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Objective

To compare protection of the liver by ischemic precondition-
ing and intermittent inflow occlusion in a mouse model of pro-
longed periods of ischemia.

Summary Background Data

Preconditioning (short ischemic stress prior to a prolonged pe-
riod of ischemia) and intermittent inflow occlusion protect the
liver against reperfusion injury. This is the first study comparing
these two modalities with continuous inflow occlusion (control).

Methods

Mice were subjected to 75 or 120 minutes of 70% hepatic
ischemia and 3 hours of reperfusion. Each ischemic period
was evaluated using three different protocols: continuous
ischemia (control), preconditioning (10 minutes ischemia
and 15 minutes reperfusion) prior to the prolonged isch-
emic insult, and intermittent clamping (cycles of 15 minutes
ischemia and 5 minutes reperfusion). Organ injury was
evaluated using serum levels of aspartate aminotransferase
(AST), hematoxylin and eosin staining, and specific markers
of apoptosis (cytochrome C release, caspase 3 activity,
and TUNEL staining). Animal survival was determined using
a model of total hepatic ischemia.

Results

Intermittent inflow occlusion and ischemic preconditioning
were both protective against ischemic insults of 75 and 120
minutes compared with controls (continuous ischemia only).
Protection against 75 minutes of ischemia was comparable in
the intermittent clamping and the ischemic preconditioning
group, whereas intermittent clamping was superior at 120
minutes of ischemia. One hundred percent animal survival
was observed after 75 minutes of total hepatic ischemia using
both protective protocols, whereas all animals subjected to
continuous ischemia died after surgery. After 120 minutes of
ischemia, intermittent inflow occlusion was associated with
better animal survival (71%) compared with preconditioning
(14%).

Conclusions

Preconditioning and intermittent clamping are both protective
against prolonged periods of ischemia. In the clinical setting,
preconditioning is superior for ischemic periods of up to 75
minutes because it is not associated with blood loss during
transection of the liver. However, for prolonged ischemic in-
sults exceeding 75 minutes, intermittent clamping is superior
to preconditioning.

Major liver resections are associated with a significant
risk of bleeding. Strategies to prevent blood loss during
transection of the hepatic parenchyma include vascular oc-
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clusion either by inflow (Pringle maneuver) or by a combi-
nation of inflow and outflow (total vascular exclusion) oc-
clusion.*® Because the liver poorly tolerates prolonged
periods of ischemia with irreversible damage occurring
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about 1 hour after interruption of the blood supply, various
protective strategies have been developed. Intermittent in-
flow occlusion (intermittent Pringle maneuver)”® and isch-
emic preconditioning® extend safe periods of ischemia dur-
ing hepatic surgery.

Intermittent inflow occlusion, first reported by Makuuchi
et a in 1987,2 has gained wide popularity, particularly in
Asa Various protocols have been recommended using periods
of inflow occlusion ranging between 10 and 30 minutes fol-
lowed by periods of 5 to 15 minutes of reperfusion 819712 A
number of experimental’®** and dlinicad“®'® sudies
have shown better tolerance of the liver to intermittent clamp-
ing of the portal triad compared with continuous inflow occlu-
sion. For example, van Wagensveld et a*® showed in a pig
model that intermittent clamping dramatically reduced serum
levels of aspartate aminotransferase (AST) with improved up-
take of hyaluronic acid, suggesting better sinusoidal endothe-
lia cel function, protection of hepatocytes, and improved
microcirculation.® A randomized clinical study in liver resec-
tion patients by Belghiti et a” showed that intermittent clamp-
ing using multiple cycles of 15 minutes of ischemia and 5
minutes of reperfusion is associated with decreased injury
compared with similar periods of continuous inflow occlusion.
In Japan, ischemic times up to 320 minutes using intermittent
clamping were safely used in patients undergoing major liver
resection.”” However, drawbacks associated with intermittent
occlusion include blood loss from the transected surface of the
liver during the successive periods of reperfusion” and in-
creased duration of surgery. In addition, athough the protec-
tive effects of intermittent clamping have been repeatedly
shown, our insight into the mechanisms of protection remains
Speculative.

