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Abstract

AIM
To evaluate the effect of long haul airplane transport of
donor livers on post-transplant outcomes.

METHODS

A retrospective cohort study of patients who received a
liver transplantation was performed in Perth, Australia
from 1992 to 2012. Donor and recipient characteristics
information were extracted from Western Australian
liver transplantation service database. Patients were
followed up for a mean of six years. Patient and graft
survival were evaluated and compared between patients
who received a local donor liver and those who received
an airplane transported donor liver. Predictors of
survival were determined by univariate and multivariate
analysis using cox regression.

RESULTS
One hundred and ninety-three patients received a

November 7, 2016 | Volume 22 | Issue 41 |



local donor liver and 93 patients received an airplane
transported donor liver. Airplane transported livers had
a significantly lower alanine transaminase (mean: 45 U/L
vs 84 U/L, P = 0.035), higher donor risk index (mean:
1.88 vs 1.42, P < 0.001) and longer cold ischemic time
(CIT) (mean: 10.1 h vs 6.4 h, P < 0.001). There was a
weak correlation between CIT and transport distance (
= 0.29, P < 0.001). Mean follow up was six years and
93 patients had graft failure. Multivariate analysis found
only airplane transport retained significance for graft loss
(HR = 1.92, 95%CI: 1.16-3.17). One year graft survival
was 0.88 for those with a local liver and was 0.71 for
those with an airplane transported liver. One year graft
loss was due to primary graft non-function or associated
with preservation injury in 20.8% of recipients of an
airplane transported liver compared with 4.6% in those
with a local liver (P = 0.027).

CONCLUSION
Airplane transport of donor livers was independently
associated with reduced graft survival following liver
transplantation.

Key words: Airplane transportation; Cold ischemic time;
Graft survival; Donor location; Organ damage
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Core tip: This study demonstrated a significantly
decreased graft and patient survival for patients who
received an airplane transported donor liver compared
to a local donor liver not requiring airplane transport.
The hazard ratio for airplane transported donor livers
compared to local donor livers was 1.98 for graft
survival and 1.86 for patient survival. The effect
of airplane transportation was independent of cold
ischemic time.
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INTRODUCTION

The combination of the large geographic area of
Western Australia and relatively small and centralised
population has resulted in the need for donor livers
to be transported by airplane over long distances.
Australian donor allocation policy is based on a regional
(state) and national model. Sharing between regions
is mandatory for urgent patients and for non-urgent
patients sharing occurs when there is no suitable local
recipient. As a result a significant number of patients
in Perth have received a long distance airplane
transported donor liver from other states in Australia
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and New Zealand. The shortest transport distance was
from Adelaide (2140 km) and the longest was from
Auckland (5364 km) and this is similar to that between
Dallas and Los Angeles and Nuuk (Greenland) and Los
Angeles respectively.

It is well established that the cold ischemic time
(CIT) has a major effect on donor organ quality and
graft survival following liver transplantation and most
transplant centres attempt to maintain the CIT less
than12 h'™. One study found that air transport of
donor livers for more than 322 km increased CIT and
decreased graft survival and it was recommended that
long distance transport be avoided if other adverse
donor risk factors were present®. The donor risk
index and other donor risk models that have been
developed to predict short term graft survival have
used a variety of donor factors that include donor
age, body mass index (BMI), time in Intensive Care
Unit, use of inotropes, hypernatremia, cause of death,
liver function tests, pre-existing donor liver disease,
warm ischaemic time, CIT, MELD score and location of
donor®”, Interestingly, none have analysed if the type
of transport used to transfer the organ could add to
the utility of the model. Airplane transport is commonly
used for long distance donor liver transportation, but
its unique conditions such as low cabin pressure (0.7
Atm), reduced partial pressure of oxygen, acceleration
and deceleration forces and engine vibrations have the
potential to cause damage to donor organs.

The geographic isolation of Perth allows a unique
opportunity to evaluate the effect of long distance
airplane transport of donor livers on graft and patient
survival. The aim of this study was firstly to evaluate
the association between airplane donor liver transport
distance and CIT and secondarily determine the effects
of liver transport type on graft and patient survival.

MATERIALS AND METHODS

286 patients who had a liver transplant (LT) performed
by the Western Australian liver transplant service, Sir
Charles Gairdner Hospital from 1992 to 2012 were
included. All patients received a donation after brain
death donor liver. Exclusion criteria included living
donor liver transplantation.

