack of benefit in terms of preventing

rejection, consideration is being given to using a leukocyte filter when administering organ donor

blood in order to further enhance the safety of DST.
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I ' CONCLUSIONS

This is the @ pe-scale study of the use of intraoperative unrelated DST in LT with long-term
outcomﬁ. Wn of deceased organ donor blood and its subsequent transfusion in LT recipients is

feasible an contrast to previous animal model studies, there was no difference in the rate of

[

rejection. Batient Sprvival was equivalent in patients who received or did not receive DST. Although

SC

graft survival was superior in the DB group, DST was not independently associated with improved
graft survi ients who received DST required less blood bank pRBC transfusion and were more

likely to require @ red cell or blood product transfusion at all. This has significant implications on

Ul

overall demand placed on blood donors and blood bank inventory, though the reduction of bank blood

Fl

usage need eighed against the ability to provide a product of equivalent quality and safety.

Author Ma
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FIGURE LEGENDS

Figure 1: (i Kaplr-Meier graph of cumulative post-transplant patient survival in the ‘donor blood’

group anddood’ group (P=0.134). (b) Kaplan-Meier graph of cumulative post-transplant

graft survi

H . .
graph of cumulative death-censored graft survival in the ‘donor blood’ and ‘no donor blood’ group (P

N

nor blood’ group and ‘no donor blood’ group (P = 0.045). (¢) Kaplan-Meier
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TABLES

ript

Table 1. Pogissiufiy, magnesium, insulin and haemoglobin concentration and leukocyte count in

C

retrieved or nor blood prior to processing and in cell suspension after processing.

nent Donor blood Cell suspension P value

US

Median IQR Median IQR
Potas!um (mmol/L) 19.7 11.8-33.3 3.1 2.0-4.7 <0.0001
Magmmol/L) 5.71 3.6-7.6 0.47 0.23-0.77 < 0.0001
i ) 42.8 8.5-240.0 4.8 3.0-26.7 <0.0001
};En(g/m 43 18-117 165 145-175 0.006
Leukocyte count (x 10°/L) 3.9 1.0-8.3 8.2 4.9-13.6 0.005

-

Abbreviations: interquartile range.

O

Auth
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Table 2. Comparison of baseline characteristics between ‘donor blood” and ‘no donor blood’ group

for donor, recipient and graft factors. Data are shown as N (%) or median (interquartile range).

{

Characteristi

N

[l

Donor fact

DRI

Age (years)

DCD

Split graft

Sharing*

dNUSC

Local

Regional

M

National

[

Cause of de

Anoxia

Stroke

Trauma

Other

Blood gr

Autho

>

Donor blood group No donor blood group P value
437 555
1.425 (1.19- 1.57 (0- 7.441) <0.001
45 (28-54.75) 44.5 (6-78) 0.681
0(0) 38 (6.9) <0.001
60 (13.8) 66 (11.9) 0.381
<0.001
350 (80.1) 317 (57.1)
60 (13.7) 63 (11.4)
27 (6.2) 175 (31.5)
0.016
61 (14.0) 112 (20.2)
254 (57.9) 268 (48.3)
41 (18.5) 55 (21.6)
81 (9.4) 120 (9.9)
0.001
151 (34.6) 237 (42.7)
6(1.4) 21 (3.8)
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(¢}

{

Rhesus stat

Negatiyg

Positive

CMV status

Negative

Positive

Indetermin@nt

NUSCI

Recipient f:

d

Sex

Male

M

Female

Age (years)

or

Disease

h

Biliary atro8ia

|

Autoim

U

Alcohol

Crypto

A

Metabolic

41 (9.4)

239 (54.7)

57 (13.0)

374 (85.6)

190 (43.5)

169 (38.7)

0 (0)

301 (68.9)

136 (31.1)

53 (45-59)

4(0.9)

17 (7.3)

61 (14.0)

32(7.3)

16 (3.7)

56 (10.1)

241(43.4)

0.782

66 (11.9)

483 (87.0)

<0.001

158 (28.5)

286 (51.5)

