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Abstract

AIM To evaluate the effects of varying ischemic
durations on cirrhotic liver and to determine the safe
upper limit of repeated intermitten t hepatic inflow
occlusion.

METHODS Hepatic ischemia in cirrhotic rats was induced
by clamping the common pedicle of left and median
lobes after non-ischemic lobes resection. The cirrhotic
rats were divided into six groups according to the
duration and form of vascular clamping: sham occlusion
(S0), intermittent occlus ion for 10 (I0-10), 15 (IO-
15), 20 (I10-20) and 30 (I0-30) minutes with 5 minutes
of reflow and continuous occlusion for 60 minutes (CO-
60). All animals received a total duration of 60 minutes
of hepatic inflow occlusion. Liver viability was
investigated in relation of hepatic adenylate energy
charge (EC). Triphenyltetrazollum chloride (TTC)
reduction activities were assayed to qualitatively
evaluate the degree of irreversible hepatocellular injury.
The biochemical and morphological changes were also
assessed and a 7-day mortality was observed.

RESULTS At 60 minutes after reperfusion following a
total of 60 minutes of hepatic inflow occlusion, EC
values in I0-10 (0.749+0.012) and I0-15 (0.699+0.002)
groups were rapidly restored to that in SO group
(0.748+0.016), TTC reduction activities remained in
high levels (0.1441+0.002 mg/mg protein, 0.1391+0.003
mg/mg protein and 0.121+0.003 mg/mg protein in
SO, 10-10 and I0-15 groups, respectively). But in I0-
20 and I0-30 groups, EC levels were partly restored
(0.457+0.023 and 0.534+0.027) accompanying with
a significantly decreased TTC reduction activities (0.
070+0.005 mg/mg protein and 0.061+0.003 mg/mg
protein). No recovery in EC values (0.228+0.004)
and a progressive decrease in TTC reduction activities
(0.033+0.002 mg/mg protein) were shown in CO-60
group. Although not significantly different, the
activities of the serum aspartate aminotransferase
(AST) on the third postoperative day (POD;) and P
OD; and of the serum alanine aminotransferase (ALT)
on POD; in CO-60 group remained higher than that in
intermittent occlusion groups. Moreover, a 60%

animal mortality rate and more severe morphological
alterations were also shown in CO-60 group.

CONCLUSION Hepatic inflow occlusion during 60 minutes
for liver resection in cirrhotic rats resulted in less
hepatocellular injury when occlusion was intermittent
rather than continuous. Each period of 15 minutes
was the safe upper limit of repeated intermittent
vascular occlusion that the cirrhotic liver could tolerate
without undergoing irreversible hepatocellular injury.
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INTRODUCTION

The effective control of intraoperative bleeding is one of the
most important measures for successful hepatectomy™. Up to
now, temporary portal triad clamping (Pringle maneuver) has
been used widely as ameans of reducing blood loss. In China,
hepatocellular carcinoma (HCC) is commonly associated with
cirrhosis?9, bleeding during hepatic resection isamajor factor
in determining the severity of postoperative liver damage and
the prognosis™. The safe time limit of hepatic vascular
occlusion during the cirrhoti ¢ liver resection remains the major
concern of liver surgeong’Y, Intermittent occlusion may not
only reduce intraoperative bleeding but also increase the total
duration of ischemiafor hepatectomy!”*2%3, Thusit isimportant
for theimprovement of the safety of the cirrhotic liver resection
that how long each time is suitable for the intermittent
occlusion%1, The purpose of this experiment is to study the
effects of various ischemic durations on cirrhotic liver and
determine the safe upper limit of intermittent hepatic inflow
occlusionwithout irreversibledamageinratswith cirrhoticliver.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing 200 g+30 g were
allocated randomly into six experimental groups of 20 animals,
depending on the duration and form of ischemia: Sham
occlusion (SO group), intermittent occlusion for 10 min (10-
10 group), 15 min (10-15 group), 20 min (10-20 group ) and
30 min (10-30 group) with 5 min of reperfusion between each
period, continuous occlusion for 60 min (CO-60 group). The
rat cirrhosis was induced by injecting 600 g-L* CCl, oil
subcutaneously twice weekly at a dose of 4 mL-kg* bw and
drinking 50 mL-L-! ethanol. A validated model!*® used by
clamping the common pedicle of left and median |obes after
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non-ischemia lobes resection did not require splanchnic
decompressing. All animals received atotal duration of 60 min
of hepatic inflow occlusion.

