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SUMMARY

Hepatic ischemia reperfusion injury is a complex patho-physiology with a number contributing factors. Ischemia insult

can lead to sublethal cell injury, which is aggravated by the formation of reactive oxygen from various intracellular sources during

reperfusion. In addition, formation of proinflammatory mediators and the recruitment and activation of macrophages, neutrophil

and lymphocyte can further enhance the injury. Microcirculatory disturbances lead to underperfused areas in the liver and may

cause ischemic injury. Hepatic IR injury involves interaction between different cell types and a variety of cellular and molecular

mechanisms including kupffer cells activation, formation of ROS, release of cytokines and chemokines, neutrophil recruitment,

mitochondrial permeability transition and pH paradox. There are two distinct phase of liver injury after warm ischemic reperfusion,

such as early phases and followed by late phases. Clinical presentation of hepatic ischemic reperfusion injury in sepsis, including

sepsis-associated cholestasis, hepatitis ischemic, cholangitis lenta and progressive sclerosing cholangitis.

INTRODUCTION

Hepatic ischemia reperfusion injury is a phe-

nomenon whereby cellular damage in hypoxic liver is

accentuated following the restoration of oxygen deliv-

ery. Of note, injury to the liver after any type of ischemia

is apparent mainly after reperfusion when oxygen sup-

ply and blood element are restore to the liver. Hepatic

ischemic reperfusion injury can be categorized into warm

ischemic reperfusion and cold-storage reperfusion in-

jury.1 Warm ischemic injury is common during sepsis or

septic shock. Ischemia is tolerated only a period of about

1 h in normal individual and about 30 min in cirrhosis

liver, and the duration of ischemia correlates with the

degree of reperfusion injury. Warm ischemia leads rap-

idly to the death of hepatocytes.2 Hepatic ischemia fol-

lowed by reperfusion results in severe injuries that con-

tribute to the morbidity and mortality associated with

shock.3 Although substantial progress has been made in

elucidating mechanisms ischemic-reperfusion injury,

there still need to better understand of the pathophysi-

ological processes.4

HEPATIC ISCHEMIA REPERFUSION INJURY

In the hepatic ischemia reperfusion injury, con-

troversy has emerged in recent years over whether ne-

crotic or apoptotic cell death account for severe paren-

chymal injury. Some reported that the overwhelming part

of parenchymal injury observed is caused by massive

necrotic alterations. In contrast, that specific inhibition

of apoptosis significantly prevented parenchymal injury

and improved survival after prolonged periods of is-

chemia. The apoptotic cell death is initiated by binding
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of tumor necrosis factor (TNF)-alpha to the specific re-

ceptor TNF-R1 on the cell membrane of hepatocyte in

warm ischemic injury. The apoptotic signal is then trans-

ferred into the cell where different caspases are acti-

vated .This process leads to DNA fragmentation and cell

death. In this process mitochondria act as amplifiers of

signal, allowing even weak signals to have deleterious

effects. With blocking early mechanisms of apoptosis

(phase 1 and 2) can prevent parenchymal injury.2

Hepatic ischemia reperfusion injury is a complex

patho-physiology with a number contributing factors.

