Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/20/11

For personal use only.

Free Rad. Res., Vol. 30, pp. 463469
Reprints available directly from the publisher
Photocopying permitted by license only

© 1999 OPA (Overseas Publishers Association) N.V.
Published by license under

the Harwood Academic Publishers imprint,

part of The Gordon and Breach Publishing Group.
Printed in Malaysia.

Normothermic Liver Ischemia and Antioxidant
Treatment during Hepatic Resections

H. CERWENKA®*, G. KHOSCHSORURY®, H. BACHER?, G. WERKGARTNER?, A. EL-SHABRAWI?,
F. QUEHENBERGERS, H. RABL? and H.J. MISCHINGER?

2Department of General Surgery, ®Department of Clinical Chemistry and Laboratory Medicine (BLI), “Institute of Medical
Statistics, Karl-Franzens University School of Medicine, Auenbruggerplatz 29, A-8036 Graz, Austria

Accepted by Prof. B. Halliwell
(Received 2 November 1998; In revised form 30 November 1998)

The purpose of our study was to evaluate the clinical
impact of reperfusion injury after normothermic ische-
mia during major liver resections and the effect of an
intraoperative antioxidant infusion.

This prospective randomized study comprised 50
patients; half of them (treatment group) were given an
antioxidant infusion containing tocopherol and ascor-
bate immediately prior to reperfusion onset. Venous
blood samples for the determination of MDA-TBARS
(malondialdehyde-thiobarbituric acid reactive sub-
stances) by a HPLC-based test as a marker of lipid
peroxidation were taken prior to ischemia, 30 min after
reperfusion onset and at the end of the operation.

In the control group there was a significant increase of
MDA-TBARS (p=0.001) at 30min after reperfusion
onset. At the end of the operation the values had
returned to the initial level. The treatment group
showed only a marginal increase (p-value for the
difference between the two groups: 0.007). After
exclusion of the patients with histologically proven
advanced cirrhosis the increase in the control group
(p < 0.001) and the difference between the increase in
the two groups (p=0.001) became more significant.
Prothrombin time was also significantly better in the
treatment group (p=0.003). Postoperative complica-
tions such as prolonged liver failure, bleeding disorders
and infections were seen more often in the control

group.

In our study MDA-TBARS was increased after liver
ischemia, but in patients with advanced cirrhosis the
effect was smaller or even absent. This increase and
possible clinical consequences of reperfusion injury
could be reduced by intraoperative administration of
an antioxidant infusion.

Keywords: Ischemia-reperfusion injury, normothermic liver
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INTRODUCTION

Many experimental studies have suggested a
causative role of free oxygen species and lipid
peroxidation for ischemia-reperfusion injury of
the liver," ™ but there are little data on the
consequences of this observation after normo-
thermic liver ischemia used during liver resec-
tions in humans.">'¥ In a precursor study
we have seen an improved postischemic course
of such liver parameters as prothrombin time
and transaminases in patients receiving an
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antioxidant cocktail containing tocopherol and
ascorbate immediately before the start of reper-
fusion." The aim of this study was to determine
whether this cocktail could decrease the extent of
postischemic lipid peroxidation measured as
MDA-TBARS (malondialdehyde-thiobarbituric
acid-reactive substances) and postoperative com-
plications such as prolonged liver failure, bieed-
ing disorders and infections. Inhibition of the
transient increase of lipid peroxidation products
during reperfusion had been previously shown
with this treatment in kidney transplant recipi-
ents, with significant improvement of organ
function,™® and in revascularization operations
with significant reduction of postoperative leg
edema.'®!

PATIENTS AND METHODS

This prospective, randomized, double-blinded
study comprised 50 patients undergoing major
liver surgery including normothermic liver isc-
hemia. In order to get comparable conditions liver
ischemia was induced by uninterrupted portal
triad clamping (Pringle manoeuvre) in all pa-
tients. Twenty-five patients (treatment group)
received an antioxidant multivitamin infusion
using two ampoules of Omnibionta® prior to
reperfusion. One ampoule (10 ml) contains 5.5 mg
retinol palmitate, 50 mg thiamine chloride-hydro-
chloride, 10 mg riboflavin 5-phosphate, 100 mg
nicotinamide, 25 mg dexpanthenol, 15mg pyri-
doxine hydrochloride, 500 mg ascorbate, 5mg
alpha-tocopherol acetate, 150 mg benzyl alcohol,
500 mg polysorbate 80, 1.0mg DL-alpha-toco-
pherol, 200 mg propylene glycol, 2500mg gly-
cerine 85%, 360 mg trometamol and water 10 ml.