Ischemic preconditioning has been applied only recently
to hepatic surgery.® The concept of ischemic precondition-
ing is based on the biologic principle that tissue primed by
various types of sublethal stress develops tolerance to sub-
sequent lethal injury.'® In 1986, Murry et a*® identified in
the heart the protective potential of a short period of isch-
emia (ischemic preconditioning) in preventing injury from
subsequent prolonged periods of ischemia. The protective
effects of ischemic preconditioning were subsequently de-
scribed in various tissues, including the liver.2>* We re-
cently demonstrated in a mouse model that ischemic pre-
conditioning protects against lethal ischemic stress through
downregulation of the apoptotic pathway.>* Various medi-
ators have been implicated in the protective mechanisms of
ischemic preconditioning (e.g., nitric oxide,?° adenosine,®
and others®). We recently provided evidence that a precon-
ditioning period of 10 minutes followed by 10 minutes of
reperfusion confers protection against prolonged ischemic
insults in patients undergoing liver resections.® One advan-
tage of ischemic preconditioning over intermittent clamping
is the absence of blood loss associated with this technique.®

Although strong evidence now exists regarding the pro-
tective effects of intermittent inflow occlusion and ischemic
preconditioning, no comparative study is currently avail-
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able. Therefore, we evaluated the effects and underlying
mechanisms of intermittent clamping and ischemic precon-
ditioning in a model of prolonged ischemic injury in the
murine liver. Animals undergoing continuous hepatic in-
flow occlusion served as controls.

METHODS
Study Design

The experimental groups included intermittent clamping
and ischemic preconditioning prior to a continuousischemic
insult. Continuous occlusion without protection served as
controls. Two different periods of continuous occlusion
were tested. First, an interval of 75 minutes of hepatic
ischemia was chosen because it represents the minimal
insult associated with consistent animal death.?? Second, an
ischemic interval of 120 minutes was chosen, which is
beyond the limits for animal survival after ischemic precon-
ditioning in our model.?2

Protocols of Organ Protection

We have previously tested various protocols of ischemic
preconditioning.?? In this study, we chose the most effective
protocol of ischemic preconditioning, which consisted of 10
minutes of ischemia followed by 15 minutes of reperfusion
followed by the prolonged ischemic insult.?® Intermittent
clamping consisted of five or eight cycles of 15 minutes of
ischemia followed by 5 minutes of reperfusion. This is
currently the most popular clinical protocol used in experi-
enced centers.’

Animals

Male wild-type mice (C57BL6, Jackson Lab, Bar Harbor,
ME) were used in al experiments. Animas were fed a
laboratory diet with water and food ad libitum until use and
were kept under constant environmental conditions with
12-hour light/dark cycles. All procedures were performed in
accordance with Duke Institutional Animal Care Committee
guidelines.

Partial Hepatic Ischemia

A nonlethal model of segmental (70%) hepatic ischemia
was used as previously described.?® Surgery was performed
under isoflurane anesthesia (Hal ocarbon Laboratories, River
Edge, NJ). Briefly, the abdomen was entered through a
midline incision and the liver was freed from its ligaments.
The portal triad was dissected and a microvascular clamp
(Aesculap, San Francisco, CA) was placed, conferring isch-
emiato the median and the | eft lobes. M esenteric congestion
was avoided by allowing intestinal blood flow through the
right and caudate lobes. During ischemic periods, the abdo-
men was closed by running suture with 4-0 chromic gut
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(Ethicon, Somerville, NJ). The anima was kept under an-
esthesia on reperfusion. Reperfusion was initiated by re-
moving the clamp. The animal was allowed to recover from
anesthesia during the 3 hours of reperfusion.

Total Hepatic Ischemia

Animal survival was evaluated using a modification of
our previously described technique of total hepatic isch-
emia.?® Briefly, after theischemic interval the abdomen was
reopened and the microclamp was removed. The right and
caudate lobes were then resected, leaving only ischemic
tissue in place. The abdomen was closed and the animals
recovered from anesthesia and were closely monitored for 7

days.

Serum Enzyme Analysis

Serum levels of AST were used as a general marker of
hepatocyte injury. Blood samples were obtained after 3
hours of reperfusion from the inferior venacava. Blood cells
were pelleted by immediate centrifugation at 8,000g for 10
minutes. Enzyme levels were measured using the serum
multiple biochemical analyzer (Ektachem DTSCII, Johnson
& Johnson, Rochester, NY).