Operative procedure

Rats were anesthetized with intraperitoneal pentobarbital
0.2mgkg*. A midlinelaparotomy was performed. Ligamentous
attachments around the liver were divided and the total liver
hilum of right and left portal vein, hepatic artery, bile duct as
well astheright hepatic vein were al so dissected. Ischemiawas
induced in the median and left hepatic lobes by clamping the
corresponding arterial and portal venous branches en masse.
This alowed an uninterrupted blood supply to the right lobe
and caudate lobe, avoiding congestion of alimentary tract and
consequent haemodynamic instability. When the assigned total
ischemic duration of 60 min was completed, the clamp was
removed and the non-ischemic right lobe and caudate lobe
were resected (30% hepatectomy) after ligation of the
corresponding pedicles en masse. This technique abrogates
the effect of splanchnic congestion caused by total occlusion
of the portal hilum during hepatic ischemia.

Assessment of liver viability™”

A small portion of excised liver (about 30 mg) wasimmediately
frozen by freeze -clamp precooled with liquid nitrogen,
lyophilized overnight, and further kept at -80°C until analysis.
The dry tissue was then weighed and homogenizedin 1 mL ice-
cold 0.6 mol-L* HCIO,. Thirty minutes later, the homogenate
wascentrifuged for 20 minat -4°C,, 20 000xg and the supernatant
with 0.3 mL was neutraized with 1 mol-L * potassium carbonate
0.2 mL and centrifuged in the same manner. The final
supernatant was filtered through afilter of 0.45 um and used as
asamplewith 20 L for determining theliver tissue concentration
of ATP, ADP and AMP by high-performance liquid
chromatography (Shim-pacr CLC-ODS analytical column,
150mmx6.0mmi.d, A=254 nm) at aflow rateof 0.1 mL -min*. The
results were cal culated as micromoles of nucleotide per gram of
dry tissue. Energy charge was calculated as follows: EC =
(ATP+1/2ADP)/(ATP+ADP+AMP).

Quantitation of the extent of irreversible hepatocellular
injury

The degree of irreversible cellular injury was assessed by a
modified technique described by Rodriguez et al*¥. A portion
of each liver tissue specimen was rinsed in ice-cold Ringer’s
lactate solution, and then placed on ice, weighed, and
homogenizedin 0.25 mol -L* sucroseto make an 8% homogenate
by weight. The homogenate wasfiltered through afine stainless
steel mesh to remove the remaining fragments. Protein content
of the homogenate was determined by the method of Lowry.
A 1 mL aliquot of homogenate was then mixed with 1 mL of

10g-L*TTC(Sigma) in 0.033 mol-L * phosphate buffer (pH 7.4).
The reaction was made in triplicate. The reactive mixture was
incubated at 37°C in an agitating water bath for 30 min and
added with an equal volume of acetone to each reaction tube
and then vortexes. The extracted mixture was centrifuged
for 15 min at 2 000 r-min and the absorbance of the clear red
supernatants was measured at 485 nm in a spectrophotometer.
The absorbances of the reaction triplicates were averaged and
unreacted reagent blanks were subtracted to arrive at afinal
absor ption. Comparison of these absorption values to a
standard curve of known reduce d TTC concentrations to
determine the micrograms of TTC reduced per 30 min per
milligram of the liver tissue protein.

Serum AST, ALT, lactic dehydrogenase (LDH), alkaline
phosphatase (AKP) and total bile acid (TBA) contents were
measured at 4°C using the availablekits. Animals of each group
were treated as scheduled. The excised median lobe liver was
fixedin 100 mL -L-1 formalin and embedded in paraffin. Sections
3 pum thick were stained with hematoxylin and eosin for light
microscopy. A segment of the liver tissue of the median
lobe, 2 mmx2 mmx2 mm in size, wastaken and fixedin 40 g-*
glutaraldehyde-phosphate buffer (0.1 mol-L%, pH: 7.3) for 24 h
and then post-fixed in 10 -L* osmian tetroxide for two hours,
dehydrated with a descending series of a cohol, and embedded
with epoxied resin. The specimenswere cut into ultrathin slices
pigmented double with uranium acetate and lead citrate before
being observed under the HITACHI-600 transmission electron
microscope. Ten animals in each group were considered to
have survived the procedureif they remained dlive on the seventh
day after operation.

