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A B S T R A C T

Background

Vascular occlusion used during elective liver resection to reduce blood loss results in significant ischaemia reperfusion (IR) injury. This in
turn leads to significant postoperative liver dysfunction and morbidity. Various pharmacological drugs have been used in experimental
settings to ameliorate the ischaemia reperfusion injury in liver resections.

Objectives

To assess the relative benefits and harms of using one pharmacological intervention versus another pharmacological intervention to
decrease ischaemia reperfusion injury during liver resections where vascular occlusion was performed during the surgery.

Search methods

We searched The Cochrane Hepato-Biliary Group Controlled Trials Register, the Cochrane Central Register of Controlled Trials (CENTRAL) in
The Cochrane Library, MEDLINE, EMBASE, and Science Citation Index Expanded until January 2009.

Selection criteria

We included randomised clinical trials, irrespective of language or publication status, comparing one pharmacological agent versus
another pharmacological agent during elective liver resections with vascular occlusion.

Data collection and analysis

Two authors independently identified trials for inclusion and independently extracted data. We analysed the data with both the fixed-
eGect and the random-eGects models using RevMan Analysis. We planned to calculate the risk ratio (RR) or mean diGerence (MD) with 95%
confidence intervals (CI) based on intention-to-treat analysis or available case analysis. However, all outcomes were only reported on by
single trials, and meta-analysis could not be performed. Therefore, we performed Fisher's exact test on dichotomous outcomes.

Main results

We identified a total of five randomised trials evaluating nine diGerent pharmacological interventions (amrinone, prostaglandin E1,
pentoxifylline, dopexamine, dopamine, ulinastatin, gantaile, sevoflurane, and propofol). All trials had high risk of bias. There was no
significant diGerence between the groups in mortality, liver failure, or perioperative morbidity. The ulinastatin group had significantly lower
postoperative enzyme markers of liver injury compared with the gantaile group. None of the other comparisons showed any diGerence in
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any of the other outcomes. However, there is a high risk of type I and type II errors because of the few trials included, the small sample
size in each trial, and the risk of bias.

Authors' conclusions

Ulinastatin may have a protective eGect against ischaemia reperfusion injury relative to gantaile in elective liver resections performed
under vascular occlusion. The absolute benefit of this drug agent remains unknown. None of the drugs can be recommended for routine
clinical practice. Considering that none of the drugs have proven to be useful to decrease ischaemia reperfusion injury, such trials should
include a group of patients who do not receive any active intervention whenever possible to determine the pharmacological drug's
absolute eGects on ischaemia reperfusion injury in liver resections.

P L A I N   L A N G U A G E   S U M M A R Y

No clear evidence that any pharmacological intervention is better than another in decreasing ischaemia reperfusion injury in liver
resections

Elective liver surgery undertaken for a variety of reasons may require occlusion of the blood supply to the liver in order to reduce bleeding
from the cut liver surface. This temporary interruption of blood supply causes liver damage for a variety of reasons. In experimental
studies many drugs have shown some promise in decreasing liver damage caused by the occluded blood supply. The relative benefits
of pharmacological agents compared with one another is unknown in the setting of liver damage caused by occlusion of the blood
supply to the liver during surgery. We identified a total of five randomised trials evaluating nine diGerent pharmacological interventions
(amrinone, prostaglandin E1, pentoxifylline, dopexamine, dopamine, ulinastatin, gantaile, sevoflurane, and propofol). All trials had risk of
bias ('systematic error') and risk of play of chance ('random errors'). There was no significant diGerence between the groups in mortality,
liver failure, or postoperative complications. The ulinastatin group had significantly lower postoperative enzyme markers of liver injury
compared with the gantaile group. None of the remaining pharmacological agents showed any significant diGerence in any of the remaining
outcomes. However, there is a high risk of type I (erroneously concluding that an intervention is beneficial when it is actually not beneficial)
and type II errors (erroneously concluding that an intervention is not beneficial when it is actually beneficial) because of the few trials
included, the small sample size in each trial, and the risk of bias. Ulinastatin may have a protective eGect relative to gantaile against liver
injury sustained during elective liver surgery involving blood supply occlusion. The absolute benefit of ulinastatin in this setting remains
unknown. None of the pharmacological agents can be recommended for routine clinical practice. Considering that none of the agents have
been proven to be useful to decrease ischaemia reperfusion injury, such trials should include a group of patients who do not receive any
active intervention whenever possible to determine their absolute eGect on ischaemia reperfusion injury in liver resections.
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B A C K G R O U N D

Elective liver resection is performed mainly for benign and
malignant liver tumours (Belghiti 1993). The malignant tumours
may arise primarily within the liver (hepatocellular carcinoma and
cholangiocarcinoma) or be metastases from malignancies of other
organs (Belghiti 1993; Chouker 2005). More than 1000 elective liver
resections are performed annually in the United Kingdom alone
(HES 2005).

The liver is subdivided into eight Couinaud segments (Couinaud
1999), which can be removed either individually or by right hemi-
hepatectomy (Couinaud segments 5 to 8), leL hemi-hepatectomy
(segments 2 to 4), right trisectionectomy (segments 4 to 8), or
leL trisectionectomy (segments 2 to 5 and 8 ±1) (Strasberg 2000).
Although every liver resection is considered major surgery, only
resection of three or more segments is considered a major liver
resection (Belghiti 1993).

Blood loss during liver resection is one of the important factors
aGecting the perioperative outcomes of patients (Shimada 1998;
Yoshimura 2004; Ibrahim 2006). One of the methods that has been
attempted to reduce blood loss during liver resection involves
occluding the blood flow to the liver. Various methods of vascular
occlusion have been attempted (Gurusamy 2009a). While the
incidence of liver failure was not increased by most types of
vascular occlusion, the enzymes indicative of liver parenchymal
injury are elevated aLer vascular occlusion (Gurusamy 2009b)
resulting in a variable degree of ischaemia reperfusion (IR) injury of
the liver.

Ischaemia-reperfusion injury of the liver is a complex multi-
path process. During the ischaemic phase mitochondrial oxidative
phosphorylation is disrupted and adenosine tri-phosphate
(ATP) production is decreased leading to intracellular sodium
accumulation and subsequent cellular damage. At the same time
endothelial cells are primed to express surface adhesion molecules
(Kupiec 2005). The reperfusion phase activates Kuppfer cells and
T cells, leading to increased production of pro inflammatory
cytokines and reactive oxygen species (Kupiec 2005). Neutrophils
are recruited and activated resulting in propagation of the
inflammatory cascade (Kupiec 2005). Many methods have been
attempted to decrease the ischaemia reperfusion injury associated
with prolonged duration of vascular occlusion including the use
of ischaemic preconditioning (Azoulay 2006; Smyrniotis 2006;
Gurusamy 2009c), in-situ cooling (Kim 1996; Azoulay 2005), and
the use of pharmacological agents. The various pharmacological
agents that have been shown to ameliorate liver ischaemia
reperfusion injury in experimental studies are discussed elsewhere
(Koti 2003; Galaris 2006; Georgiev 2006). The relative eGicacy of
one pharmacological agent compared to a second pharmacological
agent is important regardless of whether the absolute eGect of
the agent in reducing ischaemia reperfusion injury is known or
not. This may determine which of the drugs that are of the
same class or have similar mechanisms of action (eg, general
anaesthetic agents) should be used in liver resection surgery
performed under vascular control to reduce ischaemia reperfusion
injury. For example, if either one of a drug 'A' or a drug 'B' is
commonly used to anaesthetise patients undergoing liver resection
surgery under vascular occlusion, then knowing which of drug 'A'
or 'B' significantly reduces ischaemia reperfusion injury relative
to one another, regardless of the absolute eGect of each drug on

ischaemia reperfusion injury, would guide clinicians in their choice
of a drug.

