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Abstract

AIM: To investigate the protective effect of ischemic
preconditioning (IPC) on hepatocellular carcinoma (HCC)
patients with cirrhosis undergoing hepatic resection under
hepatic inflow occlusion (HIO) and its possible mechanism.

METHODS: Twenty-nine consecutive patients with resectable
OHCC were randomized into two groups: IPC group: before
HIO, IPC with 5 min of ischemia and 5 min of reperfusion
was given; control group: no IPC was given. Liver functions,
hepatic Caspase-3 activity, and apoptotic cells were compared
between these two groups.

RESULTS: On postoperative days (POD) 1, 3 and 7, the
aspartate transaminase (AST) and alanine transaminase
(ALT) levels in the IPC group were significantly lower than
those in the control group (P<0.05). On POD 3 and 7, the
total bilirubin level in the IPC group was significantly lower
than that in the control group (P<0.05). On POD 1, the
albumin level in the IPC group was higher than that in the
control group (P = 0.053). After 1 h of reperfusion, both
hepatic Caspase-3 activity and apoptotic sinusoidal endothelial
cells in the IPC group were significantly lower than those
in the control group (P<0.05).

CONCLUSION: IPC has a potential protective effect on
HCC patients with cirrhosis. Its protective mechanism
underlying the suppression of sinusoidal endothelial cell
apoptosis is achieved by inhibiting Caspase-3 activity.
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INTRODUCTION

Hepatic inflow occlusion (HIO), also cdled Pringle smaneuver™,
isan effective and simple technique to control blood loss from
the raw surface during hepatic parechymal transaction, and

has been widely used during hepatectomy. However, HIO could
asoresultinhepaticischemic- reperfusion (I/R) injury, especialy
in case of cirrhosis. It is generally accepted that cirrhotic liver
isparticular sensitive to ischemia. Although warm ischemiafor
cirrhotic liver should not exceed 30 min', prolonged HIO might
cause dysfunction of the remnant liver, which wasamajor risk
factor associated with postoperative morbidity and mortality®.
Therefore, therapeutic modalitiesto ameliorate thisinjury are
critically important in liver surgery.

Ischemic preconditioning (1PC), defined as giving a short
period of ischemiaand reperfusion and subsequently sustaining
aprolonged ischemic insult, wasfirst described by Murry et al 14
in 1986, and then this protective phenomenon was found in
various visceral organs including the liver?,

However, up to now, the data of |PC available were most
focused on anima models. Recently, Clavien et al.!?. reported
thefirst clinical trial, suggesting abeneficia effect of IPC during
major hepatectomy on patients who were subjected to 30 min
of ischemia. But therewas no cirrhotic casein Clavien’ s series.
In Chinaand other Asiaareas, more than 80% of hepatocellular
carcinoma (HCC) patients had underlying cirrhosis or hepatitis
dueto hepatitis B virusinfection™. Whether | PC hasthe similar
protective effect on I/R injury encountered in hepatectomy for
cirrhotic liver isunclear. Hence, we conducted this prospective
randomized clinical tria on cirrhotic HCC patientsto test whether
IPC could protect cirrhotic liver against I/R injury during tumor
resection under HIO, and to explore its possible protective
mechanism.

