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Summary
Purpose. Assessment of the effect of a short ischaemic time
prior to liver transplantation on the liver graft.
Methods. White X Landrace pigs (N=10) were subjected to
liver transplantation. Before being removed from the donor
animal, the livers were randomised into two groups: group 1
– pre-procurement ischaemia (15 minutes’ temporary arrest
of portal venous and hepatic arterial inflow to the liver, followed by reperfusion of these vessels for a period of 15 minutes); group 2 – no prior inflow occlusion (control group). In
group 1 a spleno-jugular bypass was established to prevent
venous congestion, portal venous hypertension, intestinal
oedema and bacterial translocation. The livers were perfused with Eurocollins solution (4oC), after which they were
stored on ice for a period of 3 hours’ cold ischaemic time.
Hepatocellular injury was assessed according to liver cell
function tests (aspartate aminotransferase, AST), biochemical indicators of reperfusion injury (malondialdehyde) and
histopathology.
Results. There was a significant rise of AST in both groups
1 hour after transplantation (from 51±27 IU/l to 357±152 IU/l
in group 1 and from 29±10 IU/l to 359±198 IU/l in group 2).
AST levels were marginally lower in group 1 at 2 and 4 hours
after transplantation. There was also a rise in malondialdehyde levels in both groups at 5, 20, 40 and 60 minutes after
transplantation. Levels of malondialdehyde were lower in
the primed group at 5, 20 and 40 minutes, while the levels
at 60 minutes after transplantation were comparable. Histological changes, as measured by vacuolisation, neutrophil
infiltration and hepatic cell necrosis, were less in livers transplanted after ischaemic preconditioning, although the difference was not significant.
Conclusions. Ischaemic preconditioning of the donor liver
seems to decrease hepatocellular damage, reperfusion injury and histological changes in the liver after transplantation.
Further studies with larger numbers are indicated.

122

pg 122-126.indd 122

VOL 45, NO. 4, november 2007

The protection of the myocardium by ischaemic preconditioning (IP) has been well established.1,2 Recently there have
been several studies indicating that a similar process exists
in the liver.3,4 The exact mechanism of IP has not yet been
clarified. There is ample evidence that toxic oxygen radicals
play the crucial role in preservation-reperfusion injury.5,6 It
is therefore likely that free radicals are also involved in IP.
Indeed, a recent study shows that intermittent pedicle clamping lessens free radical production when compared with
continuous clamping in an experimental model.7 Nearly all
experiments so far have been performed in small laboratory
animals. To our knowledge, there have been no reports of IP
in large mammals. The present study was designed to clarify
the protective effect of IP on ischaemia-reperfusion injury
after porcine liver transplantation.

Material and methods
The experiment was approved by the University of Cape
Town Ethics Committee. The ‘Principles of laboratory animal care’ (NIH publication No. 86-23, revised 1985) were
followed. Ten white X Landrace pigs were subjected to liver
transplantation. The livers were stored on ice after perfusion
with Eurocollins solution (4oC) for a period of 3 hours’ cold
ischaemic time. Before liver transplantation the animals were
randomised into two groups (group 1 – ischaemic priming
(IP) 15 minutes, reperfusion 15 minutes; group 2 – no ischaemic priming).

Operative technique
The experimental protocol was approved by the Animal
Research Review Committee of the University of Cape Town.
Ten young Large White X Landrace pigs of either sex and
weighing 20 - 30 kg were fasted overnight and anaesthetised
with intravenous sodium thiopentone (2 mg/kg). Anaesthesia
was maintained with nitrous oxide and oxygen administered
through an endotracheal tube. Catheters (Fr 8) were inserted
into the common carotid artery for monitoring of blood pressure and for sampling of arterial blood, and into the internal
jugular vein for the infusion of intravenous fluids. The ani-
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mals were subjected to orthotopic liver transplantation using
the technique described previously.8

Donor operation
The abdomen was explored via a midline incision extending
from the xiphisternum to the symphysis pubis. After hilar dissection and mobilisation of the suprahepatic and infrahepatic
vena cava, the pigs were randomised into two groups: group
1 – IP 15 minutes, reperfusion 15 minutes; group 2 – no
priming (control group).
In group 1 the inflow to the liver was arrested by clamping the portal vein as well as the hepatic artery for a duration of 15 minutes. The clamps were then taken off and the
liver reperfused with both hepatic arterial and portal venous
blood. A spleno-jugular bypass was established prior to
clamping to prevent venous congestion, portal venous hypertension, intestinal oedema and bacterial translocation.
In group 2 the liver vessels were isolated but not clamped
and the abdomen was left open for 30 minutes, to keep the
total anaesthetic time similar in both groups. No splenojugular bypass was inserted in the control group. After this
the animal was heparinised and a catheter inserted into the
portal vein for initial flushing. Eurocollins solution was used
instead of University of Wisconsin solution to reduce costs.
The liver was then excised during in situ flushing with icecold Eurocollins solution through the portal vein. Flushing
of the liver with Eurocollins solution was continued on the
back-table. Seven hundred millilitres was used to flush the
portal vein, 100 ml to flush the hepatic artery and 100 ml
to flush the bile duct. The remaining fluid was placed in the
storage plastic bag containing the liver.