We were not able to identify any systematic reviews or meta-
analyses comparing one pharmacological intervention versus
another pharmacological intervention to decrease ischaemia
reperfusion injury in liver resections performed under vascular
control.

O B J E C T I V E S

To assess the relative benefits and harms of a pharmacological
intervention versus another pharmacological intervention to
decrease ischaemia reperfusion injury during liver resection where
vascular occlusion was undertaken during the surgery.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included only randomised clinical trials, irrespective of
language, blinding, or publication status. We excluded quasi-
randomised studies (where the methods of allocating participants
to a treatment are not strictly random, for example, date of
birth, hospital record number, alternation) regarding benefits but
planned to include them for adverse events resulting directly from
the pharmacological intervention. However, we did not identify any
such trials.

Types of participants

Patients who underwent elective liver resection surgery with
vascular occlusion irrespective of the liver background (cirrhosis,
steatosis, or normal liver); or the method and duration of the
vascular occlusion; and whether ischaemic preconditioning was
used or not.

Types of interventions

We included trials comparing one or more pharmacological
interventions versus another pharmacological intervention,
irrespective of the time, dose or pharmacological class of the
administered drug.

Types of outcome measures

Primary outcomes

1. Peri-operative mortality.

2. Liver decompensation/failure (however defined by authors).

Secondary outcomes

1. Peri-operative morbidity (bile leak, intra-abdominal collection,
wound infection, renal impairment).

2. Intensive therapy unit (ITU) stay.

3. Hospital stay.

4. Blood transfusion requirements.

5. Blood loss.

6. Markers of liver function (bilirubin, prothrombin time).

7. Biochemical markers of liver parenchymal injury (aspartate
aminotransferase (AST), alanine aminotransferase (ALT)).
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Search methods for identification of studies

See: Cochrane Hepato-Biliary Group methods used in reviews
(Gluud 2009).

We searched The Cochrane Hepato-Biliary Group Controlled Trials
Register ( Gluud 2009), the Cochrane Central Register of Controlled
Trials (CENTRAL) in The Cochrane Library, MEDLINE, EMBASE, and
Science Citation Index Expanded until January 2009 (Royle 2003).
We have given the search strategies in Appendix 1 with the time
span of the searches.

We also searched the references of the identified trials to identify
further relevant trials.

Data collection and analysis

Trial selection and extraction of data

We did not apply any language or publication status restrictions.
KG and MA identified the trials for inclusion, independent of each
other. We have also listed the excluded trials with the reasons for
the exclusion.

KG and MA extracted the following data independently.

1. First author.

2. Year of publication of trial.

3. Country.

4. Inclusion and exclusion criteria.

5. Sample size.

6. Pharmacological drug name and dose.

7. Operation time.

8. Type of vascular exclusion.

9. Length of vascular exclusion (ischaemic time).

10.Proportion of major resections.

11.Proportion of patients with hepatosteatosis (fatty liver).

12.Proportion of cirrhotics.

13.Outcomes mentioned above.

14.Risk of bias (see below).

Any unclear or missing information was sought by contacting the
authors of the individual trials. If there was any doubt whether
the trials shared the same patients - completely or partially (by
identifying common authors and centres) - the authors of the trials
were contacted to clarify whether the report had been duplicated.
We resolved any diGerences in opinion through discussion.

Assessment of risk of bias

The authors followed the instructions given in the Cochrane
Handbook for Systematic Reviews of Intervention (Higgins 2008)
and the Cochrane Hepato-Biliary Group Module (Gluud 2009;
Gurusamy 2009d). The authors assessed the risk of bias in the trials
independently, without masking of the trial names. Due to the risk
of overestimation of beneficial intervention eGects in randomised
trials with inadequate methodological quality (Schulz 1995; Moher
1998; Kjaergard 2001; Wood 2008), we looked at the influence of
methodological quality of the trials on the trial results by evaluating
the reported randomisation and follow-up procedures in each trial.
If information was not available in the published trial, we contacted

the authors in order to assess the trials correctly. We assessed the
following:

Generation of the allocation sequence

• Low risk of bias (if the allocation sequence was generated by a
computer or random number table, drawing of lots, tossing of
a coin, shuGling of cards, or throwing dice will be considered
as adequate if a person who was not otherwise involved in the
recruitment of participants performed the procedure).

• Uncertain risk of bias (if the trial was described as randomised,
but the method used for the allocation sequence generation was
not described).

• High risk of bias (if a system involving dates, names, or
admittance numbers were used for the allocation of patients.
These studies are known as quasi-randomised and were
excluded from the review for benefits but were considered for
inclusion for adverse eGects).

Allocation concealment

• Low risk of bias (if the allocation of patients involved a
central independent unit, on-site locked computer, or serially
numbered, opaque, sealed envelopes).

• Uncertain risk of bias (if the trial was described as randomised,
but the method used to conceal the allocation was not
described).

• High risk of bias (if the allocation sequence was known
to the investigators who assigned participants. Such quasi-
randomised studies were excluded from the review for benefits
but were considered for inclusion for adverse eGects, as
mentioned before).

Blinding

• Low risk of bias (if the trial was described as double blind).

• Uncertain risk of bias (if the trial was described as double blind,
but the method of blinding was not described).

• High risk of bias (if the trial was not double blind).

Incomplete outcome data

• Low risk of bias (the underlying reasons for missingness are
unlikely to make treatment eGects departure from plausible
values, or proper methods have been employed to handle
missing data).

• Uncertain risk of bias (there is insuGicient information to assess
whether the missing data mechanism in combination with the
method used to handle missing data is likely to induce bias on
the estimate of eGect).

• High risk of bias (the crude estimate of eGects (eg, complete case
estimate) will clearly be biased due to the underlying reasons for
missingness, and the methods used to handle missing data are
unsatisfactory).

Selective outcome reporting

• Low risk of bias (the trial protocol is available and all of the trial's
pre-specified outcomes that are of interest in the review have
been reported or similar).

• Uncertain risk of bias (there is insuGicient information to assess
whether the magnitude and direction of the observed eGect is
related to selective outcome reporting).
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• High risk of bias (perioperative mortality and liver
decompensation have not been reported or not all of the trial's
pre-specified outcomes that are of interest in the review have
been reported).

Other bias

Baseline imbalance

• Low risk of bias (there was no baseline imbalance in important
characteristics).

• Uncertain risk of bias (the baseline characteristics were not
reported).

• High risk of bias (there was a baseline imbalance due to chance
or due to imbalanced exclusion aLer randomisation).

Early stopping

• Low risk of bias (sample size calculation was reported and the
trial was not stopped or the trial was stopped early by a formal
stopping rule at a point where the likelihood of observing an
extreme intervention eGect due to chance was low).