MATERIALS AND METHODS

Patients

Fifty-six consecutive patients with HCC were treated at the
Department of Hepatobiliary Surgery, the First Affiliated
Hospital of Sun Yat-Sen University between January 1, 2001
and April 30, 2001. Among them, 29 patients whose tumors
were considered to beresectable after preoperativeinvestigations,
including liver function tests, liver function reserve (ord glucose
tolerancetest, OGTT)™2, abdominal ultrasound, CT assessment
and laporotomy, were recruited in this study. The resectable
criteriawe used were asfollowings. (1) The general condition
of the patients was good and they could tolerate hepatectomy.
(2) The tumor did not extend beyond half of the liver and had
no distant metastasis. (3) Liver function belonged to Child A or
B and liver function reserve was type P, or P, according to
OGTT, which isatest widely used to evaluate liver function
reservel’?, Briefly, patients were fasted overnight, and the fast
blood glucose (FBS) was measured next morning, then 75 g of
glucose diluted in pure water was given to the patients orally.
One and 2 h after glucose solution was drunk, blood glucose
concentration (BGC) was measured respectively. If BGC efter 2h
was gill higher than that after 1 h, it wasthelinear type (L type).
If BGC after 2 h was between the FBS and that after 1 h, it was
the parabolic type 2 (P, type). If BGC after 2 h was|ower than
7.3 umol/L, it was parabolic type 1 (P, type). P; typeindicated
the best liver function reserve, and patients could tolerate right
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or left hepatectomy. P, typewasmoderate, and patientscould tolerate
segmentectomy or irregular hepatectomy. L typeindicated the poor
liver function reserve, and patients could only tolerate loca tumor
resection. The other 27 unresectable cases were excluded.

Then 29 resectabl e cases were randomized into |PC group
(n = 14) and control group groups (n = 15) by permuted block
without stratification. Our previous study indicated that 1PC
with 5 min of ischemiaand 5 min of reperfusion produced the
best protection on cirrhotic rat liver I/R model™. Therefore,
IPC with these time intervals was applied in these patients.
Prior toliver parenchymal transection under HIO, IPC with5 min
of ischemiaand 5 min of reperfusion was conducted in the IPC
group. No IPC was given prior to liver parenchymal transection
performed under HIO in the control group.

This protocol was performed under the consent of patients
approved by the Ethical Committee of Sun Yat-sen University.

Procedures and biopsy

Generd anesthesiawas performed. Bilateral subcoastal incision
was made. A further abdominal exploration was conducted to
exclude intra-abdomina metastasis. After mobilization of the
liver prior to parenchymal transection, HIO was achieved by
clamping the portal pedicles using atourniquet. Blood inflow
was initiated when hemostasis was achieved after removal of
the tumor. The procedures available in these patients included
irregular hepatectomy, segmentectomy and right/left
hepatectomy according to the tumor’s location and liver
function tests. Liver parenchymawas transected by diathermy
and crushing hepatic tissue with an artery forceps. Tubular
structures on the raw surface were divided and ligated. All
hepatectomies were finished within one time of HIO in our
series, and the time of HIO not including the ischemic phase of
IPC in the IPC group were recorded. I ntraoperative blood loss
was accurately calculated from the suction bottles and surgical
pads. No cell saver was used in our series. BeforeHIOand 1 h
after reperfusion, asmall piece of liver tissue was harvested by
wedge resection in remnant liver. The procedures were
performed by the same surgical team.

Liver function test

Peripheral blood was sampled before operation and on
postoperativedays(POD) 1, 3, 7. Aspartatetransaminase (AST),
alanine transaminase (ALT), total bilirubin (TBIL), albumin
(ALB) were measured using an auto biochemical analyzer
(HITACHI 7 170A, Japan).

Hepatic Caspase-3 activity assay

Caspase-3 activity was quantified by proteolytic cleavage of
thefluorogeni c substrate 7-amino-4-trifluoro-methyl coumarin-
conjugated Asp-Glu-Val-Asp tetrapeptide (AMC-DEV D)1,
Briefly, fresh liver tissue (20 mg) was homogenized in alysis
buffer at 4 °C. After 4 times of freezing and thawing, lysates
were centrifuged at 15 000 g for 10 min, supernatants were
collected. Then Caspase-3 activity was measured using a
fluorescence spectrophotometer (HITACHI F-3 010, Japan) and
a Caspase-3 fluorescenic kit (Sigma Co. USA) according to the
manufacturer’s instructions. Capase-3 activity was expressed
asnmol AMC release per hour per mg liver tissue.