Donor organ retrieval

Donor livers were preserved in cold (4 ‘C) UW solution,
sealed in two plastic bags and placed in an insulated
cooler that contained a slurry of iced water (Figure
1). All Western Australian donor liver retrievals were
performed in Perth. Ventilated patients in regional
areas of Western Australia are transferred by the Royal
Flying Doctor Service to Perth and only Perth based
intensive care units will declare brain death. Interstate
donor liver retrieval is performed by the regional donor
team. The cold stored donor livers are transported by
commercial flights (passenger or freight) in the cabin.
Charter jets are rarely used due to the expense.
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Figure 1 Donor liver preservation for airplane transport.

Data source

Clinical data were prospectively recorded and retro-
spectively extracted from the Western Australian liver
transplantation service database. Donor factors collected
were regional area of donation, history of airplane
travel, age, gender, weight, height, liver function test
[alanine transaminase (ALT), aspartate transaminase
(AST), bilirubin and alkaline phosphatase(ALP)], blood
type, CIT, cause of death, past cytomegalovirus (CMV)
infection, smoking/drinking history. The donor risk index
(age, cause of death, race, partial/split liver, height,
CIT, regional/national share and donation after cardiac
death) was also calculated™. Recipient factors collected
were age, gender, race, weight, height, blood type,
MELD score, LT indication, past CMV infection. Follow-
up was performed at Sir Charles Gairdner Hospital on
all patients till death, re-transplantation or December
2012. The study was approved by the Sir Charles
Gairdner Hospital Human Research Ethics Committee.

Endpoints and statistical analysis

The primary endpoints were graft and patient survival.
Primary graft non-function was defined as severe and
immediate liver dysfunction that lead to death of the
patient or re-transplantation during the first seven
postoperative days'™. Primary graft dysfunction was
defined as transaminases > 2000 U/L immediately
post-LT®), Early graft failure was associated with
primary graft dysfunction or progressive deterioration
of liver function tests from the time of transplantation.
Continuous variables were expressed as mean and
standard deviation. Mean values between groups were
compared using the t test. Categorical variables were
expressed as count and percentages. Percentages
were compared using the y° test. The correlation
between transport distance and CIT was assessed
using linear regression analysis. Survival was assessed
using Kaplan Meier curves and significance determined
by the log rank test. Predictors of survival were
determined by univariate and multivariate analysis
using cox regression. Two sided P values of < 0.05
were considered significant.
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RESULTS

Two hundred and eighty-six patients were included:
193 (67%) patients received a local donor liver and
93 (33%) patients received a donor liver airplane
transported from other states in Australia or New
Zealand. Donor and recipients characteristics are
shown in Table 1. Local and airplane transported
donor livers were well matched for factors that are
known to affect graft and patient survival following
liver transplantation. Airplane transported donor livers
had a lower mean ALT level (45 U/L vs 84 U/L, P =
0.035) and a higher mean donor risk index (1.88 vs
1.42, P < 0.001). There was a trend for less alcohol
use in airplane transported donor livers but this was
non-significant. Recipients who received an airplane
transported donor liver were significantly younger than
those who received a local donor liver (50 years vs 47
years, P = 0.019), had a higher mean MELD score (18.2
vs 14.5, P = 0.0007) and more often had acute liver
failure (16.1% vs 2.6%, P < 0.001).

Local donor livers had a significantly shorter mean
CIT of 6.4 h vs 10.1 h for airplane transported livers
(P < 0.001). Only 4% of local donor livers had a CIT
= 12 h compared to 24% of airplane transported
livers. Livers transported from the central states (South
Australia, Northern Territory) had a mean CIT of 9.0
h and those from the eastern states (Queensland,
New South Wales, Victoria, Tasmania) had a sig-
nificantly longer mean CIT of 10.7 h (P = 0.01).
Linear regression analysis found that CIT significantly
increased with transport distance with a coefficient of
1.3 (95%CI: 1.1-1.6) per 1000 km, P < 0.001 (Figure
2). However the correlation was poor with a model fit
(R square value) of 0.295, indicating that other factors
apart from transport distance affected CIT. Some of
these included availability of commercial flights, flight
delays and flight diversions.