• Uncertain risk of bias (sample size calculations were not
reported and it is not clear whether the trial was stopped early
or not).

• High risk of bias (the trial was stopped early due to an informal
stopping rule or the trial was stopped early by a formal stopping
rule at a point where the likelihood of observing an extreme
intervention eGect due to chance was high).

Academic bias

• Low risk of bias (the author of the trial has not conducted
previous trials addressing the same interventions).

• Uncertain risk of bias (It is not clear if the author has conducted
previous trials addressing the same interventions).

• High risk of bias (the author of the trial has conducted previous
trials addressing the same interventions).

Source of funding bias

• Low risk of bias (the trial's source(s) of funding did not come
from any parties that might have conflicting interest (eg, drug
manufacturer).

• Uncertain risk of bias (the source of funding was not clear).

• High risk of bias (the trial was funded by a drug manufacturer).

We considered trials, which were classified as low risk of
bias in sequence generation, allocation concealment, blinding,
incomplete data, and selective outcome reporting as trials with low
risk of bias.

Statistical methods

We performed the analyses according to the recommendations
of The Cochrane Collaboration (Higgins 2008) and the Cochrane
Hepato-Biliary Group Module (Gluud 2009) using the soLware
package RevMan 5 (RevMan 2008). For dichotomous outcomes
reported on by two or more trials, we planned to calculate the
risk ratio with 95% confidence interval. However, all dichotomous
outcomes were only reported on by single trials, and, therefore,
we performed Fisher's exact test on such outcomes. For
continuous variables, we calculated the mean diGerence with 95%
confidence interval. We planned to use the random-eGects model
(DerSimonian 1986) and the fixed-eGect model (DeMets 1987).

In case of discrepancy between the two models we planned to
report both results; otherwise we planned to report only the results
from the fixed-eGect model. However, because of the inclusion
of only one trial under each comparison, we did not perform
a meta-analysis. We planned to explore heterogeneity by chi-
squared test with significance set at P value 0.10, and the quantity

of heterogeneity was measured by I2 (Higgins 2002). However,
because of the inclusion of only one trial under each comparison,
measurement of heterogeneity was not applicable.

We performed the analysis on an intention-to-treat basis (Newell
1992) whenever possible. Otherwise, we adopted the available
case analysis. In case we found zero-event trials in statistically
significant outcomes, we planned to perform a sensitivity analysis
with and without empirical continuity correction factors as
suggested by Sweeting et al (Sweeting 2004). However, we found no
such outcomes.

Subgroup analysis

We planned to perform the following subgroup analyses.

• Trials with low risk of bias compared to trials with high risk of
bias.

• Major resection compared to minor resections.

• Cirrhosis compared to no cirrhosis.

• Steatosis compared to no steatosis

• DiGerent methods of vascular occlusion compared to each other.

• Employment of ischaemic preconditioning before vascular
occlusion compared to no employment.

None of the trials in this review were of low risk of bias. The
remaining subgroup analyses were not performed because of the
lack of the necessary information in the trial reports and because
of the few trials included under each comparison.

Bias exploration

We planned to use a funnel plot to explore bias (Egger 1997;
Macaskill 2001). We planned to use asymmetry in funnel plot of
trial size against treatment eGect to assess bias. We also planned
to perform linear regression approach described by Egger et al
to determine the funnel plot asymmetry (Egger 1997). However,
we could not explore bias using funnel plots or linear regression
because of the small number of trials included under each
comparison.

R E S U L T S

Description of studies

We identified a total of 636 references through the electronic
searches of the Cochrane Hepato-Biliary Group Controlled Trials
Register and the Cochrane Central Register of Controlled Trials
(CENTRAL) in The Cochrane Library (n = 75), MEDLINE (n = 283),
EMBASE (n = 171), and Science Citation Index Expanded (n = 107).
We excluded 161 duplicates and 427 clearly irrelevant references
through reading abstracts. Fourty eight references were retrieved
for further assessment. No references were identified through
scanning reference lists of the identified randomised trials. Of
the 48 references, we excluded 42 because of the reasons listed
under the table Characteristics of excluded studies. In total, six
publications describing five randomised trials fulfilled the inclusion
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criteria. All the five were completed trials and could provide data
for the analyses (Marx 2000; Orii 2000; Stadheim 2000; Li 2004;
Beck-Shimmer 2008). Details of the participants, interventions, and
outcomes for each of the included trials are shown in the table
Characteristics of included studies. Details of the proportion of
major liver resections, type of vascular occlusion, parenchymal
transection method used, and the mean ischaemic times are shown
in Table 1. All the trials assessed the diGerent pharmacological
agents in open liver resections.

The five trials included in this review compared the following
interventions:

1. Dopexamine versus dopamine (Marx 2000).

2. Prostaglandin E1 versus amrinone (Orii 2000).

3. Prostaglandin E1 versus pentoxifylline (Stadheim 2000).

4. Ulinastatin (protease inhibitor) versus gantaile (Li 2004).

5. Sevoflurane versus propofol (Beck-Shimmer 2008).

Risk of bias in included studies

The details of the risk of bias for each of the trials are given in the
'Risk of bias' tables under Characteristics of included studies. The
bias-risk summary across all the trials is shown in Figure 1. The bias-
risk in individual trials is shown in Figure 2. Two trials had adequate
random sequence generation (Marx 2000; Beck-Shimmer 2008).
None of the trials had adequate allocation concealment (Beck-
Shimmer 2008). One trial reported double blinding (Beck-Shimmer
2008). Two trials were free from bias regarding incomplete outcome
data (Orii 2000; Li 2004). Three trials were free from bias regarding
selective reporting (Stadheim 2000; Li 2004; Beck-Shimmer 2008).
None of the trials were free from all the other risks of bias. Because
none of the trials were considered as low risk of bias in all five of
the afore mentioned risk of bias measurements, all the trials were
considered to be at high risk of bias.

 

Figure 1.   Methodological quality graph: review authors' judgements about each methodological quality item
presented as percentages across all included studies.
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Figure 2.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.

 

E@ects of interventions

A meta-analysis could not be performed for any of the outcomes
as each comparison was only reported on by a single trial. Table
2 provides a summary of the results. For some of the outcomes
the trials only reported whether there was a significant diGerence
between the groups but did not provide numerical values. We
obtained the mean values from graphs whenever possible and
imputed the standard deviation from P values following the
guidelines of the Cochrane Handbook (Higgins 2008). However,
many of the reports did not report the exact P value, and we were
unable to impute the standard deviation. So, these results were
reported under the relevant outcomes of the relevant trials without
the eGect estimates.

Dopexamine versus dopamine

Blood transfusion requirements

There was no significant diGerence in the blood transfusion
requirements between the groups (mean diGerence (MD) -0.80
units, 95% CI -3.27 to 1.67).

Markers of liver function

There was a significantly higher prothrombin time as a percentage
of normal activity in the dopamine group compared to the
dopexamine group (MD -18.0 percentage of normal activity, 95% CI
-34.06 to -1.94) measured on the first postoperative day (POD).

Enzyme markers of liver injury

There were no significant diGerences between the two groups in the
AST or ALT levels on the first POD (AST: MD -8.0 IU/L, 95% CI -79.53
to 63.53; ALT: MD -30.0 IU/L, 95% CI -132.12 to 72.12).