TUNEL assay

Apoptosis was detected by terminal deoxynucleotieyl mediated
nick endlabeling (TUNEL ) assay!™™. Paraffin-embedded liver tissue
was cut into 5-pm thick sections. After deparaffinized in series of
acohol solutions aTUNEL kit (Boehinger Mannheim Co. Germany)
was used according to the manufacturer’ s protocols. Five high
power fields (x400) were sdected randomly in each specimen, for
which apoptotic cells were calculated by a pathol ogist.

Statistical analysis

Dataare expressed asmean+SD. Meanswere compared between
these two groups by t test (continuous data) or chi-square test
(categorical data). P value less than 0.05 was considered
statistically significant.

RESULTS

Clinical characteristics of these two groups

The clinical characteristics (Table 1) including age, gender,
Child’s classification, tumor size, operation procedure,
operationtime, liver ischemictimeand blood |osswere compared
between these two groups, and there was no statistical
significance, indicating that the characteristics of the two
groups were homogeneous and comparable.

Table 1 clinical characteristics of these two groups

Data IPC group  control group P value
Age (yr) 50.4+10.7 49.5+10.3 0.605
Gendelr 0.684
Male 12 12

Female 2 3

Child’s classification 0.684
Grade A 12 12

Grade B 2 3

Grade C 0

OGTT 0.867
P, type

P, type

L type

Cirrhosis* 0.316
(+) 13 12

) 1 3

Tumor size (cm) 7.1+3.6 7.9+2.9 0.544
Procedures 0.971
Right/left hepatectomy 2 2
Segmentectomy 4 4

Irregular hepatectmoy 8 9

Operation times (min) 191.3+74.9 208.2+45.3 0.485
Ischemic times (min) 18.0+3.6 17.4%2.3 0.602
(Range) (15-25) 13-22)

Blood loss (mL) 469.24292.6  602.0+310.6 0.257

!Cirrhosis: (+) referrs to macroscopic cirrhosis, which was
diagnosed during surgery, (-) referrs to that we could not
diagnose cirrhosis during surgery by naked eyes, however, it
was diagnosed mild cirrhosis and hepatitis by microscopic
pathology. The etiology of cirrhosis was hepatitis B virus
infection in our series.

IPC protected cirrhotic liver from I/R injury

Serum AST and ALT levelswere sensitive parametersto assess
the severity of liver injury. As shown in Table 2, on
postoperatived 1, 3, 7, the AST and ALT levelsin the IPC
group were significantly lower than those in the control group
(P<0.05). On postoperatived 3, 7, the TBIL levelsin the IPC
group were also lower than those in the control group (P<0.05).
On postoperative d 1, the ALB level in the IPC group was
higher than that in the control group, but it did not reach
statistical significance. These data suggest that 1PC could
effectively protect cirrhoticliver fromI/Rinjury. I/Rinjury could
inhibit albumin synthesis, however |PC could ameliorate this
abumin-synthesisinhibition.
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Table 2 Comparison of liver functions between two groups before and after operation

AST (U/L) ALT (U/L) TBIL (umol/L) ALB (g/L)
pate Control IPC Control IPC Control IPC Control IPC
Preop 64.7+39.2 60.1+55.4 56.7+£53.9 54.8+45.0 22.6+13.1 18.9+7.4 41.2+5.6 40.6%£3.7
POD1 1856.4+310.9 433.8+143.8° 802.9+280.1  430.9+£179.4° 33.1+23.9 26.7+10.3 32.9+4.6 36.2+3.9
POD 3 409.6+197.4 156.7+52.5° 417.3+162.6 200.9+88.6° 49.1+35.4 25.9+9.22
POD 7 85.3+45.5 56.5+18.92 130.1+49.0 89.9+42.82 39.7+£29.3 22.8+8.0%

Note: preop = preoperation. P<0.05, vs control (independent t test): °P<0.01, vs control (independent t test).