TUNEL Staining

Apoptosis|eads to specific DNA strand breaks that can be
labeled with modified nucleotides in an enzymatic reaction
involving terminal deoxynucleotidyl transferase (TUNEL).
Livers underwent in vivo fixation by perfusion with 4%
paraformaldehyde (Sigma, St. Louis, MO) in phosphate-
buffered saline through the portal vein. Frozen sections (5
um) of the fixed tissue were prepared and stained by the
TUNEL method using a commercial kit (Boehringer Mann-
heim Co., Indianapoalis, IN) according to the manufacturer’s
recommendations. Morphometric analysis of the fluorescent
cells was performed under high-power magnification
(400X) in a blinded fashion.

Caspase Activity

Caspase-3 activity was determined by measuring proteo-
lytic cleavage of the specific substrate n-acetyl-Asp-Glu-
Val-Asp-7-amino-4-trifluoromethyl coumarin (Ac-DEVD-
AFC; Biomol, Plymouth Meeting, PA) in the presence or
absence of the specific inhibitor n-acetyl-Asp-Glu-Val-Asp-
CHO (Ac-DEVD-CHO; Biomal). Liver tissue was quickly
excised and sonicated in assay buffer (1 mmol/L ethyl-
enediaminetetraacetic acid, 145 mmol/L NaCl, 100 mmol/L
Tris, 0.1 mmol/L DTT, 0.1% CHAPS, 10% glycerol [all
from Sigma]). Protein content was determined using the
Bradford protein assay (Biorad, Hercules, CA). The sam-
ples were incubated at room temperature with Ac-DEVD-
AFC substrate in the presence or absence of the inhibitor
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Ac-DEVD-CHO. AFC release is expressed as arbitrary flu-
orescence units per milligram of liver tissue after subtract-
ing the reading in the inhibited sample from the noninhib-
ited sample.

Cytochrome C Release

The cells were homogenized in 10 vol/wt assay buffer (20
mmol/L HEPES-KOH [pH 7.4], 10 mmol/L KCl, 1.5 mmol/L
MgCl,, 1 mmol/L EDTA, 1 mmol/L EGTA, 1 mmol/L DTT,
0.1 mmol/L PMSF, 250 mmol/L sucrose [al from Sigma])
using a Dounce grinder (Kontess Glass Co., Vineland, NJ).
Unbroken cells and nuclel were pelleted at 400g for 5 minutes.
The supernatants were further centrifuged at 12,000g for 10
minutes at 4°C to pellet the mitochondria. The supernatant was
boiled with an equal volume of 2x SDS sample buffer®’ for 90
seconds and subjected to 4% to 20% SDS-PAGE (Novex, San
Diego, CA). The proteinswere transferred onto anitrocellulose
filter. Blots were probed with a rabbit polyclona anticyto-
chrome C antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) followed by a secondary antibody conjugated to horse-
radish peroxidase and detected with enhanced chemilumines-
cence detection reagents (Amersham, Piscataway, NJ).

Statistical Analysis

Results are expressed as means + standard error. Data
were analyzed using SPSS software version 9.0.0 (SPSS
Inc., Chicago, IL). Differences between the groups were
evaluated using analysis of variance, and then pairwise
comparisons were performed with the Tukey post hoc pro-
cedure. Animal survival was compared using the Fisher
exact test. P = .05 was considered statistically significant.

RESULTS

Effects of Ischemic Preconditioning and
Intermittent Inflow Occlusion on
Hepatocellular Injury After Prolonged
Ischemia

The effects of ischemic preconditioning and intermittent
clamping were evaluated in a mouse model of partial he-
patic ischemia. Serum transaminase levels, an established
marker of hepatocyte injury,?® and liver tissue were ana-
lyzed 3 hours after reperfusion in animals subjected either to
75 or 120 minutes of ischemia. Each group included five
animals.

Levels of AST were significantly lower in animals sub-
jected to ischemic preconditioning and intermittent clamp-
ing after 75 minutes of ischemia compared with mice
treated with 75 minutes of continuous clamping only (P <
.001, analysis of variance) (Fig. 1). AST levels were com-
parable in the ischemic preconditioning and intermittent
inflow occlusion groups (P = .4, Tukey). After 120 minutes
of ischemia, AST levels were lower in the intermittent
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Figure 1. Serum levels of aspartate transaminase (AST) served as
markers of hepatocyte injury. AST levels were measured after 75 or 120
minutes of ischemia and 3 hours of reperfusion. Similar protection was
observed after 75 minutes of ischemia in the intermittent clamping
group (Interm.) and the ischemic preconditioning group (I/Pr) (P = .4,
Tukey). After 120 minutes of ischemia, intermittent clamping was supe-
rior to both other groups. Continuous ischemia (Control) was associ-
ated with the highest AST levels after both ischemic periods (P < .001,
analysis of variance) (mean = standard error, n = 5 per group).