Prostaglandin E1 versus amrinone

Mortality

There was no mortality in the trial evaluating this comparison (Orii
2000).

Blood loss

There was no significant diGerence in the rate of blood loss between
the groups (MD -0.03 litres, 95% CI -0.35 to 0.29).
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Enzyme markers of liver injury

Analyses of the data provided showed no significant diGerences in
AST levels between the groups on the first POD (MD -15.0 IU/L, 95%
CI -158.34 to 128.34). Furthermore, the trial reported no significant
diGerences between the groups of either the AST levels on the third
POD, or ALT levels on the first or third PODs.

Prostaglandin E1 versus pentoxifylline

Mortality

The only trial to evaluate this comparison reported no significant
diGerence in perioperative mortality (Stadheim 2000).

Liver decompensation

None of the trial participants developed post operative liver
decompensation.

Enzyme markers of liver injury

The trial reported no significant diGerences in AST or ALT levels on
the second, third, fourth, or sixth PODs.

Ulinastatin (protease inhibitor) versus gantaile

Mortality

There was no mortality in the groups in the trial evaluating this
comparison (Li 2004).

Liver decompensation

There was no significant diGerence in the rate of liver
decompensation between the groups (P = 0.33).

Postoperative morbidity

There were no significant diGerences in the rate of wound infection
(P = 0.65) or intra-abdominal infection (P > 0.99).

Hospital stay

The trial reported no significant diGerences between the groups in
the length of hospital stay (MD -3.10 days, 95% CI -7.78 to 1.58).

Blood loss

There was no significant diGerence in the rate of blood loss (MD
-0.05 litres, 95% CI -0.26 to 0.16) between the groups.

Markers of liver function

The trial reported significantly lower bilirubin levels on the third
but not the first or seventh PODs in the ulinastatin compared to the
gantaile group.

Enzyme markers of liver injury

The trial reported significantly lower AST levels on the third but not
the first or seventh PODs in the ulinastatin compared to the gantaile
group. The ALT levels were statistically significantly lower on the
first, third, and seventh PODs in the ulinastatin compared to the
control group.

Sevoflurane versus propofol

Mortality

There was one death in the sevoflurane group and one death in the
propofol group. Both deaths were due to sepsis. The diGerence in
the mortality between the two groups did not amount to statistical
significance (P > 0.99).

Liver decompensation

There was no liver decompensation in the groups in the trial
evaluating this comparison (Beck-Shimmer 2008).

Postoperative morbidity

There was no significant diGerence in the rate of postoperative
intra-abdominal infections (P = 0.24), bile leak (P > 0.99), or bleeding
(P = 0.49) between the two groups.

ITU and hospital stay

There was no significant diGerence in the length of ITU (MD -5.00
days, 95% CI -13.08 to 3.08) or hospital (MD -1.86 days, 95% CI -5.20
to 1.48) stay between the groups.

Markers of liver function

There was no significant diGerence in the peak postoperative
bilirubin levels between the groups (MD -10.80 micromoles/L, 95%
CI -34.34 to 12.74).

Enzyme markers of liver injury

There was no significant diGerence in the peak postoperative
AST levels (MD -225.82 IU/L, 95% CI -463.88 to 12.24). The peak
postoperative ALT levels were significantly lower in the sevoflurane
group (MD -254.18 IU/L, 95% CI -450.59 to -57.77).

D I S C U S S I O N

In this review we included all the trials that fulfilled the inclusion
criteria regardless of the pharmacological drug tested. This
resulted in identification of nine diGerent drugs in five diGerent
comparisons. The primary outcomes for analysis in this review were
postoperative mortality and liver decompensation or failure. The
remaining outcomes were secondary outcomes.

Dopexamine versus dopamine

Dopexamine and dopamine are catecholamines that act as
vasodilator drugs, improving liver blood flow (Kullmann 1983;
Lokhandwala 1992) and have been used with an intention of
improving liver function following hemi-hepatectomies (Kinoshita
1989).

There were no significant diGerences between the groups regarding
the primary outcomes. There were no significant diGerences
between the groups in the postoperative levels of liver enzymes.
The prothrombin time showed a significant improvement in the
dopamine group as compared with the dopexamine group. This
isolated diGerence in the prothrombin time was hypothetically
explained by the authors as a sign of a more marked activation
of the haemostasis system in the dopexamine group leading to
consumption of clotting factors in this group. The doses used for
both of the study medication were considered equipotent (Marx
2000) and there were no reported adverse events at these doses.
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Based on these results there is no evidence of a superior protective
eGect of dopexamine over dopamine or vice versa in elective
liver resections with vascular occlusion. Further trials comparing
dopamine versus placebo and dopexamine versus placebo are
warranted. Such trials are lacking (Abu-Amara 2009).

Prostaglandin E1 versus amrinone

Prostaglandin E1 is an eicosanoid that acts through
various pathways to ameliorate ischaemia reperfusion injury.
Prostaglandin E1 activates potassium ATP channels, inhibits
cellular calcium influx, and attenuates neutrophil infiltration
into tissues subjected to ischaemia reperfusion injury (Schror
1988; Hide 1995; Yamamoto 1999). Amrinone is a selective
phosphodiesterase III inhibitor leading to increased cyclic
adenosine 5'-monophosphate (cAMP) levels.

There were no reported mortalities in either group. Furthermore,
there were no significant diGerences in the postoperative liver
enzyme levels or rate of blood loss between the groups. All the
participants in this trial had cirrhotic livers and underwent minor
liver resection. The amrinone dose used was very low, less than half
the dose compared to that used in heart failure patients (Goenen
1985). The prostaglandin E1 dose was chosen based on the dose
used in other trials (Sugawara 1998). None of the groups reported
any adverse events.

Based on these results there is no evidence of a superior protective
eGect of amrinone over prostaglandin E1 or vice versa in cirrhotic
patients undergoing elective liver resections performed under
vascular occlusion.

Prostaglandin E1 versus pentoxifylline

Pentoxifylline inhibits TNF-α gene transcription leading to a
reduction in hepatocyte apoptosis following ischaemia reperfusion
(Rüdiger 2002; El-Ghoneimi 2007).

There was no diGerence in the perioperative mortality
or liver enzymes between the groups. There were no
liver decompensations postoperatively. The trial drugs were
administered pre and postoperatively. Fourty-six per cent of
participants in the pentoxifylline group developed nausea or
vomiting, or both, and failed to receive all the doses of the study
medication.

Based on these results there is no evidence of a superior protective
eGect of using pentoxifylline over prostaglandin E1 or vice versa
in elective resections performed under vascular occlusion. We lack
trials showing that prostaglandin E1 or pentoxifylline is better than
placebo (Abu-Amara 2009).

Ulinastatin (protease inhibitor) versus gantaile

Ulinastatin is a protease inhibitor that can also inhibit the adhesion
of white blood cells and release of cytokines and has been shown to
protect from ischaemia reperfusion injury in experimental studies
(Okuhama 1999). Gantaile is a Chinese herbal medicine described
as a 'liver protectant' that is commonly used in chronic liver disease.
However, systematic reviews have not found any beneficial eGects
of gantaile in these conditions (Liu 2001a; Liu 2001b).