Recipients were followed after LT for a mean of 6
years (range: 0.1-19 years). 93 (33%) developed graft
failure, 15 (5%) had a repeat LT and 78 (27%) died.
The one and 5-year graft survival was 83% and 73%
and patient survival was 86% and 76% respectively.
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Table 1 Patient characteristics

Characteristics Local liver Airplane liver P value
transport (7 = transport (n =
193) 93)

Donor characteristics
Age (yr) 41 (16.8) 44 (14.8) 0.23
Gender-male/female 55% /45% 56% /44% 0.87
Height (cm) 171 (11.5) 172 (9.3) 0.74
Weight (kg) 77 (17.4) 77 (13.4) 0.96
BMI 26 (7.5) 26 (4.2) 0.66
Bilirubin (umol/L) 15 (8.1) 14 (9.0) 0.38
ALP (U/L) 78 (35.4) 80 (35.8) 0.73
AST (U/L) 70 (84.9) 62 (69.2) 0.52
ALT (U/L) 84 (167.6) 45 (45.8) 0.035
Smoker 63% 64% 0.94
Etoh drinker 82% 69% 0.07
CMV positive 57% 63% 0.421
Cause of Death - trauma/  37%/52% 25% /67 % 0.129
cerebrovascular /9%/2% /7%/1%
accident/anoxia/other
Donor risk index 1.42 (0.35) 1.88 (0.43) <0.0001

Recipient characteristics
Age (yr) 50 (10.8) 47 (13.4) 0.019
Gender-male/female 72% /28% 63%/37% 0.175
Non-Caucasian 19% 22% 0.53
MELD score 14.5 (7.7) 18.2 (10.2) 0.0007
Height (cm) 171 (9.7) 171 (8.2) 0.65
Weight (kg) 78 (15.7) 75 (16.2) 0.08
BMI 27 (4.5) 26 (4.7) 0.21
CMV positive 61% 65% 0.58
Transplant indication 2.6%/97.4% 16.1%/83.9% <0.001
Acute liver failure/
chronic liver disease

Transplant factors
CIT (h) 6.4 (2.8) 10.1 (2.9) <0.001
ABO incompatible 3.4% 3.8% 1.00

Age, height, weight, BMI, bilirubin, ALP, AST, ALT, MELD score, cold
ischemia time and donor risk index were expressed as mean (standard
deviation). Other variables were expressed as percentage. Donor
allocation, gender, recipient age, gender, transplant indication was
available in all patients, Missing data count: donor factors: age: 1; BMI: 50;
Bilirubin: 51; ALP: 58; AST: 110; ALT: 54; Smoking history: 113; Drinking
history: 107; CMV infection: 19; Cause of death: 24; Donor risk index:
54; Recipient factors: race: 6; MELD score: 5; BMI: 28; CMV infection: 20;
Transplantation factors: CIT: 3; Blood type: 27.

Univariate analysis found that airplane donor trans-
port and long CIT were significantly associated with
worse graft survival and patient survival (Table 2).
After adjusting for potential confounders (donor
and recipient age, donor and recipient gender, CIT,
transplant indication), multivariate analysis found
that only airplane donor transport was significantly
associated with decreased graft and patient survival
(Table 2). The hazard ratio for airplane transported
donor livers compared to local donor livers was
1.98 (95%CI: 1.20-3.27) for graft survival and 1.86
(95%CI: 1.07-3.22) for patient survival. Recipients
with airplane transported livers had significantly worse
graft survival (P = 0.0005) and patient survival (P =
0.003) than those who received a local liver (Figure 3).
One year and five year graft survival was 0.88 and 0.79
for those with a local liver and was 0.71 and 0.61 for
those with an airplane transported liver. One year and
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Figure 2 Correlation between cold ischemic time and liver transport distance.
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Figure 3 Post-transplantation outcome for recipient with local liver and
those with airplane transported liver. A: Patient survival; B: Graft survival.

five year patient survival was 0.91 and 0.81 for those
with a local donor liver and was 0.76 and 0.66 for
those with an airplane transported liver. The significant
reduction in graft survival for recipients with an
airplane transported liver was observed immediately
after liver transplantation with graft loss within seven
days of 8.6% (8/93) compared to 1% (2/193) for
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Table 2 Predictors for patient survival and graft survival

Factors HR, 95%ClI, P value
Patient death Graft loss
Univariate Multivariate Univariate Multivariate
Cold ischemic time 1.07 (1.002-1.14) 1.04 (0.96-1.13) 1.07 (1.01-1.14) 1.04 (0.96-1.11)
P=0.041 P =0.300 P=0.018 P =0.348
Airplane transport liver vs local liver 1.95 (1.25-3.04) 1.86 (1.07-3.22) 2.03 (1.35-3.05) 1.98 (1.20-3.27)
P =0.003 P =0.027 P =0.001 P =0.008

Donor age, donor gender, recipient age, recipient gender, cold ischemic time, transplant indication and donor liver transport were included in multivariate

analysis.