occlusion group compared with both other groups (P <
.001, analysis of variance). However, levelsin the ischemic
preconditioning animals remained significantly lower than
in the controls (P = .01, Tukey).
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Morphologic changes in the parenchyma were deter-
mined using liver sections stained with hematoxylin and
eosin after 3 hours of reperfusion. The parenchymal appear-
ance was normal after ischemic preconditioning and inter-
mittent clamping with an ischemic insult of 75 minutes of
ischemia. In contrast, after 75 minutes of continuous isch-
emia, we observed large confluent areas of tissue destruc-
tion with blood congestion in the sinusoids, cellular lysis,
and cytoplasmic vacuolization with minimal inflammatory
infiltrations (Fig. 2). A similar pattern of parenchymal de-
struction was observed in the ischemic preconditioning
group after 120 minutes of continuous inflow occlusion. In
contrast, the parenchyma was well preserved in the inter-
mittent clamping group after 120 minutes of ischemia.

Effects of Ischemic Preconditioning and
Intermittent Inflow Occlusion on
Apoptotic Cell Death

Apoptosis of hepatocytesis a central feature of cell death
after reperfusion of the warm ischemic liver.?>%% we
recently found that the protective effects of ischemic pre-
conditioning involved dramatic protection against apopto-
sis.? Liver samples were evaluated 3 hours after reperfu-
sion in each group because the degree of apoptosis is
maximal at this time point.??

We used the TUNEL assay to quantify the number of
apoptotic hepatocytes with characteristic DNA fragmenta-
tion. When compared with continuous occlusion, both isch-

Control

Figure 2. Tissue sections stained with hematoxylin and eosin. Representative histologic appearance of
livers subjected to either 75 or 120 minutes of ischemia and 3 hours of reperfusion. Normal parenchyma was
observed after ischemic insults of 75 and 120 minutes using intermittent clamping and after 75 minutes with
preconditioning. Severe parenchymal alterations were observed in the control groups (75 and 120 minutes
of continuous ischemia only) and with ischemic preconditioning in livers subjected to 120 minutes of
ischemia.
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Figure 3. TUNEL staining was used to quantify the degree of apopto-
sis in liver tissue after either 75 or 120 minutes of ischemia and 3 hours
of reperfusion. Intermittent clamping (Interm.) and ischemic precondi-
tioning (I/Pr) were both associated with a minimal number of apoptotic
hepatocytes after 75 minutes of ischemia. Ischemic preconditioning did
not completely prevent apoptosis after 120 minutes of ischemia but
was still significantly lower than the controls (continuous ischemia only)
(P = .001, analysis of variance; n = 5 per group; mean * standard
error).

emic preconditioning and intermittent clamping were asso-
ciated with complete prevention of apoptosis after 75
minutes of ischemia (Fig. 3). After 120 minutes of ischemia,
the protective effects of ischemic preconditioning against
apoptosis were partially lost, whereas the degree of apopto-
sis remained low in the intermittent clamping group.

Effects of Ischemic Preconditioning and
Intermittent Inflow Occlusion on Cellular
Mediators of Apoptosis

To evaluate further the mechanisms leading to apoptotic
cell death, we measured two established mediators of apop-
tosis in each group, the release of cytochrome C from the
mitochondriainto the cytoplasm, and cytoplasmic caspase-3
activity. Both intermittent clamping and ischemic precon-
ditioning significantly prevented the release of cytochrome
C after 75 and 120 minutes of ischemia compared with the
respective controls (continuous clamping) (Fig. 4). The
activity of caspase-3, which is located further downstream
of the apoptotic cascade, was also significantly decreased
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IPR IC Cont IPR IC__ Cont
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Figure 4. Cytoplasmic cytochrome C (Cyt.c). Hepatic protection by
ischemic preconditioning (IPR) and intermittent clamping (IC) prevented
cytochrome C release from the mitochondria into the cytoplasm after 75
and 120 minutes of ischemia and 3 hours of reperfusion compared to
the controls (Cont; continuous ischemia only) as assessed by Western
blot analysis.
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Figure 5. Caspase-3-like activity was evaluated in tissue after 3 hours
of reperfusion using a fluorometric assay. After 75 minutes of ischemia,
no difference was observed between intermittent clamping (Interm.)
and ischemic preconditioning (I/Pr) (P = .38, Tukey). After an ischemic
insult of 120 minutes, caspase-3-like activity was significantly lower in
the intermittent clamping group compared with the ischemic precondi-
tioning group (P = .03, Tukey). The control groups (continuous isch-
emia only) were associated with the highest caspase-3 activities after
both ischemic periods (P = .01 after 75 minutes and P = .001 after 120
minutes, analysis of variance). AFU, arbitrary fluorescence units; n = 5
per group; mean = standard error.