Ischemia insult can lead to sublethal cell injury, which

is aggravated by the formation of reactive oxygen from

various intracellular sources during reperfusion. In ad-

dition, formation of proinflammatory mediators and the

recruitment and activation of macrophages, neutrophil,

and lymphocyte can further enhance the injury. Micro-

circulatory disturbances lead to underperfused areas in

the liver and may cause ischemic injury. During

reperfusion, cells are kills by a combination several

mechanisms including intracellular oxidant stress, ex-

posure to external cytotoxic mediators, and prolong is-

chemia. Cells death of hepatocytes and endothelial cells

during reperfusion is characterized by swelling of cells

and their organel, release of cells contents, eosinophilia,

karyolysis, and induction of inflammation are charac-

teristic for necrosis, however, that most of liver cells

actually die by apoptosis, that characterized by cells

shrinkage, formation of apoptotic bodies with intact cell

organelles and the absence of inflammation, especially

during the first 3-6 h of reperfusion.4

Most of damage after hepatic ischemia occur dur-

ing reperfusion. Ischemia reperfusion injury is charac-

terized by inflammation and vascular occlusion during

reperfusion periods. The degree of liver damage that

occurs as a primary injury during ischemia, could be

aggravated by secondary damage that occurs during

reperfusion. Inflammatory event that occurs during

reperfusion leads to disruption of the integrity of the

vascular endothelium and sinusoids, platelet aggrega-

tion, immunocyte activation (monocyte/macrophages,

kupffer cells, neutrophil), chemokine and cytokine se-

cretion, and complement activation. Induction of

chemokines has been suggestive as a possible contribu-

tory factors in ischemic reperfusion injury-induced in-

flammation. Certain chemokines  act as activator of neu-

trophil and monocyte diapedesis in the early stage of

reperfusion injury. Chemokines may trigger the expres-

sion of adhesion molecule (p-selectin, ICAM). CXC

chemokines production from kupffer cells decreases the

degree of liver damage during ischemic reperfusion. Has

been thought that T cells are recruited in late stage (48-

72h) but not in the early stage (24h) reperfusion injury,

but small number of T-lymphocyte that participate in

early ischemic reperfusion injury.5

 The liver injury induced by ischemia-reperfusion

has two distinct phases.

The initial phases (early phases), of this response char-

acterized by activation of kupffer cells and their pro-

duction of reactive oxygen species (ROS), leading to

mild hepatocellular injury. The generation of oxidant

during this phase is also thought activate redox-sensi-

tive transcription factors such as NF-kB and activator

protein-1, which control of expression of pro-inflam-

matory mediators, such as TNF-alpha. The expression

of TNF-alpha followed by later phases (late phases) of

the liver injury characrized by the induction of second

mediators, including neutrophil-attracting CXC

chemokines and endothelial adhesion molecules, which

facilitate the adhesion and transmigration of neutrophils

from the vascular space into the hepatic parenchyma.

Accumulated neutrophil release oxidant and proteases

that directly injure hepatocyte and endothelial cells and

may also obstruct hepatic sinusoids, resulting hepatic

hypoperfusion.6

Acute primary apoptosis during early reperfusion

is crucial to the initiation of reperfusion-induced inflam-

mation, but TNF-alpha as a central of inflammatory
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mediators was shown to contribute to late apoptosis of

hepatic ischemic injury. TNF-alpha is also an inducer

of the acute phase response (APR) including alpha1 acid

glycoprotein AGP) and alpha1-antitrypsin (AAT). These

two major acute phase protein exhibit various anti-in-

flammatory effects and have been shown to prevent

hepatocyte apoptosis.7

Hepatic steatosis is a major risk factor in ischemic

reperfusion, steatosis had increased lipid peroxidation

and hepatic injury, however steatosis can decreased sur-

vival after 60 minutes ischemia. Several hypothesis has

been suggested to explain the decreased tolerance of

steatotic liver to ischemic reperfusion injury, include

increased 1) lipid peroxidation, 2) neutrophil infiltra-

tion, 3) microcirculatory alteration, 4) release of

proinflammatory such as TNF-alpha. Ischemic precon-

dition is an endogenous protective mechanisms by which

brief periods of vascular occlution, confer protection

against subsequent sustained ischemic reperfusion. De-

spite intensive investigations, the underlying mecha-

nisms remain to be elucidated.8

Resident cells intrahepatic activation during hepatic

ischemia reperfusion injury

 An excess of inflammatory response is clearly

recognized as a key mechanism of injury during ischemic

reperfusion. In the early phases of hepatic ischemic

reperfusion injury shown activated of kupffer cells, mi-

tochondria and endothelial cells, than in the late phases

shown recruitment of neutophil and T cells lymphocytes.

With consequences release of oxidant stress.

Proinflammatory cytokines, protease, nitric oxide, car-

bon oxide in early reperfusion and release of adhesion

molecule (ICAM-1, P-selectin) in the late reperfusion.4

When hepatic ischemia reperfusion injury was

happens, a series of metabolic and structural and func-

tional disorders of hepatic tissue cells would occurs,

which directly influence the prognosis of patients.