Postoperative mortality, morbidity and hospitalized days
There was ho operative and hospital mortality in both groups.
The common postoperative morbidity was pleural effusion
and liver failure. Pleural effusion was confirmed by chest
X-ray. Postoperative liver failure was defined as the total
bilirubin was higher than 2 times of its normal level, and
massive ascites occurred. Pleural effusion occurredin 2 cases
(14.3%) of the IPC group, and in 5 cases (33.3%) of the control
group (P = 0.390), who needed repeated pleural tapping. No
in the IPC group was complicated with liver failure after
surgery. However, liver failure occurred in 3 cases of the
control group after operation. These 3 patients recovered after
conservative treatment. Other postoperative complications
including subphrenic collection were found in 2 cases of the
control group, who were treated by fine needle aspiration
guided by ultrasound. Bile leakage from the transection
surfacewas found in 1 case of the |PC group, who was cured
by local drainage. No wound infection occurred in both
groups. The mean hospitalized time of the |PC group was 12.8 d,
which was significantly shorter than that of the control group
(12.8+3.1dvs18.6+9.1d, P=0.034).
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Figure 1 Comparison of Caspase-3 activity and SEC
apoptosis between control group and IPC group 2P = 0.047,
vs control, °P = 0.002, vs control, (t test) (casapse-3 activity
unit: nmol AMC: h**. mg™ (tissue)) hpf: high power field.
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Effect of IPC on Caspase-3 activity and apoptosis
Toinvedtigate the effect of |PC on Cagpase-3 activity and gpoptos's,
5 casesin each group were selected prospectively, whose hepatic
Caspase-3 activity and apoptotic cellswere detected respectively.
One hour after reperfusion, the hepatic Caspase-3 activity in
the IPC group was significantly lower than that in the control
group (P<0.05), and subsequently, the apoptotic sinusoidal
endothelial cells (SECs) in the IPC group were also less than
those in the control group (P<0.05) (Figures 1, 2). Only few
hepatocytes underwent apoptosis in the control group in this
checking time point (Figure 2). These data indicated that IPC
inhibited Caspase-3 activity and subsequently SEC apoptosis
inthe remnant liver.

DISCUSSION

Hemmorrhageisthemajor lethal factor during hepatic resection.
Hemostasis can be achieved by HIO or total vascular occlusion.
The latter nevertheless was the safe choice for patients whose
tumor involved major hepatic veins and inferior vena cava®.
But clinically, the vast majority of liver resections do not need
this method for its detrimental effect of systemic circulation
disturbance. HIO or Pringle's maneuver, which has the |least
hemodynamic effect, has been widely used in liver surgery*”.
However, HIO could also result inliver I/R injury, whichisone
of the mgjor factors leading to postoperative liver dysfunction.
Cirrhotic liver is very vulnerable to ischemic injury. Though
warmischemiafor cirrhotic liver should not exceed 30 min, and
the majority of liver resections could be finished within this
limit interval by using diathermy and crushing hepatic tissue
with an artery forceps, the del eterious effect of ischemia could
not beneglected. Inorder tominimizeliver I/Rinjury, intermittent
hepatic inflow occlusion (iHIO) has been used in HCC
resection!*®19, However, massive bleeding might result from
iHIO during reperfusion interval, which might increase blood
transfusion and the possibility of postoperative morbidity and
tumor recurrence?.

Our results demonstrated that HIO could cause massive
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Figure 2 Typical features of apoptosis after 1 h of reperfusion (TUNEL assay, x200). Bold arrows show the SEC apoptosis and the
black arrows indicate scanty of hepatocyte apoptosis. A: IPC group, B: control group.