after intermittent clamping and ischemic preconditioning
after both ischemic intervals (P = .01 after 75 minutes and
P = .001 after 120 minutes, analysis of variance, n = 5).
However, caspase-3 activity was significantly higher after
120 minutes of ischemia in the ischemic preconditioning
group compared with values in the intermittent clamping
group (P = .03, Tukey) (Fig. 5).

Effects of the Various Modalities of
Inflow Occlusion on Animal Survival

To confirm the clinical relevance of the biochemical and
histologic findings, we evaluated animal survival using our
model of total hepatic ischemia. After 75 minutes of isch-
emia, consistent animal survival (100% [7/7]) was observed
with both ischemic preconditioning and intermittent clamp-
ing. In contrast, al animals undergoing continuous ischemia
died within 3 days of surgery (Table 1) (P < .001, Fisher
exact test, n = 7). After 120 minutes of ischemia, the
intermittent clamping protocol was still associated with

Table 1. ANIMAL SURVIVAL*
Ischemia time 75 min 120 min
Continuous inflow occlusion (control) 0% (0/7) 0% (0/7)
Ischemic preconditioning before the 100% (7/7)t  14.3% (1/7)

prolonged ischemic insult

Intermittent clamping 100% (7/7)t  71.4% (5/7)t

* Animal survival was evaluated using our model of total hepatic ischemia.?®
n=7;1P = .05vs. controls, Fisher exact test.
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71% (5/7) animal survival, whereas it was poor in the
preconditioning group (14% [1/7]) and after continuous
occlusion only (0% [0/7]).

DISCUSSION

Intermittent inflow occlusion”® and ischemic precondi-
tioning®2%2? protect the liver against long periods of isch-
emia. In this study, we compared these two strategies with
animal's subjected to periods of continuous inflow occlusion
only. Based on various parameters of tissue injury and
animal survival, we found that ischemic preconditioning is
comparable to intermittent clamping for ischemic times of
up to 75 minutes. However, for longer periods of ischemia
(120 minutes), intermittent clamping appeared superior to
ischemic preconditioning.

Most experienced centers in hepatobiliary surgery use
periods of inflow occlusion of lessthan 75 minutes for most
types of hepatic resection.>™ In these cases, ischemic pre-
conditioning seems to be the preferred modality of protec-
tion. Although ischemic preconditioning and intermittent
clamping offer the same degree of parenchymal protection,
ischemic preconditioning is not associated with the in-
creased risk of blood loss inherent to techniques of inter-
mittent clamping”3' and does not extend the duration of
surgery. We recently demonstrated that ischemic precondi-
tioning could be easily performed during preparation of the
liver for resection, and thus without having a negative
impact on the duration of surgery.®

A growing body of evidence suggests that protective
strategies are advised even for short periods of ischemia.® In
arecent clinical study in liver resection patients, we found
that ischemic preconditioning is protective against 30 min-
utes of ischemia, with reduction of serum transaminase
levels more than twofold compared with a group of patients
subjected to continuous ischemia only.® From the data pre-
sented here, ischemic preconditioning appears to be the
best-known protective modality. For periods of hepatic
ischemia beyond 75 minutes, intermittent clamping was
superior to ischemic preconditioning in our model. How-
ever, only a few protective modalities have been tested so
far for the uncommon situation of very long periods of
ischemia. More efficient protocols might be developed, for
example with strategies combining the two protocols. Be-
cause ischemic preconditioning is highly effective against a
period of up to 75 minutes, we could imagine beginning
with an ischemic preconditioning protocol and then switch-
ing to intermittent clamping when the ischemic time ex-
ceeds 75 minutes. Of note, the tolerance of the murine liver
against ischemia appears to be comparable to that of the
human liver.%?2 Therefore, it could be conceivable to design
a safe human study in patients undergoing liver resection to
identify the best strategy. The aim of such studies would be
to find a balance between parenchymal protection and blood
loss with minimal impact on the duration of surgery.