There was no reported mortality in this clinical trial. There were
no significant diGerences in the proportion of patients with liver

decompensation, postoperative morbidity or in the length of
hospital stay between the two groups. The AST and bilirubin
levels were only transiently significantly lower in the ulinastatin
group compared with controls on the third POD. However, the ALT
levels were consistently lower postoperatively from the first to the
seventh POD in the ulinastatin group. The authors of this trial did
not allude as to how they chose the time or dose of ulinastatin
administration. There were no reported adverse events of the study
medication.

Based on these results, it seems ulinastatin may oGer a potential
protective role over and above the eGects of gantaile in elective
liver resections performed under vascular occlusion. Further trials
of good methodological quality are required of ulinastatin versus
placebo in order to assess the absolute eGects of this agent in the
setting of liver ischaemia reperfusion injury. Such trials are lacking
(Abu-Amara 2009).

Sevoflurane versus propofol

Sevoflurane is a volatile anaesthetic agent typically used for
maintenance of anaesthesia. Sevoflurane has been shown to
reduce liver ischaemia reperfusion injury by various mechanism
including improving hepatic blood flow, decreasing oxidative
stress and inflammatory cytokine release, and increasing ATP
content (Bedirli 2008). Propofol is an intravenous anaesthetic agent
typically used during anaesthesia induction. Propofol attenuates
liver ischaemia reperfusion injury by decreasing oxygen free
radical release and subsequent reduction in apoptosis (Chan 2008;
Wang 2008). Both agents are well tolerated and very commonly
used in general anaesthesia. There is evidence that sevoflurane
protects against liver ischaemia reperfusion injury in experimental
studies (Schmidt 2007). There is also evidence that other volatile
anaesthetic agents such as isoflurane posses cardioprotective
properties in the setting of coronary artery bypass graL surgery
(Belhomme 1999).

With the exception of a significant decrease in peak postoperative
ALT levels in the sevoflurane group compared with the propofol
group, none of the other primary or secondary outcomes of interest
showed a significant diGerence between the groups.

Based on these results there is no evidence of a superior protective
eGect of sevoflurane over propofol or vice versa in elective
liver resections with vascular occlusion. Further trials comparing
diGerent volatile anaesthetic agents versus controls are warranted
to assess the absolute eGects of these agents in the setting of liver
ischaemia reperfusion injury. Such trials are lacking (Abu-Amara
2009).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Ulinastatin may have a protective eGect against ischaemia
reperfusion injury relative to gantaile in elective liver resections
performed under vascular occlusion. We have no data supporting
that either ulinastatin or gantaile oGer any benefits compared with
placebo. The absolute benefits of these agents remain unknown.
None of the pharmacological agents can be recommended for
routine clinical practice.
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Implications for research

1. Further trials are needed to clarify the role of ulinastatin in
ischaemia reperfusion injury sustained during elective liver
resections under vascular occlusion.

2. Considering that none of the agents have proven useful in
decreasing ischaemia reperfusion injury, such trials should
include a group of patients who do not receive any
active intervention (a placebo) in order to determine the
pharmacological agent's absolute eGects in liver ischaemia
reperfusion injury.

3. Development of composite outcomes may be useful for design
of trials in liver resection surgery because of the low potential

for the pharmacological interventions to decrease perioperative
mortality.

4. The trials need to be conducted and reported according to
the CONSORT Statement (www.consort-statement.org) (Moher
2001).
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised clinical trial.

Participants Country: Switzerland. 
Number randomised: initially 70, post randomisation drop outs 6, final participants number 64. 
Mean age: 56 years. 
Females: 29 (45.3%). 
Cirrhotic livers: 0 
Steatotic livers: 30 (46.9%).

Inclusion criteria: 
Elective liver resection with inflow occlusion for at least 30 minutes.

Exclusion criteria: 
1. Age < 18 years old. 
2. Liver cirrhosis. 
3. Additional ablation therapies (cryosurgery or radiofrequency). 
4. Living donors. 
5. Liver resections without inflow occlusion. 

Interventions Participants were randomly assigned to two groups:

Intervention group 1: during the 30 minutes before commencing liver vascular occlusion, propofol
anaesthesia was stopped and replaced by sevoflurane. On commencing the vascular occlusion sevoflu-
rane was stopped and propofol infusion was recommenced (n = 30). 
Intervention group 2: propofol infusion was continually administered (not stopped during the 30 min-
utes preceding induction of liver ischaemia) from the start to the end of the operation (n = 34). 

Outcomes The outcomes reported were mortality, liver decompensation, intra-abdominal infections, bile leak,
postoperative bleeding, ITU stay, hospital stay, markers of liver function (bilirubin), and enzyme mark-
ers of liver injury.

Notes We contacted the authors for information regarding blinding of participants and trial investigators, and
post operative complications (questions sent January 2009; replies received February 2009). The au-
thors provided this information.

Reasons for drop-outs: intervention group 1: delay of than 30 minutes between commencing sevoflu-
rane anaesthesia and commencement of liver vascular occlusion (4); intervention group 2: liver vascu-
lar occlusion not required (2).

Risk of bias

Bias Authors' judgement Support for judgement

Adequate sequence gener-
ation?

Low risk Quote: "The randomization sequence without any stratification was generated
by computer and sealed".

Beck-Shimmer 2008 
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Allocation concealment? Unclear risk Quote: "consecutively numbered envelopes provided concealment of random
allocation".

Blinding? 
All outcomes

Low risk Quote: "Each patient was operated under the supervision of 1 of 2 blinded,
experienced hepatobiliary surgeons". "The patients were blinded" (author
replies). "The anaesthetists who administered sevoflurane were not involved
in further care of the patients including administration of anaesthesia" (author
replies).

Incomplete outcome data
addressed? 
outcomes 2-4 weeks

High risk Comment: post-randomisation drop-outs could be related to outcomes.

Free of selective report-
ing?

Low risk Comment: important outcomes reported.

Free from baseline imbal-
ance?

Low risk Comment: no baseline imbalance in important characteristics.

Free from academic bias? Low risk Comment: no previous published studies of the same comparison by the trial
authors.

Free from source of fund-
ing bias?

High risk Quote: "The study was supported by Swiss National Science Foundation grant
3200B0-109906 (to P.A.C.) and 3200B0-109558 (to B.B.S.); Abbott AG, Baar
Switzerland."

Beck-Shimmer 2008  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: China. 
Number randomised: initially 31, post randomisation drop outs 0, final number of study participants
31. 
Mean age: 50.2 years. 
Females: 5 (16.1%). 
Cirrhotic livers: 27 (87.1%). 
Steatotic livers: not stated.

Inclusion criteria: 
1. Elective hepatic resection. 
2. Portal triad clamping. 
3. Diagnosis of primary hepatocellular carcinoma.

Interventions Participants were randomly assigned to two groups:

Intervention group 1: administered 10000 IU of ulinastatin during the operation, and twice a day with
combination of vitamin K1 and glucose for 5 consecutive days after the operation (n = 16). 
Intervention group 2: administered gantaile (a Chinese herbal medicine used as a 'common liver pro-
tectant') the dose for which was not given, vitamin K1, and glucose (n = 15).

Outcomes The outcomes reported were mortality, liver decompensation, wound infection, intra-abdominal infec-
tion, hospital stay, blood loss, markers of liver function, and enzyme markers of liver injury.

Notes  

Risk of bias

Li 2004 
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Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk Quote: "sealed envelope".