Statistical analyses

Values were expressed as x+s. Differences among groupswere
analyzed using one-way analysis of variance (ANOVA). A post
hoc analysis using Fisher’s PLSD test was used to account for
multiple comparisons. Differencesin survival were determined
using the Kaplan-Meier test. P values less than 0.05 were
considered significant. All the statistical analyses were made
using SPSS software package.

RESULTS

At atotal of 60 min of hepatic inflow occlusion, theliver tissue
levels of ATP in each ischemia group were significantly
decreased, the extent of ATP restoration at 60 min after
reperfusion wasmarkedly rel ated withthe METHODS of hepatic
inflow occlusion. The ATP levelsin |O-10 and 10-15 groups
were rapidly restored to that in SO group, but there was a
progressive decrease in |0-20 and 10-30 groups, the recovery
was significantly suppressed in CO-60 group, to only 5.8% of
ATP levelsin SO group (Table 1). There was significant
differenceamong 10-10, 10-15, 10-20, 10-30 and CO-60 groups.

Table 1 Adenine nucleotide concentrations in the dry cirrhotic livers (xts, pmol-g*, n = 6)

Ischemia 60 min

Reperfusion 60 min

Groups

ATP ADP AMP ATP ADP AMP
SO 5.00+0.13 3.09+0.38 0.97+0.39 5.07+0.15 3.19+0.67 0.71+0.14
10-10 0.53+0.06° 1.85+0.28° 3.40+1.532 4.99+0.14 3.41+0.29 0.53+0.25
10-15 0.45+0.05° 1.39+0.55" 3.81+2.07° 4.99+0.16 3.35+0.16 1.20+0.09
10-20 0.43+0.03° 1.13+0.43 3.21+1.37° 1.01+0.130df 2.2240.24bdf 1.41+0.15%
10-30 0.45+0.12° 0.79+0.05Pd® 2.29+0.81 0.90+0.19P4f 2.41+0.35bdf 0.69+0.24f
CO-60 0.41+0.08° 1.00+0.34% 3.10+0.45° 0.30+0.01°dfn 0.85+0.15bdfh 2.02+0.19bdfen

3P<0.05, "P<0.01 vs SO; °P<0.05, 9P<0.01 vs 10-10; ®P<0.05, P<0.01 vs 10-15; 9P<0.01 vs 10-20; "P<0.01 vs 10-30.
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The EC levels at a total ischemic duration of 60 min
significantly andimmediately decreased in eachischemiagroup.
At 60 min after reperfusion, there was a rapid restoration in
10-10and 10-15 groups(0.748+0.016 in SO group, 0.749+0.012
in1O-10group, 0.699+0.002in10-15group). TheEC levelswere
restored partly in |0-20 and 10-30 groups (0.457+0.023 and
0.534+0.027) and no recovery in CO-60 group (0.228+0.004)
(Figure 1). A significant difference was shown among 10-10,
10-15, 10-20, |0-30 and CO-60 groups.

At atotal ischemic period of 60 min, TTC reduction activities
in10-20, 10-30 and CO-60 groups (0.098+0.007 mg/mg protein,
0.099+0.005 mg/mg protein and 0.068+0.007mg/mg protein,
respectively) markedly declined to 66.7%, 67.3% and 46.3% of
SO group (0.147+0.004 mg/mg protein), respectively. At 60 min
after reperfusion, TTC reduction activities remained highin
10-10 and 10-15 groups (0.139+0.003 mg/mg protein and
0.121+0.003 mg/mg protein) and significantly decreased in
10-20 and 10-30 groups (0.070+0.005 mg/mg protein and
0.061+0.003 mg/mg protein), there was a progressive decrease
in CO-60group (0.033+0.002 mg/mg protein) in comparison with
that in each intermittent occlusion group (P<0.01) (Figure 2).