1(0.2)

0.225

362 (65.2)

193 (34.8)

54 (18-72) 0.348

0.135

2 (0.4)

22 (4.3)

64 (11.5)

24 (4.3)

18 (3.2)
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Fulminant hepatic failure

Malignanci '

o BQ

Hepatiti§ G
NASH L
Primary scgholangitis
Primary bimosis
Other s
MELD scorC
Bilirubin (um
Creatini

INR

M

Blood group

thor

U

Rhesus stat

Positiv

A

Negative

25 (5.7)

59 (13.5)

33 (7.6)

86 (19.7)

20 (4.6)

45(10.3)

18 (4.1)

21 (4.8)

19 (14-26)

84.5 (32-277.

74 (24.24-11:

1.6 (1.3-2.1)

171 (39.1)

14 (3.2)

55 (12.6)

197 (45.1)

371 (93.7)

25 (6.3)

55 (9.9)

84 (15.1)

27 (4.9)

107 (19.3)

23 (4.1)

65 (11.7)

27 (4.9)

37 (6.7)

20 (6-54)

90 (0-1055)

87 (0-905)

1.6 (0-10.5)

248 (44.7)

30 (5.4)

97 (17.5)

180 (32.4)

420 (81.6)

95 (18.4)

0.172

0.496

<0.001

0.607

0.001

<0.001
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CMV status

Positive

{

Negative

Transplgnt faeiose

Perfusion

Cr

Aortic and p

S

Aortic only

Perfusion solution*?*

J

c
<

r Man

HTK

Graft nu;

O

Year of tran

CIT (minut

h

{

CIT**%*

U

> 12 hours

<12h

A

Distance (km)*****

P

103 (83.7)

20 (16.3)

136 (31.1)

301 (68.9)

360 (82.4)

48 (11.0)

412 (94.3)

23(5.3)

2(0.5)

2008 (2001-201

402 (319.5-50¢

21 (4.8)

412 (94.3)

12 (10-44)

156 (70.3)

66 (29.7)

81 (14.6)

474 (85.4)

421 (75.9)

62 (11.2)

512 (92.3)

40 (7.2)

3(0.5)

2012 (2006-2016)

423 (335-423)

36 (6.5)

515 (92.8)

21 (10-679)

<0.001

<0.001

0.013

0.926

0.450

<0.001

0.058

0.503

<0.001
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Distance <0.001

< 1,000 1:: ) 416 (95.2%) 454 (82.2%)
> 1,000 Q 21 (4.8%) 98 (17.8%)

ABO cogapaibiiagss™*** <0.001
Identical 386 (88.3) 421 (75.9)
Compatible 46 (10.5) 94 (16.9)
Incompatilm* 1(0.2) 34 (6.1)
CMV D+/R- s 20 (4.7) 105 (23.3) <0.001
Rhesus D+/C 17 (4.2) 83 (16.1) <0.001
*Local= Mel opolitan area, regional = rural Victoria and Tasmania, national = other states and New Zealand

**Donor rhesuS¥tal issing data: donor blood group 6 (1.4%), no donor blood group 6 (1.1%)

***Perfusio ion missing data: donor blood group 29 (6.6%), no donor blood group 72 (13.0%)
**EXCIT . door blood group 4 (0.9%), no donor blood group 3 (0.5%)

*****Distance between donor and recipient hospitals using great circle calculation

rrAERRABO Lty missing data: donor blood group 4 (0.9%), no donor blood group 3 (0.5%)

******IncolOOd group A, non-Al to O

Abbreviations: onic active hepatitis; CIT, cold ischemic time; CMV, cytomegalovirus; D+/R-, donor positive to

recipient negafive; DCD, donation after circulatory death; DRI, donor risk index; HTK, histidine-tryptophan-ketoglutarate;

INR, inte . .
<

This article is protected by copyright. All rights reserved. 26

lised ratio; MELD, model for end-stage liver disease; NASH, nonalcoholic steatohepatitis; UW,

Universit



Table 3. Comparison of ‘donor blood and ‘no donor blood’ group in terms of intraoperative blood

product usage.