Blinding? 
All outcomes

High risk Comment: trial not double blinded.

Incomplete outcome data
addressed? 
outcomes 2-4 weeks

Low risk Comment: no post randomisation drop-outs.

Free of selective report-
ing?

Low risk Comment: all important outcomes reported.

Free from baseline imbal-
ance?

Low risk Comment: no baseline imbalance in important characteristics.

Free from academic bias? Low risk Comment: no previous published studies of the same comparison by the trial
authors.

Li 2004  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: Germany. 
Number randomised: initially 20, post randomisation drop outs 1, final participants number 19. 
Mean age: 58 years. 
Females: 8 (42.1%). 
Cirrhotic livers: not stated. 
Steatotic livers: not stated.

Inclusion criteria: 
Hemihepatectomy.

Exclusion criteria: 
1. Congestive heart failure. 
2. Valvular heart disease. 
3. On beta blockers or mono-oxidase blockers. 
4. Liver dysfunction (AST > 80 IU/L, ALT > 80 IU/L). 
5. Renal insufficiency (creatinine > 1.5 mg/dl). 
6. American Society of Anesthesiologists (ASA) score III to V.

Interventions Participants were randomly assigned to two groups:

Intervention group 1: administered dopexamine at 0.5 mcg/kg/min (after induction of anaesthesia until
16 hours postoperatively) (n = 9). 
Intervention group 2: administered dopamine at 2.5 mcg/kg/min (after induction of anaesthesia until
16 hours postoperatively) (n = 10).

Outcomes The outcomes reported were blood transfusion requirements, markers of liver function, and enzyme
markers of liver injury.

Notes We contacted the authors for information regarding random sequence generation and allocation con-
cealment (questions sent January 2008; replies received January 2008). The authors provided this in-
formation.

Reason for drop-out: intervention group 1: catheter in hepatic vein cut inadvertently (1).

Marx 2000 
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Risk of bias

Bias Authors' judgement Support for judgement

Adequate sequence gener-
ation?

Low risk Quote: "computer generated" (author replies).

Allocation concealment? Unclear risk Quote: "sealed envelope" (author replies).

Incomplete outcome data
addressed? 
outcomes 2-4 weeks

High risk Comment: post-randomisation drop-outs could be related to outcomes.

Free of selective report-
ing?

High risk Comment: important outcomes not reported.

Free from early stopping
bias?

Low risk Comment: sample size calculation provided and trial not stopped early.

Free from academic bias? Low risk Comment: no previous published studies of the same comparison by the trial
authors.

Marx 2000  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: Japan. 
Number randomised: initially 45, post randomisation drop outs 0, final participants number 45. 
Mean age: 66 years. 
Females: 8 (17.8%). 
Cirrhotic livers: 45 (100%). 
Steatotic livers: not stated.

Inclusion criteria: 
1. Liver resection. 
2. Bilirubin < 2 mg/dl. 
3. Indocyanin green (ICG) elimination rate > 0.06 U/min. 
4. Cirrhotics with hepatocellular carcinoma. 
5. Tumour limited to one segment. 
6. Pringle's manoeuvre used to induce liver ischaemia.

Exclusion criteria: 
1. Ascites. 
2. ASA score III to V.

Interventions Participants were randomly assigned to three groups:

Intervention group 1: administered an intravenous infusion of amrinone at a rate of 4 mcg/kg/min
through a central venous catheter. The infusion was initiated at the start and terminated at the end of
surgery (n = 15). 
Intervention group 2: administered an intravenous infusion of PGE1 at a rate of 0.02 mcg/kg/min
through a central venous catheter. The infusion was initiated at the start and terminated at the end of
surgery (n = 15).

Outcomes The outcomes reported were mortality, blood loss, and enzyme markers of liver injury.

Orii 2000 
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Notes We contacted the authors for information regarding random sequence generation and allocation con-
cealment (questions sent January 2008). There was no reply from the authors.

Risk of bias

Bias Authors' judgement Support for judgement

Blinding? 
All outcomes

High risk Comment: not a double blind trial.

Incomplete outcome data
addressed? 
outcomes 2-4 weeks

Low risk Comment: no post randomisation drop-outs.

Free of selective report-
ing?

High risk Comment: not all important outcomes reported.

Free from academic bias? Low risk Comment: no previous published studies of the same comparison by the trial
authors.

Free from source of fund-
ing bias?

Low risk Quote: "This work was supported in part by a Grand-in-aid for Scientific Re-
search from the Ministry of Education, Science and Culture of Japan".

Orii 2000  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: USA. 
Number randomised: initially not stated, post randomisation drop outs not stated, final participants
number 23. 
Mean age: not stated. 
Females: not stated. 
Cirrhotic livers: not stated. 
Steatotic livers: not stated.

Inclusion criteria: 
1. Major liver resection. 
2. ECOG (Eastern Cooperative Oncology Group) performance status (0 to 2). 
3. Primary liver cancer or metastatic liver cancer confined to liver.

Interventions Participants were randomly assigned to three groups:

Intervention group 1: administered preoperative and postoperative misoprostol (a synthetic
prostaglandin E1 analogue) (n = 13). 
Intervention group 2: administered preoperative and postoperative pentoxifylline (a xanthine deriva-
tive) (n = 10).

Outcomes The outcomes reported were mortality, liver decompensation, and enzyme markers of liver injury.

Notes We contacted the authors for information regarding random sequence generation and allocation con-
cealment (questions sent January 2008). There was no reply from the authors.

Reasons for drop-outs: liver vascular occlusion not required and inoperable tumour. The number of
drop-outs across each intervention group not stated.

Risk of bias

Stadheim 2000 
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Bias Authors' judgement Support for judgement

Incomplete outcome data
addressed? 
outcomes 2-4 weeks

High risk Comment: post-randomisation drop-outs could be related to outcomes.

Free of selective report-
ing?

Low risk Comment: all important outcomes reported.

Free from academic bias? Low risk Comment: no previous published studies of the same comparison by the trial
authors.

Stadheim 2000  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aldrighetti 2006 This trial compared a pharmacological agent versus no pharmacological agent.

Baek 1999 Not a randomised clinical trial.

Bartels 2004 This trial compared a pharmacological agent versus no pharmacological agent.

Cerwenka 1998 This trial compared a pharmacological agent versus no pharmacological agent.

Cerwenka 1999 This trial compared a pharmacological agent versus no pharmacological agent.

Dunschede 2006 Quasi-randomised trial (allocation by alternation). This trial did not report on adverse effects due
to the pharmacological intervention.

Garcia 1994 Not a randomised clinical trial.

Hanazaki 2000 Not a randomised clinical trial.

Hassanain 2008 A case report and the randomised clinical trial to which it refers has not been published and the
majority of the participants had hepatectomy without liver blood supply occlusion.

Hayakawa 1994 Not a randomised clinical trial.

Inagaki 1999 Hepatectomy performed without liver blood supply occlusion.

Inagaki Kurokaw 1999 Not a randomised clinical trial.

Kaiho 2008 Not a randomised clinical trial.

Katsuramaki 1996 Not a randomised clinical trial.

Kawano 2005 This trial compared a pharmacological agent versus no pharmacological agent.