Apoptosis is a way of cells death is significant for main-

taining normal cells development and stabilization, and

it is closely related to initiation and development of clini-

cal manifestation, and also participates in hepatic

reperfusion injury. Mitochondria as one of organelle of

cells play an important role in providing energy, adjust-

ing osmotic pressure, calcium balance, pH value and

cell signaling. Mitochondria confirm their function by

production of ATP and ROS which are know as signals

regulating gene expression and triggering cell death. The

changes of structure and function of mitochondria was

shown in hepatic ischemic reperfusion injury.

In hepatic ischemic reperfusion injury, several of

stress factors can activate the apoptotic pathway medi-

ated by mitochondria, which leads to increases the

apoptosis, decreases of total number of parenchyma

cells, and thus hepatic tissue and liver function are se-

verely damaged. Mitochondria apoptotic pathway par-

ticipates in hepatic reperfusion injury, and is a ring-point

in these complicated mechanisms.9

Kupffer cells, the resident macrophages of the

liver, are activated after ischaemia/reperfusion stress, and

have been recognized to produce ROS, proinflammatory

cytokines, chemokines, and other mediators. Pharma-

cological inactivation of Kupffer cells has been reported

to suppress hepatic ischaemia/reperfusion injury, sug-

gesting pathogenetic involvement of these macrophages.

A transcription factor, nuclear factor kB (NFkB), has

been determined to be crucial in the cascade bringing

about Kupffer cell activation. ROS produced by Kupffer

cells have been proposed to activate DNA binding ac-

tivity of NF-kB in these cells. Thus inactivation of NF-

kB in Kupffer cells might be of clinical value in block-

ing injurious events in total hepatic ischaemia/

reperfusion. In hepatic ischaemia/reperfusion injury,

activated liver macrophages (Kupffer cells) are domi-

nantly regulated by a transcription factor, nuclear factor

kB (NF-kB), with respect to expression of inflamma-

tory cytokines, acute phase response proteins, and cell

adhesion molecules.10
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Fig 1. Mechanisms of warm ischemic injury. Major pathways

include TNF- alpha mediated apoptosis, dysregulation of ion

distribution, and the generation of reactive oxygen interme-

diates (ROI)4

The NO radical is generated in the liver by con-

stitutively expressed eNOS or iNOS. However eNOS

is only expressed in sinusoidal endothelial cells, and

iNOS can be transcriptionally up-regulated in endothe-

lial cells, hepatocyte and other liver cells types.

NO is potent vasodilator, which diffuse freely

cross membrane and acts intracellularly by activation

guanylate cyclase. In response to vasoconstrictors, NO

can induced vasodilatation at the level of sinusoid as

well as at presinusoidal sites. In addition to vasodilatory

effect, NO reacts with superoxide to form the potent

oxidant peroxynitrite. It has been assumed that eNOS-

derived NO is responsible for maintaining liver blood

flow and excessive NO formation by iNOS may lead to

peroxynitrite-induced injury as well as systemic effects.

Microcirculatory disturbances and nonperfused sinuso-

ids are well recognized phenomena that contribute to

reperfusion injury after hepatic ischemia. Endothelins

have been identified as the most potent vasoconstric-

tors generated during reperfusion, and NO are produced

to effectively counteract the enhanced vasoconstrictive

state during reperfusion.4

 The injurious effect of I/R presents with a spec-

trum of clinical manifestations ranging from asymptom-

atic elevation of liver enzymes to acute liver failure and

death.

It has been suggested that the response of the he-

patic endothelium to I/R plays a key role in the devel-

opment of injury. eNOS-derived NO may protect the

liver from hepatic I/R-induced injury may related to its

inhibition of platelet aggregation and adhesion as well

as attenuation of endothelium-leukocyte interactions, all

of which may be beneficial to reduce hepatic I/R injury.

TNF-α has been shown to play a critical role in inflam-

matory responses during hepatic I/R injury. It was also

found that eNOS-derived NO may protect animals after

hepatic I/R by protecting the liver from the injurious

effects of TNF-α.11

The process of leukocyte recruitment in the liver

is quite different to other organ due to architecture spe-

cialties of hepatic microcirculature, such as dual blood

supply, low pressure vascular system, fenestrated en-

dothelium, and lack of basal membrane in sinusoids.