Table 3 Cause of graft loss within one year and primary graft
dysfunction rate 7 (%)

Local liver Airplane liver P value

transport (7 =  transport (7 =
22) 26)

Cause of graft loss 0.027
Primary graft non- 1(4.6) 3 (11.5)
function
Early graft failure 0 (0) 5(19.3)
MOF due to sepsis 5(22.7) 9 (34.6)
others 16 (72.7) 9 (34.6)
Primary graft 1(4.6) 10 (38.5) 0.006
dysfunction

MOF: Multi-organ failure.

those with local livers (P = 0.02). This difference in
graft survival increased until one year post-transplant
(28% vs 11.4% respectively, P = 0.001) and then
was maintained until the end of follow up. Primary
graft non-function and early graft failure associated
with preservation injury accounted for 20.8% of graft
loss within the first year in those with an airplane
transported liver and only for 4.6% for those with a
local liver (P = 0.027) (Table 3). The primary graft
dysfunction rate was also significantly higher in
recipients with an airplane transported liver than those
with a local liver (38.5% vs 4.6%, P = 0.006) (Table 3).

Analysis of survival stratified by CIT (CIT = 12 h,
CIT < 12 h) found that airplane donor liver transport
was significantly associated with decreased graft
survival in both groups (P = 0.032 and P = 0.004
respectively) (Figure 4). Stratification by cause of liver
failure found a significant reduction of graft survival for
airplane transported livers in recipients with chronic
liver disease (P = 0.002) but not for recipients with
acute liver failure (P = 0.243) (Figure 4). The non-
significant difference for acute liver failure was possibly
due to small humbers (n = 20) and lack of statistical
power. For those patients transplanted for chronic
liver disease, further stratification analysis by MELD
score (MELD = 20, MELD < 20) found a significant
correlation between airplane transported liver and
graft survival in both groups (P = 0.013 and P = 0.019
respectively). Finally there was no significant difference
in graft or patient survival when comparing recipients
who received an airplane transported liver from the
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central states compared with the eastern states, P =
0.88 and 0.93 respectively.

DISCUSSION

In this longitudinal study, we found that airplane
transport of donor liver organs was associated with
significantly reduced patient and graft survival indepen-
dently of CIT and donor and recipient characteristics.
Donor characteristics were well matched in local and
airplane transported liver groups apart from a lower
mean ALT level and the expected longer CIT in the
airplane transported liver group. The lower ALT level in
this group is likely due to a better quality donor liver
being accepted because of the added risk of interstate
airplane transport. Recipient characteristics differed in
that there were an increased proportion of acute liver
failure recipients and a higher MELD score in those
that received an airplane transported liver. National
mandatory donor sharing accounted for 75% of all
donor livers being transported by airplane for this
urgent indication.

There was a weak but significant correlation
between donor transport distance and CIT. CIT in-
creased by 1.3 h for each additional 1000 km of
flight distance. Clearly other transport related factors
apart from transport distance influenced CIT and
these included delays in ground transport to and from
airports, delayed airplane departures and increased
flight times. On one occasion Perth airports closed
due to adverse weather conditions and caused a flight
diversion. These delays become more significant in
that surgery may be commenced prior to arrival of the
donor organ in an attempt to reduce CIT.

Overall graft and patient survival were excellent
and not different from those reported by the Trans-
plantation Society of Australia and New Zealand
for transplantation during this period™®. There was
however a significantly reduced graft and patient
survival in recipients that received an airplane
transported donor liver. For those who received a local
donor the one year graft and patient survival was 88%
and 91% respectively compared to 71% and 76%
respectively for those with an airplane transported
liver. The increased graft loss in airplane transported
livers was evident early within seven days after LT
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Figure 4 Graft survival curves after stratification. A: Recipients with cold ischemic time (CIT) = 12 h; B: Recipients with CIT < 12 h; C: Recipients transplanted for
acute liver failure; D: Recipients transplanted for chronic liver disease; E: Recipients transplanted for chronic liver disease and with MELD score = 20; F: Recipients

transplanted for chronic liver disease and with MELD score < 20.