Kim 2002 The authors state that randomisation was achieved by randomly allocating one patient to one
group and matched patients to the other groups. We do not consider this as a randomised or qua-
si-randomised trial.
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Study Reason for exclusion

Kim 2006 The authors state that randomisation was achieved by randomly allocating one patient to one
group and matched patients to the other groups. We do not consider this as a randomised or qua-
si-randomised trial.

Kim 2007 The authors state that randomisation was achieved by randomly allocating one patient to one
group and matched patients to the other groups. We do not consider this as a randomised or qua-
si-randomised trial.

Kostopanagiotou 2006 This trial compared a pharmacological agent versus no pharmacological agent.

Muratore 2003 This trial compared a pharmacological agent versus no pharmacological agent.

Nakagawa 1991 Not a randomised clinical trial.

Nakayama 1995 Hepatectomy performed without liver blood supply occlusion.

Schemmer 2008 Protocol of a trial. No results available.

Schmidt 2007 Hepatectomy performed without liver blood supply occlusion.

Settaf 2001 This trial compared a pharmacological agent versus no pharmacological agent.

Sheth 2005 Hepatectomy performed without liver blood supply occlusion.

Shimada 1994 Hepatectomy performed without liver blood supply occlusion.

Shimada 1996 Not a randomised clinical trial; hepatectomy performed without blood supply occlusion.

Shirabe 1996 This trial compared a pharmacological agent versus no pharmacological agent.

Suehiro 2008 Not a randomised clinical trial.

Sugawara 1998 This trial compared a pharmacological agent versus no pharmacological agent.

Tang 2007 This trial compared a pharmacological agent versus no pharmacological agent.

Une 1995 Decision to administer intervention drug was made by physicians; hepatectomy performed without
liver blood supply occlusion.

Vriens 2002 This trial compared a pharmacological agent versus no pharmacological agent.

Wada 1995 Hepatectomy performed without liver blood supply occlusion.

Yamashita 2001 This trial compared a pharmacological agent versus no pharmacological agent.

 

 

A D D I T I O N A L   T A B L E S
 

Trial Major 
resections (%)

Vascular 

occlusion*

Parenchymal 
transection

Mean ischaemic 
time (min) - in-

tervention 1**

Mean ischaemic 
time (min) - in-

tervention 2**

Table 1.   Operative details 
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Beck-Shimmer
2008

28 (43.8%) CPTC Kelly clamp 36 35

Li 2004 not stated CPTC not stated 18 17

Marx 2000 19 (100%) CPTC not stated 26 27

Orii 2000 0 (0%) IPTC not stated 66 71

Stadheim 2000 23 (100%) Afferent and effer-
ent vessels

not stated not stated not stated

Table 1.   Operative details  (Continued)

IPTC: intermittent portal triad clamping.
CPTC: continuous portal triad clamping.
** No significant diGerence between intervention and control group mean ischaemic times (P > 0.05).
 
 

Outcome Type of outcome Intervention
group 1

Intervention
group 2

P value

Dopexamine versus dopamine        

Blood transfusion [units] Continuous 1.8 (2.5) 2.6 (3) 0.53

Prothrombin time [percentage of normal prothrom-
bin activity]

Continuous 60 (13) 78 (22) 0.03*

AST [IU/L]: 1st POD Continuous 129 (36) 137 (109) 0.83

ALT [IU/L]: 1st POD Continuous 160 (53) 190 (155) 0.56

Prostaglandin E1 versus amrinone        

Mortality Dichotomous 0/15 (0.0%) 0/15 (0.0%) Not ap-
plicable

Blood loss [litres] Continuous 0.59 (0.47) 0.62 (0.41) 0.85

AST [IU/L]: 1st POD Continuous 216 (239) 231 (152) 0.84

Prostaglandin E1 versus pentoxifylline        

Liver decompensation Dichotomous 0/13 (0.0%) 0/10 (0.0%) Not ap-
plicable

Ulinastatin versus gantaile        

Mortality Dichotomous 0/16 (0.0%) 0/15 (0.0%) Not ap-
plicable

Liver decompensation Dichotomous 1/16 (6.3%) 3/15 (20.0%) 0.33

Wound infection Dichotomous 2/16 (12.5%) 3/15 (20.0%) 0.65

Table 2.   Outcomes reported by single trials 
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Intra-abdominal infection Dichotomous 1/16 (6.3%) 1/15 (6.7%) > 0.99

Hospital stay [days] Continuous 13.3 (4) 16.4 (8.4) 0.19

Blood loss [litres] Continuous 0.53 (0.29) 0.58 (0.31) 0.64

Sevoflurane versus propofol        

Mortality Dichotomous 1/30 (3.3%) 1/34 (2.9%) > 0.99

Liver decompensation Dichotomous 0/30 (0.0%) 0/34 (0.0%) Not ap-
plicable

Intra-abdominal infection Dichotomous 0/30 (0.0%) 3/34 (8.8%) 0.24

Postoperative bleeding Dichotomous 0/30 (0.0%) 2/34 (5.9%) 0.49

Bile leak Dichotomous 1/30 (3.3%) 1/34 (2.9%) > 0.99

ITU stay [days] Continuous 4 (16.5) 9 (16.5) 0.23

Hospital stay [days] Continuous 10.93 (6.8) 12.79 (6.8) 0.28

Bilirubin [mmoles/L]: peak postoperative levels Continuous 33.67 (26.9) 44.5 (63.9) 0.37

AST [IU/L]: peak postoperative levels Continuous 507.5 (291.8) 733.4 (636.5) 0.06

ALT [IU/L]: peak postoperative levels Continuous 463.5 (288.0) 717.7 (497.5) 0.01*

Table 2.   Outcomes reported by single trials  (Continued)

For dichotomous outcomes, the numbers in column 'intervention group' and 'control group' denote number of patients with the outcome/
total number of patients. The proportion of patients with the outcome is indicated in brackets.
For continuous outcomes, the numbers in column 'intervention group' and 'control group' denote the mean and standard deviation (in
brackets) in each group.
* statistically significant
 

 

A P P E N D I C E S

Appendix 1. Search strategy

 

Database Period of Search Search Strategy

The Cochrane He-
pato-Biliary Group
Controlled Trials
Register

Issue 4, 2008 (((ischaemia OR ischaemia OR ischemic OR ischaemic OR reperfusion) AND (injury OR in-
juries OR damage OR damages)) OR gabexate mesilate OR steroid OR steroids OR cor-
ticosteroid OR corticosteroids OR glucocorticoid OR glucocorticoids OR allopurinol OR
prostaglandin OR prostaglandins OR amrinone OR dopexamine OR antioxidant OR antiox-
idants OR prostanoid OR prostanoids OR thiol OR bucillamine OR n-acetylcysteine) AND
((liver OR hepatic OR hepato) AND (resection OR segmentectomy) OR hepatectomy)