Indications for surgical intervention were he-
patic metastases (19 patients), hepatocellular
carcinoma (13), intrahepatic cholangiocellular
carcinoma (3), focal nodular hyperplasia (5),
hemangioma (3), liver adenoma (1), hydatid cysts
(4) and other liver cysts (2). The mean duration of
warm ischemia was 54.3min in the treatment

group and 52.3 min in the control group (median
values 55 min in both groups). Preoperative liver
function, the extent of the liver resections and the
duration of ischemia were comparable in both
groups. All the liver resections were performed
by the same team and by a standardized proce-
dure employing the Cavitron Ultrasonic Aspira-
tor (CUSA) for the parenchymal dissection.
Venous blood samples were taken prior to
ischemia, 30 min after reperfusion onset and at
the end of the operation. Prior to this study we
have compared liver function parameters and
MDA-TBARS measured in blood samples taken
simultaneously from the central venous line, from
the arterial line and from a radiologically placed
liver vein catheter in eight patients and no
appreciable differences were found (unpublished
data). In this study the central venous line was
used (after rejecting the first 20 ml of blood) and
possible falsification by hemodilution was ex-
cluded by determination of the hematocrit
values. MDA-TBARS was measured according
to the method of Wong et al.!"”! which is reported
elsewhere."® Quantification of lipid peroxida-
tion by determination of MDA-TBARS is practic-
able under clinical conditions and the high
pressure liquid chromatography we use is very
reliable and quite insensitive to disturbing fac-
tors.!""?!! The measurements in the groups were
described as mean and standard deviation. Dif-
ferences between the groups were evaluated
by Mann-Whitney test, differences between the
measuring points in one patient were evaluated
by Wilcoxon Signed Ranks test. A p-value below
0.05 was considered to be statistically significant.

RESULTS

In the control group the mean value for MDA-
TBARS was 0.70nmol/ml (standard deviation,
SD=0.14); this rose to 0.89 (SD=0.25) during
reperfusion. At the end of the operation it had
returned to 0.71 (SD=0.16). The difference be-
tween the pre- and postischemic values was
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FIGURE 1 Postischemic increase of MDA-TBARS in the
treatment (not significant) and in the control groups
(p=0.001): (I) pre-ischemic; (II) 30 min after reperfusion on-
set; and (II) end of operation. p-value for the difference
between the increase in the two groups: 0.007.

statistically significant (p=0.001, Figure 1). In
contrast, the treatment group showed only a
marginal increase from 0.71 (SD=0.18) to 0.72
(SD =0.19) after ischemia (p =0.7:n.s.); at the end
of the operation the values were slightly lower
than initial (0.68, SD = 0.20).

The difference between the increase in the
treatment and in the control group was significant
(p=0.007). The exclusion of patients with ad-
vanced cirrhosis (histologically proven diagnosis
in six patients in the treatment and seven patients
in the control group) made the increase in the
control group more obvious (from 0.70 (SD = 0.14)
to 0.98 (SD =0.21), p < 0.001). The differences in
the increase of MDA-TBARS between the control
and the treatment group then became even more
statistically significant (p =0.001, Figure 2). Inter-
estingly, in patients with advanced cirrhosis the
postischemic increase of MDA-TBARS was re-
duced or even absent.

The clotting factors turned out to be a very
efficient parameter for the assessment of acute
liver cell damage. The prothrombin time (activity
of clotting factors I, 11, V, VII, X) showed signifi-
cantly better postischemic values in the treatment

- group. Whereas in the control group the mean
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FIGURE 2 Postischemic increase of MDA-TBARS in the
treatment (not significant) and in the control groups
(p < 0.001) after exclusion of patients with advanced cirrho-
sis. p-value for the difference between the increase in the
two groups: 0.001.
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FIGURE 3 Postischemic decrease of prothrombin time (%)
in the treatment (p=0.01) and in the control group
(p < 0.001). p-value for the difference between the decrease
in the two groups: 0.003.

values fell from 845% (SD=164) to 62.9%
(SD=15.2, 30min after reperfusion onset) and
to 58.5% (SD =19.1, end of the operation), in the
treatment group they only decreased from
81% (SD=13.1) to 75.6% (SD =16.6) and 71.2%
(SD = 15.1). The p-value for the difference in the
decrease between the two groups was <0.001 at
30 min after reperfusion onset and 0.003 at the
end of the operation (Figure 3).
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As for the transaminases, there was an increase
of AST (aspartate transaminase) from 11.8U/L
(SD=9.8) to 270U/L (SD=234) and 369U/L
(SD=351) in the control group as compared to
95U/L (SD=4.3) to 204U/L (SD=238) and
261 U/L (SD=302) in the treatment group. For
ALT (alanine transaminase) it was 13.2U/L
(SD=9.9) - 297 U/L (SD=309) - 415U/L (SD=
457) and 11.3U/L (SD=9.1) - 221U/L (SD=
233) - 276 U/L (SD=311) respectively. As in
our previous study,"* the differences were not
significant (p=0.14 and 0.26, respectively). The
mean values for hematocrit were 34% (SD=
54)-31% (SD = 4.6)-35% (SD = 4.0) in the control
group and 33% (SD=3.6) — 32% (SD =4.4) - 35%
(SD =3.4) in the treatment group.