{

BI ct (units) Donor blood group No donor blood group P value
Median IQR Median IQR
H I

Donk 4 2-4 0 0 <0.001
Bankud cells 2 0-5 4 0-6 <0.001
AutoWod 5 2-12 4 2-9 <0.001
Fresh frozen ;sma 2 0-4 2 0-4 0.172
Platec 0 0-3 1 0-2 0.246
Cryopzesipi 0 0-5 0 0-6 0.132

Abbreviations:

@
=

o
g
=
=
)
s
=

aQ
[¢]

Author M
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Table 4. Comparison between ‘donor blood’ and ‘no donor blood’ group in terms of rejection.

Rejegsion ‘Donor Blood’ group  “No donor blood’ group P value

!

WQ 115 (26.3) 119 (21.4) 0.073
AMRa mammm—— 2(0.5) 1(0.2) 0.429
-
BPCR 10 (2.3) 22 (4.0) 0.138
AbWtibody-mediated rejection; BPCR, biopsy-proven chronic rejection; BPTAR, biopsy-proven treated

acute rejecti

S

Author Manu
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Table 5. Univariate and multivariate analysis (Cox proportional hazards regression) of risk factors for

graft loss.
H
Vari Univariate analysis Multivariate analysis
OR 95% CI P-value OR 95% CI P-value
I
Donor bloohon 0.889 0.793-0.997  0.04
DRI O 1.098 0.988-1.219 0.08 1.410 1.101-1.804  0.006
DCD m 2.281 1.326-3.925 0.003 2.023 1.160-3.528  0.01
Donor age ; 1.004 0.997-1.011 0.22
Split/ReducC 0.958 0.713-1.288  0.78
Cause of Dem
Trauma Reference 0.88
Anoxia E 2.455 1.638-3.678  <0.001
Stroke 1.244 0.936-1.652 0.13
Other L 1.572 1.040-2.375 0.03
Sharing O
Regionc Reference 0.10
Local H 1.034 0.867-1.234 0.71
National s 1.242 1.019-1.515 0.03
Recipien{ 1.002 0.987-1.018 0.77
Recipient creatinine 1.002 1.000-1.003 0.011 1.002 1.000-1.003  0.026
Recipient age 1.023 1.012-1.035  <0.001 1.023 1.009-1.036  <0.001
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Recipient INR 0.993

Recipient bi||'rubin ' 1.000
Disease catﬂ

PSC Reference

Alcohol ( > 1.345
Autoimmum 1.335
Biliary atre': 1.164

CryptogenicC 1.377

3.423

FHF C

Hepatitis m 1.973
Hepe:E 1.993
Mali 3.659
Metabolic s 1.401

NASH O 4.695

1.954

PBC

Other : 2.446
7

ABO comp:

Identical Reference

Compe{ 0.963

Incompatible 0.942

0.861-1.146

0.999-1.000

0.706-2.562

0.598-2.981

0.259-5.240

0.678-2.799

1.722-6.805

0.929-4.190

1.059-3.750

1.833-7.305

0.587-3.345

1.936-11.385

0.996-3.832

1.162-5.151

0.753-1.231

0.771-1.150

0.92

0.38

<0.001

0.37

0.48

0.84

0.38

<0.001

0.08

0.03

<0.001

0.45

<0.001

0.051

0.019

0.56

0.76

0.81
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CMV D+/R- 0.832 0.558-1.242 0.37

Rhesus D+/i- ' 1.017 0.688-1.505 0.93
CIT Q 1.001 1.000-1.002 0.006 1.001 1.000-1.002  0.029

Year ofﬁm% 1.002 0.983-1.021 0.86
Graft number 1.479 1.001-2.183 0.049
Abbreviations:uld ischemic time; CMV, cytomegalovirus; DCD, donation after circulatory death; DRI, donor risk

index; FHF; patic failure; INR, international normalised ratio; MELD, model for end-stage liver disease;

NASH, non-alco steatohepatitis; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis.

Author Manu:
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