Cochrane Cen-
tral Register of
Controlled Trials
(CENTRAL) in The

Issue 4, 2008 #1 (ischaemia OR ischaemia OR ischemic OR ischaemic OR reperfusion) AND (injury OR in-
juries OR damage OR damages) 
#2 MeSH descriptor Reperfusion Injury explode all trees 
#3 gabexate mesilate OR steroid OR steroids OR corticosteroid OR corticosteroids OR glu-
cocorticoid OR glucocorticoids OR allopurinol OR prostaglandin OR prostaglandins OR
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Cochrane Library
(Wiley)

amrinone OR dopexamine OR antioxidant OR antioxidants OR prostanoid OR prostanoids
OR thiol OR bucillamine OR n-acetylcysteine 
#4 MeSH descriptor Glucocorticoids explode all trees 
#5 MeSH descriptor Allopurinol explode all trees 
#6 MeSH descriptor Prostaglandins explode all trees 
#7 MeSH descriptor Antioxidants explode all trees 
#8 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7) 
#9 liver OR hepatic OR hepato 
#10 MeSH descriptor Liver explode all trees 
#11 (#9 OR #10) 
#12 resection OR segmentectomy 
#13 (#11 AND #12) 
#14 hepatectomy#15MeSH descriptor Hepatectomy explode all trees#16(#13 OR #14 OR
#15) 
#17 (#8 AND #16)

MEDLINE
(Pubmed)

January 1951 to
January 2009

(((ischaemia OR ischaemia OR ischemic OR ischaemic OR reperfusion) AND (injury OR
injuries OR damage OR damages)) OR "Reperfusion Injury"[Mesh] OR (gabexate mesi-
late OR steroid OR steroids OR corticosteroid OR corticosteroids OR glucocorticoid OR
glucocorticoids OR "Glucocorticoids"[Mesh] OR allopurinol OR "Allopurinol"[Mesh] OR
prostaglandin OR prostaglandins OR "Prostaglandins"[Mesh] OR amrinone OR dopex-
amine OR antioxidant OR antioxidants OR "Antioxidants"[Mesh] OR prostanoid OR
prostanoids OR thiol OR bucillamine OR n-acetylcysteine)) AND (((liver OR hepatic OR he-
pato OR "liver"[MeSH]) AND (resection OR segmentectomy)) OR hepatectomy OR "he-
patectomy"[MeSH]) AND (((randomized controlled trial [pt] OR controlled clinical trial
[pt] OR randomized controlled trials [mh] OR random allocation [mh] OR double-blind
method [mh] OR single-blind method [mh] OR clinical trial [pt] OR clinical trials [mh]
OR ("clinical trial" [tw]) OR ((singl* [tw] OR doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND
(mask* [tw] OR blind* [tw])) OR (placebos [mh] OR placebo* [tw] OR random* [tw] OR re-
search design [mh:noexp]) NOT (animals [mh] NOT human [mh]))))

EMBASE (OvidSP) Janurary 1974 to
January 2009

1 (ischaemia or ischaemia or ischemic or ischaemic or reperfusion).af. 
 2 (injury or injuries or damage or damages).af. 
3 1 and 2 
4 exp Reperfusion Injury/ 
5 (gabexate mesilate or steroid or steroids or corticosteroid or corticosteroids or gluco-
corticoid or glucocorticoids or allopurinol or prostaglandin or prostaglandins or amri-
none or dopexamine or antioxidant or antioxidants or prostanoid or prostanoids or thiol
or bucillamine or n-acetylcysteine).af. 
6 exp Glucocorticoid/ 
7 exp Allopurinol/ 
8 exp Prostaglandin E1/ 
9 exp Prostaglandin E2/ 
10 exp Antioxidant/ 
11 6 or 3 or 7 or 9 or 8 or 4 or 10 or 5 
12 (liver or hepatic or hepato).af. 
13 (resection or segmentectomy).af. 
14 13 and 12 
15 hepatectomy.af. 
16 exp Liver Resection/ 
17 16 or 15 or 14 
18 11 and 17 
19 exp CROSSOVER PROCEDURE/ 
20 exp DOUBLE BLIND PROCEDURE/ 
21 exp SINGLE BLIND PROCEDURE/ 
22 exp RANDOMIZED CONTROLLED TRIAL/ 
23 (((RANDOM* or FACTORIAL* or CROSSOVER* or CROSS) and OVER*) or PLACEBO*
or (DOUBL* and BLIND*) or (SINGL* and BLIND*) or ASSIGN* or ALLOCAT* or VOLUN-
TEER*).af. 
24 22 or 21 or 23 or 19 or 20 
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25 18 and 24

Science Cita-
tion Index Ex-
panded (http://
portal.isiknowl-
edge.com/por-
tal.cgi?DestAp-
p=WOS&Func=Frame)

January 1945 to
January 2009

#1 TS=((ischaemia OR ischaemia OR ischemic OR ischaemic OR reperfusion) AND (injury
OR injuries OR damage OR damages)) 
#2 TS=(gabexate mesilate OR steroid OR steroids OR corticosteroid OR corticosteroids OR
glucocorticoid OR glucocorticoids OR allopurinol OR prostaglandin OR prostaglandins OR
amrinone OR dopexamine OR antioxidant OR antioxidants OR prostanoid OR prostanoids
OR thiol OR bucillamine OR n-acetylcysteine) 
#3 #2 OR #1 
#4 TS=((liver OR hepatic OR hepato) AND (resection OR segmentectomy) OR hepatecto-
my) 
#5 TS=(random* OR blind* OR placebo* OR meta-analysis) 
#6 #5 AND #4 AND #3

  (Continued)
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independently identified trials, extracted data from the trials, and helped in the preparation of the manuscript. G Glantzounis, B Fuller,
and BR Davidson critically commented on the review and made suggestions to improve the review.

D E C L A R A T I O N S   O F   I N T E R E S T

None.

S O U R C E S   O F   S U P P O R T

Internal sources

• none, Not specified.

External sources

• none, Not specified.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

1. In the Background section, the number of examples of pharmacological agents that were discussed in the protocol have been reduced,
and those that remained have been placed under the appropriate comparison in the discussion. This was done to improve the
readability and consistency of the review as too many examples were included in the protocol.

2. In the Types of interventions section of the methods, only pharmacological interventions versus other pharmacological interventions
were included in the review. Pharmacological interventions versus no pharmacological interventions are assessed in a separate review
(Abu-Amara 2009). This was done to reduce the length and improve the readability of the review based on the recommendations of
CHBG Editors.

3. The outcomes were reordered to give more importance to clinically relevant outcomes.

4. The 'Risk of bias' assessment has been modified in line with The CHBG module (Gluud 2009; Gurusamy 2009d).

5. In the protocol we stated that we would calculate the risk ratio with 95% confidence intervals for dichotomous outcomes. However, there
was only one trial included under each comparison and this is why we performed Fisher's exact test for the dichotomous outcomes.

N O T E S

The original protocol for this review encompassed all randomised trials that assessed one or more pharmacological interventions versus
another pharmacological intervention or no pharmacological intervention (REF to the Protocol!). In order to reduce the length and improve
the readability of the full review emanating from the protocol, two separate reviews are being published instead of one.

This review only evaluates pharmacological interventions versus other pharmacological interventions. The other review (Abu-Amara
2009) evaluates only trials comparing pharmacological interventions versus no pharmacological intervention (placebo or control). These
changes are based on the recommendations of CHBG Editors.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

Biomarkers  [blood];  Blood Loss, Surgical  [*prevention & control];  Elective Surgical Procedures;  Hepatectomy  [*methods];  Liver
 [*blood supply];  Randomized Controlled Trials as Topic;  Reperfusion Injury  [blood]  [*prevention & control]

MeSH check words

Humans
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