Storage
The donor liver was placed in a plastic bag with Eurocollins
solution and stored on ice for 3 hours, since long storage
times are associated with poor survival in the porcine liver
transplantation model.

Recipient operation
The preparation of the liver was as described above. After
dissection of the hilum of the liver and the suprahepatic and
infrahepatic vena cavae, the animal was heparinised and passive spleno-jugular venous bypass established. The recipient
liver was excised, and the donor liver implanted by anastomosing the suprahepatic vena cava, infrahepatic vena cava,
portal vein, hepatic artery and bile duct.

Perioperative management
During the operation the animals received an infusion of
plasmalyte B with 10% dextrose and 300 ml of donor blood
to maintain haemodynamic stability. Postoperatively the pigs
were returned to warmed cages and intravenous infusion
continued for 1 day.

Blood sampling
The time at which the liver was reperfused with both portal
venous blood and arterial blood was set as the zero point
(‘0 minutes’). Times before reperfusion (negative time scale)
and after completed reperfusion (positive time scale) were
recorded.
As previous studies have shown that the first hour is the
most sensitive period in which to demonstrate alterations in
the reperfusion injury markers, blood samples were taken

preoperatively, before pre-clamping (the hilar vessels), post
clamping (the hilar vessels) and post reperfusion in group
1 and at base level, pre-reperfusion and at 5, 20, 40 and 60
minutes after total reperfusion in groups 1 and 2 for assessment of the reperfusion injury.
The hepatocellular injury related to the reperfusion injury
was determined in the first 24 hours. Blood samples were
taken preoperatively (baseline in donor and recipient) and at
1 hour, 2 hours and 4 hours after transplantation for serum
aspartate aminotransferase (AST) levels as a marker of the
hepatocellular injury.
Plasma malondialdehyde (MDA) levels were determined
by the thiobarbituric assay as described by Lepage et al.9
2-thiobarbituric acid (TBA) was added to deproteinised
plasma and the reaction between the MDA and TBA, under
conditions of low pH and high temperature, yielded a chromogenic adduct that was detectable by fluorometry.
Serum AST levels were determined spectrophotometrically
using a continuous monitoring assay.
All statistics were calculated according to the method of
the least significant difference (general ANOVA) as decribed
by Snedecor and Cochran.10

Histology
Three liver biopsies were taken from the transplanted liver in
each group. The first liver biopsy was taken immediately after
removal of the donor liver at the dissection table, the second
immediately after the cold storage period and the third 1
hour after transplantation. All liver biopsies were taken as a 1
cm × 1 cm wedge from the anterior border of the right lobe
of the liver. The liver surface was secured with chromic catgut
(2.0).

Technique
Tissues were fixed in a buffered 10% formalin solution.
Following fixing the specimens were processed automatically
in a tissue processor overnight, through alcohol 70%, 96%
and absolute alcohol, xylol to paraffin wax. The tissues were
then embedded in paraffin wax for cutting. Sections were cut
with the aid of a microtome 2 µm thick, floated onto glass
slides and fixed onto the slide with aid of heat (55 - 60oC).
The sections were stained using Mayer’s haematoxylin eosin
method.11
The sections of the liver were assessed for the following
features: (i) hepatocyte vacuolisation; (ii) single-cell necrosis
of the hepatocytes; (iii) group-cell necrosis of the hepatocytes; and (iv) infiltration of neutrophils. Morphometric
analysis of the histological indicators was performed on a
semi-quantitative assessment of changes based on a score
from 0 to 5, in which zero represents normal tissue, and
the score increases gradually from 1 (representing minimal
changes) to 5 (representing severe alteration from normal
tissue). Two independent pathologists, with experience in the
transplantation field, assessed all sections blinded as to the
experimental groups.

Results
AST results are shown in Fig. 1. There was a significant rise
of AST in both groups 1 hour after transplantation (from
51±27 IU/l to 357±152 IU/l in group 1 and from 29±10 IU/l
to 359±198 IU/l in group 2). AST levels were marginally
lower in group 1 at 2 and 4 hours after transplantation.
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plantation. Although there was an increase over time in both
groups, the difference remained comparable at the various
biopsy times. The differences
were
not statistically significant.
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Fig. 1. Peripheral venous levels of AST (IU) post transplantation at various times (group 1 = ischaemic
preconditioning; group 2 = control).