Although serum AST and ALT activitieson POD; markedly
increased in 10-10 (986+49 pkat-L* and 1356+221 pkat-L ),
10-15(1431+116ukat-L L and 1611+149pkat-L %), |0-20(1558+ 78
pkat-L*and 1186+187 pkat-L 1), |0-30 (1743+96 pkat-L* and
24661489 pkat-L ) and CO-60(1773+181 pkat-L* and 2190+397
pkat-L 1) groups as compared with SO group (294+16 pkat-L*

and 669+26 pkat-L1), there was no difference among five
ischemiagroups. However, ssrum AST activitiesin CO-60 group
on POD; and POD; (203+14 pkat-L-1, n=5and 1836 pkat-L-1,
n =4) and ALT activities on POD; (484+38 pkat-L*, n=5)
remained to be higher than that in intermittent ischemiagroups
(P<0.05). In addition, no significant difference was found in
postoperative serum LDH, AKPand TBA levelsamong ischemia
groups. All animalsin SO and 10-10 groups survived during
the 7 d period. The mortality ratesin 10-15, 10-20 and 10-30
groups were 10%, 30% and 40%, respectively. In contrast, the
mortality rate in CO-60 group increased to 60%, with a
significant difference between 10-10 and CO-60 groups
(P<0.05).

Themorphologic findings revealed that hepatic cellsdightly
swollen in 10-10 and 10-15 groups, but the dilatation of the
rough-surfaced endoplasmic reticulum (RER) and the
degeneration changes in mitochondriawithin cytoplasm were
mild, the shape of nucleus was regular. In 10-20 and 10-30
groups, hepatic cells had amoderate swelling with cytoplasmic
microvacuolisation, predominantly in the midzonal areas.
Ultrastructural changes were shown with agross dilatati on of
RER and mitochondria, anirregular nucleus and an aggregation
of the heterochromatins within the nucleus. In CO-60 group,
the hepatocytes had vacuolar degeneration accompanied with
infiltration of polymorphonuclear leucocytes in the sinusoids.
RER and mitochondriawere severely dilated, the heterochromati
ns within the nucleus markedly increased and nucleus
concentration occurred (Figure 3).

Figure 1 Changes of energy charge in hepatic tissues.
Figure 2 Changes of TTC reduction activities in hepatic tissues.
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Figure 3 Electron micrograph of hepatocyte at a total ischemic duration of 60 min in cirrhotic rats. A: The mitochondria were regular, chroma
tin in nucleus was well-distributed, nuclear membrane was clear in SO group, TEMx17 000, B: Mitochondria and RER were severely dilated,
heterochromtins within the nucleus markedly increased, nucleus concentration occurred. TEMx15 000

DISCUSSION

In China,the incidence of HCC is high and almost 85% of HCC
were accompanied with liver cirrhosig*19.Bleeding during liver
resection is known to be an important prognostic indicator of

both morbidity and mortality, particularly for the cirrhotic
patientsi’4202U, Generally, blood loss has been controlled by
the Pringle maneuver, which is one of the simplest and most
commonly used METHODS and attention has focused on the
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length of timefor which such ischemiato theliver can be safely
tolerated?2228, Although the healthy human liver could tolerate
amagjor hepatectomy with ischemia of more than 60 min under
normothermic condition?*?1, in their studies, there were
complicationsin 18 of 34 patients and athirteen-fold increase
in the activities of plasma transaminase on the first
postoperative day. Moreover, the cirrhotic liver would be much
morevulnerableto ischemia, Therefore, intermittent portal triad
clamping for the control of bleeding during cirrhotic liver
resection has been advocated that thiswould be less detrimental
to the liver than continuous clamping”121320211  How long the
cirrhotic liver could tolerate intermittent hepatic inflow
occlusion each time remains to be determined.