Expression pattern of adhesion molecule is different.

The hepatic sinusoids lack of expression of selectin,

however the post sinusoids venule, selectins mediate

initial leukocyte rolling, while betha2-integrins respon-

sible for subsequent leukocyte adherence to the endot-

helium. In the sinusoids, leukocyte accumulation is not

preceded by rolling, does not require selectins, but me-

diated by expressed endothelial intracellular adhesion

molecule-1and vascular adhesion protein-1.12
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Fig.2. Mechanisms of neutrophil adhesion and transmigra-

tion. Initial interaction between neutrophil and endothelium ,

including adhesion and rolling, are mediated by selectins.

Chemokine gradients in the liver parenchyma direct transmi-

grated neutrophils to the site of injury4

 Ischemic/ reperfusion injury occur when blood

flow to the organs or tissue is interrupted for same peri-

ods and subsequently reestsblished. Subsequent event

involves adhesion and infiltration of polymorphonuclear

leukocyte (PMN) as an early step. Subsequently PMN

may elicit tissue damage by diverse processes from di-

rect elaboration of cytotoxic mediators. PMN adhesion

is accompanied and followed by a complex sequence of

hemodynamic event. Pressure and flow may vary dra-

matically in injury liver. Haemodynamic in the hepatic

microcirculation are also influence by PMN adhesion

to the sinusoidal lining. L-selectin receptors play a role

in propagating adhesion and PMN plugging in the mi-

crovasculature through interaction between previously

adherent and flowing PMN. Platelet and other blood

substances may also adhere to stationary PMN, produc-

ing partial or complete plugging that leads to reduction

or cessation of blood flow.13

Leukocytes are implicated in the pathology of he-

patic ischemia reperfusion injury. Because activated leu-

kocyte release variety of inflammatory mediators, in-

cluding cytokines, neutrophil proteases, reactive oxy-

gen species, all of which can damage adjascent endot-

helial cells, they have been thought to play a role in tis-

sue injury.14

MECHANISM OF HEPATIC ISCHEMIC

REPERFUSION INJURY IN SEPSIS

Septic shock is often preceded by prolonged

hemodynamic instability that results in hypoperfusion

of a variety of vascular beds. Extended hypoperfusion

produces ischemic injury as a result of a reduction in

tissue oxygen and other cellular nutrients. Simulta-

neously, accumulation of metabolic by-products and

gradual loss of cellular homeostasis occur. Resuscita-

tion from a low-flow state has been postulated to cause

a second phase of injury through activation of phago-

cytes and endothelial cells. Phagocyte and endothelial

cell activation leads to a proadhesive state. The adhe-

sion of neutrophils to endothelium establishes a microen-

vironment between adherent cells that can allow inflam-

matory molecules to overcome anti-inflammatory

mechanisms. In addition, neutrophils (PMNs) can ad-

here to one another, forming microvascular plugs that

can alter microcirculatory perfusion and further augment

local ischemia. Neutrophil-endothelial adherence is rec-

ognized as a pivotal step in the pathogenesis of extravas-

cular inflammation, local tissue injury, and ultimately,

functional organ failure.15

Hepatic ischemia followed by reperfusion results

in severe injuries that contribute to the morbidity and

mortality associated with shock. It has been generally

accepted that reactive oxygen species (ROS) contribute

to hepatic ischemia/reperfusion injury and such injury

has been demonstrated to occur in a biphasic pattern

involving initial- and subsequent-phase responses. Ac-

tivated Kupffer cells generating an increasing amount

of ROS mainly mediate the initial phase of injury. These

cells are activated during ischemia and are further stimu-

lated by complement activation during reperfusion. The
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initial responses of the ischemia/reperfusion injury trig-

ger the infiltration of neutrophils into postischemic liver.

The recruitment of neutrophils results from a complex

series of ischemia-induced cellular responses in the liver

and changes in the vasculature that serve to alter the

adherent characteristics of the neutrophils. These include

the increased expression of adhesion molecules, such

as intercellular adhesion molecule-1.