1
0.5
0
base

Figure 1
Results of MDA levels are shown in Fig. 2. Levels rose
after transplantation in both groups at 5, 20, 40 and 60
minutes. Levels of MDA were lower in the primed group at
5, 20 and 40 minutes, while the levels at 60 minutes after
transplantation were comparable, but the difference was not
statistically significant.
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Fig. 4. Mean neutrophil infiltration after liver transplantation in both groups in a semi-quantitative score (group
1 = ischaemic preconditioning; group 2 = control).

Figure 4

Results of hepatic single-cell necrosis are demonstrated
in Fig. 5. Although there was an increase of liver single-cell
necrosis in both groups, there was less single-cell necrosis in
group 1 at base, post storage and post transplantation. The
difference between the two groups remained comparable.
The differences were not statistically significant.
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Fig. 2. Arterial levels of malondialdehyde (µmol/l) in both
groups at the various times (group 1 = ischaemic
preconditioning; group 2 = control).
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Vacuolisation results are shown in Fig. 3. There was an
increase of vacuolisation in both groups during the procedure. There was less vacuolisation in group 1 at base, post
storage and post transplantation. The difference was greatest
at base and the least post transplantation, but neither was
statistically significant.
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Fig. 5. Mean single-cell necrosis after liver transplantation in both groups (group 1 = ischaemic preconditioning;
group 2 = control).

Results of hepatic group-cell necrosis are shown in Fig. 6.
There was an increase in hepatic group-cell necrosis in both
groups. There was less group-cell
Figure 5necrosis in liver transplanted after IP at base, post storage and post transplantation. The
difference between the two groups remained comparable
during the procedure. The differences were not statistically
significant.
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Fig. 3. Mean hepatocyte vacuolisation after liver transplantation in both groups in a semi-quantitative score from 0 to 5
(group 1 = ischaemic preconditioning; group 2 = control).
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3 are shown in Fig. 4.
There was less neutrophil infiltration in the livers that were
transplanted after IP at base, post storage and post trans-
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Fig. 6. Mean group-cell necrosis in the both groups after
liver transplantation in a semi-quantitative score (group 1 =
ischaemic preconditioning; group 2 = control).
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Discussion
Since 1986, when the first preconditioning studies were
reported, 1 there has been a considerable interest in this
phenomenon. Although the original studies were limited to
ischaemic injury of the heart, research quickly extended into
various fields and preconditioning studies have now been
performed in central nervous system, skeletal muscle and
recently also in kidney and liver.3 Many studies have been
performed to elucidate the effects of IP,12-16 but there is no
certainty that any beneficial effects claimed represent causes,
effects or epiphenomena.17 Although its clinical therapeutic
effect has so far been limited to minimally invasive coronary
artery bypass surgery,18 it is likely that future specialists will
see the implementation of IP in a wide range of surgical
patients.
The potential use of IP in liver surgery is twofold: IP as a
protective mechanism in liver resections and IP as a protective mechanism before transplantation.
Rats preconditioned with 5 minutes of portal triad clamping showed improved survival and lower liver enzyme levels
after 90 minutes’ ischaemia19 and improved survival in 80%
hepatectomy after IP.3,4 These studies were performed in rats,
with few studies reported on large laboratory animals and
even fewer clinical studies. Van Gulik’s group reported that
intermittent hepatic vascular inflow occlusion during prolonged liver ischaemia in pigs resulted in less microcirculatory and hepatocellular injury.20 A further clinical controlled
study clearly demonstrated better parenchymal tolerance to
intermittent rather than continuous IP.21
Nearly all research has focused on the effect of IP on liver
resection. Primary non-function of the transplanted liver still
occurs at an unacceptably high rate (up to 20%) and continues to be a major cause of death after transplantation,22 while
there is evidence that severe reperfusion injury is also associated with an increased incidence of liver graft rejection.23 We
studied the effect of IP on reperfusion injury markers in a
experimental pig model.
In liver transplantation, the liver undergoes a significant
preservation-reperfusion injury. Normally the liver is transported on ice at 4oC and stored for several hours. It would
therefore be advantageous to precondition the liver before
excision with a period of ischaemia. The study protocol was
designed to test the thesis that warm IP could be of clinical
benefit in reducing preservation and reperfusion injury.
AST is a well-established marker for hepatocellular injury. Reperfusion injury is known to be mediated, at least
in part, by the formation of reactive oxygen metabolites,
which damage a spectrum of bio-molecules found in tissues,
including membrane lipids. Peroxidation of these membrane
lipids results in the formation of malondialdehyde, which can
therefore be used as a marker of reperfusion injury.24 It is well
known that routine histopathological findings in biopsy specimens taken within hours after completed revascularisation
can, with reasonable accuracy, predict poor allograft function
during the first few postoperative weeks.25
Results of this study indicate that there are potential
advantages from IP in clinical liver transplantation. Further
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experimental studies with greater numbers are indicated to
elucidate the significance and the underlying mechanisms of
this promising technique.
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