EC, which expressed the balance between ATP-consuming
and -producing reactions and was of central importancein the
regulation of metabolic sequences, had bee n used to assess
liver viability®®, These studies had suggested that
enhanced ATP synthesis and prompt recovery of EC after
revascul arization were prerequisites for maintaining the liver
viahility. In the present study, althoug h ATP content and EC
at atotal ischemic duration of 60 min were retarded during the
ischemic period, asignificant difference was shown at 60 min
after reperfusion. Because the ability of the liver to restore EC
after reperfusion played a decisive role in determining hepatic
viahility!"¥, the prompt restoration of the EC levelsin |O-10 and
10-15 groups reflected the maintenance of liver viability.
However, EC had only partial recovery in 10-20 and 10-30
groups, could not be restored after reperfusion in CO-60 group,
indicating the irreversible mitochondrial dysfunction,
subsequent ATP depletion and loss of liver viability in 10-20
and 10-30 groups, which were more severe in CO-60 group.
These findings were further supported by the morphol ogical
results.

Of the variety of cell typesin the liver, the hepatocytes
werethe most sengitiveto normothericischemia Theliver could
tolerate a temporary ischemia of short duration but prolonged
ischemia caused irreversible hepatocellular injury and led to
liver function failure even if the liver wasreperfused. The TTC
reduction activity assay reflected the ability of the intact
mitochondrial reduction-oxidation enzyme systemsto convert
the colorless TTC to ared formazan dye. Thisindicator had
been vdidated to quantitate the extent of irreversible cell damage
in the study of the hepatic and cardiac ischemic injury*®. The
inability to reduce TTC indicated the irreversible loss of
mitochondria function. In the present study, the TTC reduction
activitieshad no changesduring ischemiaof 60 minand remained
at higher levels at 60 min after reperfusionin |0-10 and 10-15
groups, but had an aggressive decrease in 10-20, 10-30 and
CO-60 groupsat 60 min of ischemiaor reperfusion. Theseresults
demonstrated that the irreversible hepatocellular injury firstly
occurred in 10-20 group, significantly greater injury occurred
in CO-60 group.

As mentioned above, when changes in EC levels were
examined in conjunction with changes in TTC reduction
activitiesand morphological festures, it was possibleto identify
asignificant injury that was completely reversible when the
intermittent occlusion duration waslimited to 15 min. However,
the intermittent occlusion of prolonged 20 or 30 min would
produce irreversible hepatocellular damage, the extent of
damage became greater in continuous occlusion group.

In addition, it has been emphasized in the previous literature
that uncontrollab le massive hemorrhage during hepatic
resection would lead to a deterioration of liver function

and increased postoperative morbidity and mortality,
particularly in the patients with liver cirrhosig™91422l These
patients could tolerate liver ischemiawithin certain limits better
than they do the consequ ences of massive bleeding and blood
transfusion. Wu et al®” showed that a cirrhotic liver could
tolerate intermittent ischemia for up to 200 minutes without
increased postoperative complications and mortality. In another
report, immediate postoperative liver function was better
preserved in the intermittent occlusion group than in those
patients who were operated on without using the intermittent
occlusion®™, Thismay be due to less hemodynamic disturbance
induced by the bleeding as well as hepatovenous retrograde
perfusion during the liver transection to maintain the liver
viability!?l. However, the preoperative status of liver function
should still be taken into account. An improved prognosis
appesared to be related to asuitable selection of cirrhotic patients
with well-compensated liver function and an increased
proportion of limited resections of cirrhotic liverg427-2,

In the clinical practice, an intermittent rather than a
continuous hepatic vascular occlusion was advocated during
limited resection of the cirrhotic liver becauseit could increase
the ability of theliver to tolerate the consequences of prolonged
ischemia and splanchnic venous stasisi®*?. However, the
relation between the selected duration of intermittent vascular
occlusion and the risk of bleeding from esophageal varicesin
the cirrhotic patients during the liver resection remains to be
determined.

It isconcluded from this experiment that intermittent hepatic
inflow occlusion to the liver resulted in less hepatocellular
damage when compared with continuous occlusion and
suggested that intermittent occlusion of the hepatic pedicle
was the preferred method to control the intraoperative
hemorrhage during cirrhotic liver resections. Furthermore, each
period of 15 minwasthe safe upper limit of repeated intermittent
hepatic inflow occlusion that the cirrhotic liver could tolerate
without irreversibleliver damage.
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