There were also some differences in the clinical
course between the two groups attributable to
differences in the synthetic capacity of the liver:
In the control group more patients had post-
operative infections (five patients, including one
subphrenic abscess) and bleeding disorders asso-
ciated with coagulopathy (one reoperation for
diffuse bleeding, one large hematoma of the
abdominal wall and one patient with relapsing
epistaxis). In contrast, no infections or bleeding
problems were seen in the treatment group.
Prolonged postoperative recovery of liver func-
tion with bilirubin above 5mg/dl for more than
one week was seen in four patients of the control
group and in one patient of the treatment
group. No side effects of the antioxidant infusion
were found.

DISCUSSION

Formation of reactive oxygen species and peroxi-
dation of phospholipid fatty acids constitute the
starting point of a cascade of cytotoxic reac-
tions”> ! and in clinical life the patient is
often seen at the end point of this cascade. In
contrast to oxidative stress induced by toxic
agents, drugs, hemorrhagic shock or arterial
occlusive disease, liver ischemia during hepatic

resections is one of the rare clinical situations in
which the duration of ischemia is exactly known
and the beginning of reperfusion is clearly
defined. Reactive oxygen species interact with
polyunsaturated fatty acids”>**"! at the cell mem-
brane level, resulting in the formation of several
oxygenated compounds (lipoperoxides) whose
hydrolysis produces several aldehydes, the best
represented being MDA, a degradation product
of peroxidized fatty acids.® Our previous stud-
ies on revascularization operations had shown
that a peak of lipid peroxidation products such
as MDA is to be expected shortly after reperfu-
sion onset %181

During liver resections we demonstrated that
30 min after reperfusion onset the MDA values
were significantly higher than prior to ischemia.
In contrast, in the treatment group the MDA
values remained stable, showed only a small
increase or even decreased. Omnibionta® was
chosen because it was already in clinical use,
its antioxidant effect had been proven in other
clinical conditions,>*®! and it contains the syner-
gistic vitamins tocopherol and ascorbate.!*?*3%1
The antioxidant function and requirement for
vitamin E seem to be related to the status of
vitamin C. It appears that ascorbic acid may react
directly with free radicals as well as intermediates
of tocopherol oxidation and may thus spare the
oxidative degradation of vitamin E.P*3>40-#3
Of course we cannot exclude that other compo-
nents of this cocktail play an important role
as well.

We believe that the accurate timing of admin-
istration of the antioxidant infusion is essential.
The transient time dependent increase in
MDA after reperfusion onset led us to assume
that the therapeutic window would be limited
to a short time prior to or just upon the start of
reperfusion.’® The increase of MDA in the
control group was associated with a higher
number of clinical postoperative complications
(attributable to the synthetic capacity of the liver)
as compared to the treatment group, although
there were no differences in preoperative liver
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function, in the extent and in the technique of
the resections.

Fluctuations of MDA may be explained by
difficulties in measuring the extent of lipid
peroxidation under clinical conditions. Only part
of the lipid hydroperoxides are converted into
MDA, "] the conversion of lipid hydroper-
oxides to MDA varies depending on conditions
like acidity or temperature and lipid hydro-
peroxides are not the only source of MDA
in biological systems.”? Last but not least,
lipid hydroperoxides and their secondary pro-
ducts such as aldehydes can readily be meta-
bolized,***? 5o they may be present only for a
very short period of time.

Interestingly, the increase of MDA was smaller
or even missing in patients with advanced
cirrhosis. Increased lipoperoxide levels have been
reported in patients with various liver dis-
eases,®" but normal lipoperoxide levels have
been shown in patients with advanced liver
cirrhosis®" and may be explained by polyunsa-
turated fatty acid deficiency®>>® reducing the
substrate availability for lipoperoxide formation
as well as to a reduction of superoxide dismu-
tase’® in these patients. Under these circum-
stances, these patients may be described as “burnt
out”; a similar observation has been made in
patients with severe chronic peripheral arterial
occlusive disease.!'!

We conclude that in our study lipid peroxida-
tion assessed by MDA-TBARS was less pro-
nounced, liver function parameters were better
and postoperative complications were seen more
rarely in patients receiving the antioxidant cock-
tail and that ischemia-reperfusion injury could be
alleviated in this way. In patients with advanced
cirrhosis, however, the mechanisms of lipid
peroxidation seem to be reduced. Of course,
tolerance of the operation also depends on other
factors, such as blood loss and functional capacity
of the liver remnant, especially in cirrhotic
patients. Although our experiences are very
promising so far, much work remains to be done
to find out if the protective effect could be

strengthened by variation of dosage, multiple
administration or other antioxidants.
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