with the maximum difference observed after one year.
Moreover, primary graft non-function and early graft
failure accounted for 28% of all graft loss in the first
year for recipients with an airplane transported liver
compared with 4.6% in those with a local liver. This
suggested a role of graft damage during transportation
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for recipients with an airplane transported liver.
Airplane transport was the only factor that was
independently associated with either graft survival
or patient survival. Univariate analysis found CIT
was associated with both end-points but this did not
maintain significance in multivariate analysis. After
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stratifying graft survival results for livers that had CIT
= 12 h or < 12 h; for recipients with a MELD = 20
or < 20 and for recipients transplanted for chronic
liver disease, there remained a significant difference
between airplane transported and local donor livers.
This further confirmed the independent effect of
airplane transportation on graft survival. Other donor
risk factors such as pre-existing liver disease, the
use of inotropes, hypernatremia and warm ischemia
time were not available for analysis in this study. It
is unlikely that these factors varied between groups.
It is also unlikely that donor organ retrieval by the
other states contributed to the worse graft survival
as all donor procurement surgery was performed by
experienced surgical teams that also perform the
service for each of the home states. Others have
shown that non-local organ procurement had no effect
on graft survival''!l. Future studies that include these
clinical factors are of great interest.

Up to date, this is the only study that has evaluated
the effect of airplane transport on post-transplantation
survival. Two large studies from the US and European
found that distant donor location (local vs reginal vs
national) was independently associated with decreased
survival after adjusting for CIT®”), This decreased
graft survival was potentially due to damage of the
donor liver caused by airplane transport. In the
current environment where donor sharing across a
large geographical area is increasing, further clinical
and laboratory investigation is needed to determine
the potential mechanism of the damage caused by
airplane transport and search for possible solutions.
Airplane transport has a number of well documented
environmental effects that have the potential to cause
damage to cold stored donor livers. Cabin pressure
is routinely maintained at approximately 8000 ft
which is equivalent to approximately 0.7 Atm. The
direct and indirect effects of this pressure change on
the isolated organ with tissue swelling and bubble
expansion in preservation fluid both have the potential
to adversely affect graft quality™!. The decreased
partial pressure of oxygen to 108 mmHg is less likely
to affect the donor liver because cellular metabolism at
4 °C is negligible. Direct trauma from the walls of the
container and acceleration and de-acceleration forces
could also damage the isolated liver. Finally airplane
engine and other vibrations are well known to cause
tissue damage particularly in the resonance frequency
range for organs of 4-5 Hz.

In summary, this “proof of concept” study demon-
strated the significant effect of airplane transportation
of donor livers on post-liver transplantation survival.
Further investigation is required to determine the
mechanism of organ damage in airplane transported
livers. However in the meantime it would seem prudent
to minimise donor liver trauma and atmospheric
pressure change effects by transporting isolated organs
in a pressure sealed cooler that has an appropriate
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organ harness and that is isolated from floor vibrations.
Clearly these observations have similar and important
implications for other donor organs that are transported
by airplane.
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Background

In the current environment of donor scarcity donor sharing between large
geographical areas is increasing. Airplane transportation is commonly used for
long distance donor transportation. However, no studies have evaluated the
potential effect of airplane transportation on post liver transplantation survivals.

Research frontiers
The geographic isolation of Perth allows a unique opportunity to evaluate
the effect of long distance airplane transport of donor livers on post liver
transplantation outcomes.

Innovations and breakthroughs

This study demonstrates for the first time a significantly decreased graft and
patient survival for patients who received an airplane transported donor liver
compared to a local donor liver not requiring airplane transport. This effect was
independent of the cold ischaemic time.

Applications

This study raised an interesting clinical question and leads to further
investigations to determine the mechanism of organ damage in airplane
transported livers. In the meantime, transporting isolated organs in a pressure
sealed cooler that has an appropriate organ hamness and that is isolated from
floor vibrations should be considered to minimise the potential damage caused
by airplane transportation.

Peer-review

This manuscript compared survival of liver transplant recipients that received
a local organ donor versus an airplane transported donor liver in Australia.
This is an interesting exploratory and novel study that has not been reported
previously. The study finding is very topical in an era of increasing transport of
donor livers that aims to redistribute organs in a fair way.
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