Our recent studies in the ischemic rodent®* and human®
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liver have pointed to apoptosis as a central feature of hepa-
tocyte injury. Ischemic preconditioning was subsequently
found to confer protection through downregulation of
caspase activities and apoptosis.? Therefore, afocus of this
study was on the evaluation of the apoptotic pathway in the
model of intermittent clamping. All specific markers for
apoptosis (i.e.,, TUNEL staining, cytochrome C release, and
caspase-3 activities) were decreased after intermittent
clamping or ischemic preconditioning prior to the prolonged
ischemic insult. These findings correlated with the decrease
in serum AST levels and improved animal survival. Taken
together, downregulation of apoptotic cell death appears to
be a central mechanism of protection, rather than only an
epiphenomenon.?*

Staining with hematoxylin and eosin was used to evaluate
morphologic changes in the postischemic liver tissue. In
tissue subjected to continuous inflow occlusion (with either
75 or 120 minutes of ischemia) and in the preconditioning
group with 120 minutes of ischemia, we observed a pattern
of tissue destruction that could also be a result of necrotic
changes. However, al the specific markers studied pointed
to apoptosis as the major mechanism of tissue injury in our
model. The involvement of mediators of apoptosis has also
been suggested by others.**=* For example, Cursio et a3
found that inhibition of caspases protects against reperfu-
sion injury after normothermic ischemia. In addition, we®
and others® showed that overexpression of the antiapop-
totic protein Bcl-2 is highly protective against reperfusion
injury in the ischemic liver. It is therefore possible that the
morphologic changes observed in the stained slides might
be the results of rapid and massive development of apopto-
sisinvolving large areas of the ischemic lobes. The intense
hypoxic stress from the ischemic insult may lead to this
confluent tissue alteration, which contrasts with the dissem-
inated destruction of single cells observed in other models
of in vivo hepatocyte apoptosis (e.g., chronic hepatitis C**
or hepatic alograft rejection®).

Although we are beginning to understand the basic path-
ways of ischemic preconditioning,?>?3® our insight into
the mechanisms of intermittent clamping was limited. This
study provides the first evidence that intermittent clamping,
as ischemic preconditioning, induces inhibition of apoptosis
with prevention of cytochrome C release and caspase-3
activation. However, the triggering mechanisms of inhibi-
tion of the apoptotic pathway remain elusive. Intermittent
clamping seems to initiate additional factors conferring
persistent protection. The successive periods of reperfusion
may provide the cells with a sufficient energy reserve to
initiate and maintain synthesis or activation of protective
factors, such as heat shock proteins or transcription factors,
including heme oxygenase-1,'83° AP-1,%° or NFkB.** An-
other possible mechanism might involve repeated flushing
of the liver, with resulting washout of harmful factors from
the vascular bed (e.g., activated blood cells,***® oxygen free
radicals,*® or proinflammatory cytokines*). Accumulation
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of these factors might explain the failure of ischemic pre-
conditioning to protect against long ischemic insults.

Patients with chronic liver diseases (cirrhosis or steatosis)
remain a major chalenge in hepatic surgery. It has been
suggested that steatotic®®#® and cirrhotic*®*”*® livers are
particularly susceptible to ischemic insults. Therefore, the
need for organ protection against ischemic injury is of
particular importance in this population. However, neither
intermittent clamping nor ischemic preconditioning has
been thoroughly tested in the setting of chronic liver dis-
ease, but limited data suggest efficient organ protection with
both modalities. We® and Belghiti et a’ found significant
protection by ischemic preconditioning and intermittent in-
flow occlusion, respectively, in patients with hepatic steato-
sis as determined by transaminase levels. Efficient organ
protection might open new avenues in the treatment of this
large patient population.

In conclusion, this study indicates that organ protection
through ischemic preconditioning is comparable to intermit-
tent clamping for ischemic periods of up to 75 minutes.
I schemic preconditioning is probably superior in the clinical
setting because it is not associated with blood loss during
the multiple cycles of unclamping. Tissue protection
through intermittent clamping is superior for ischemic pe-
riods exceeding 75 minutes. These results should now lead
to clinical trias.
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