Li SQ et al. Ischemic preconditioning protects liver from hepatectomy 2583

liver injury and inhibit albumin synthesisin cirrhotic patients.
However, IPC could significantly protect cirrhotic liver fromI/R
injury during hepatic resection under hepatic inflow occlusion
in cirrhotic HCC patients. These were represented by a
dramatically decrease in postoperative AST, ALT and TBIL
levels; arelatively higher serum albumin level; an uneventful
postoperative course and arelatively short hospital stay in the
IPC group.

IPC is asimple procedure, which can produce dramatic
protective effect on I/R injury. However, itsclinica application
israre.

The protective mechanism of 1PC hasnot been fully understood.
Intrinsic nitric oxide (NO) synthesis, adenosine release*® and
decreasing leukocyte/endothelial cell interactiond? have been
reported to be the protective mechanismsunderlying I/R injury.

Apoptosis, or programmed cell death, which is a distinct
form of cell death from necrosis, has been documented to be a
pivotal mechanism responsible for I/R injury encountered in
liver surgery and liver graft preservation'??!, However, this
cd| pathology was challenged by other authors, who documented
that cell necrosiswasthe major cell deathinrat liver I/R model
subjected to 60 or 120 min of ischemia?!. Jaeschke et al.[?",
believed that both apoptosis and necrosis occurred in liver I/R.
Actually, in our previouscirrhotic rat liver I/R model, we used
H&E staining, TUNEL assay and electron microscope to
investigate the cellular pathology, and found that there was no
obvious necrosis but massive hepatocyte apoptosis mediated
by Fas apoptotic pathway subjected to 30 min of liver ischemia
and 6 h of reperfusion(?d, This discrepancy might be dueto the
different time of ischemia and reperfusion used in each
experiment.

Inthisclinicdl trid, wefound that themgjor cell typeundergoing
apoptosis in the control group was SECs subjected to 1 h of
reperfusion, only afew apoptotic hepatocytes were found at
this checking time point. However, in our previous animal
model?¥, after 6 h of reperfusion, massive apoptotic hepatocytes
were seen, indicating that the cell type undegoing apoptosis
might be time dependent. In the rat liver cell apoptosis model
induced by intraperitoneal injection of Fas antibody!*! and
liver graft cold I/R model®!, 1 h after antibody administration
or reperfusion, SEC gpoptos swas predominant. However, 2to6 h
after antibody administration or rerperfusion, hepatocytes were
the major cell type underging apoptosis. Though we did not
check apoptosis after 6 h of reperfusionin thisclinicd trail, we
believed that during this period of time, hepatocytes might
undergo apoptosis predominantly, thus subsequently resulting
inliver injury and clinical manifestations.

Asto the cellular mechanism of |PC related to apoptosis,
Yadav et al.*. reported that the protective mechanism of IPC
underlying hepatocyte and SEC apoptosis was achieved by
inhibiting Caspase-3. It has been found that caspase-3 is a
cysteine specific protease, an “executor” leading to DNA
fragmentation in apoptotic signal cascaded®!. We demonstrated
that |PC could protect cirrhotic liver from I/Rinjury by inhibiting
hepatocyte and SEC apoptosis through down-regulation of
Fas expression and suppression of Caspase-3 activity in cirrhotic
rat liver I/R model®3, In this study, we demonstrated again that
the protective mechanism of IPC against liver I/R injury in
cirrhotic patientswas achieved by inhibiting Caspase-3 activity
and subsequently apoptosis.

Why IPC down-regulates Caspase-3 activity is still under
investigation. IPC could result ininhibition of intringc NO synthesis
Invitro and in vivo studies indicated that NO could inhibit
Capase-3 by S-nitrosation in Cys-163 residue of Caspase-31°2.

In conclusion, IPC can protect potentially cirrhotic liver
against I/R injury when hepatic resection is performed under
hepatic inflow occlusion in HCC patients with cirrhosis. Its
protective mechanism underlying SEC apoptosisis achieved

by inhibiting caspase-3 activity. IPC isasimple procedure with
apotential protective effect, and it isrecommended for clinical
application.
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