ICAM-1 is expressed on endothelial cells and

plays a key role in the potent adhesion of neutrophils

and their transendothelial migration. The accumulation

of neutrophils in the liver is reported to take place mainly

between 30- and 60-min postreperfusion, but they do

not spontaneously release ROS in the vasculature. The

burst of neutrophils adhering to a biological surface, such

as endothelial cells or extracellular matrix proteins, is

characterized by a lag-phase of 30 to 90 min between

the adherence of activated neutrophils and the subse-

quent long-lasting ROS formation. Thus, activated neu-

trophils play a central role in the later phase of hepatic

injury by releasing ROS.3

The precise mechanisms of ischemia reperfusion

injury have not been elucidated. Substantial evidence

exists regarding the participation of diverse factors. This

included (i) loss of calcium homeostasis, (ii) reactive

oxygen and nitrogen species generation, (iii) changes in

microcirculation (iv) kupffer cells activation and (v)

complement activation.

Hepatic ischemic reperfusion injury occurs from

biphasic responses involving the initial phase and sub-

sequent phase. The event according in the initial phase

is believed to be characterized by the production of re-

active oxygen species (ROS). Whereas the subsequent

phase is typified by the accumulation of inflammatory

cells (neutrophil), the activated neutrophil play a piv-

otal role in the later phase of hepatic ischemia reperfusion

injury.

Fig.3. Hepatic cytokine production in sepsis and extrahepatic

bacterial infections. Gram negative bacteria release endotoxin

, which induced production of cytokines (TNF, IL-1, IL-6) by

macrophages resident in the liver (Kupffer cells). Gut-barrier

failure during sepsis can induced translocation of endotoxin

from the intestinal lumen into the portal blood9

Hepatic IR injury caused significant increase in

serum levels of alanine aminotransferase (ALT) and as-

partate aminotransferase (AST), which were accompa-

nied by elevation of malondialdehyde (MDA) concen-

tration and reduced SOD activity in the liver. These re-

sults suggested that liver injury was mediated by ROS.

Where, ALT levels were significantly increased after

reperfusion. Another finding, that high counts of aero-

bic and low counts of anaerobic bacterial population in

IR injury. Failure of intestinal barrier function often oc-

curs in many clinical condition, including sepsis, result-

ing in intestinal permeability and subsequent transloca-

tion of bacteria or/and endotoxin from gut. It is clear

that increased gut permeability bacteria with or without

endotoxin translocation plays a key role in the develop-

ment of severe complications such as systemic inflam-

matory response syndrome (SIRS), sepsis, multiple or-

gan dysfunction and multiple organ failure.16
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CLINICAL  PRESENTATION OF SEPSIS-IN-

DUCED LIVER INJURY

The mechanisms and clinical presentation of

sepsis-associated liver injury vary according to the se-

verity to the severity of the bacterial infection.

Proinflammatory cytokines and nitric oxide cause

cholestasis by impairing hepatocellular and ductal bile

formation. Ischemic liver injury can also be found in

patients with septic shock. The liver is being increas-

ingly recognized as critically important in the pathogen-

esis of sepsis, because of major roles in bacterial scav-

enging and inactivation of bacterial products, as well as

in the production and clearance of inflammatory me-

diators.

Early hepatic dysfunction in patients with sep-

sis is mainly related to shock and liver hypoperfusion,

whereas the hepatic dysfunction with predominantly

cholestatic features that occurs later in the time course

of sepsis is caused by a secondary burst of inflamma-

tory mediators. Mostly in those infected patient with

gram negative bacteria, but also in SIRS. In addition,

gut barrier failure during sepsis, shock, total parentral

nutrition can induce translocation of endotoxin (li-

popolysaccharide) from the intestinal lumen into the

portal blood. The common pathophysiological denomi-

nator of sepsis-associated cholestasis is the induction of

pro-inflammatory mediators, with results in impaired

bile secretion. The viral infection can also characterized

by inflammation-induced cholestasis. Cholestasis in sep-

sis is generally reversible, it is caused by functional al-

teration at the hepatocellular and/or bile duct level.

Whereas cholestasis as an indicator of liver dysfunction

rarely progresses to true liver failure with coagulation

defects and hepatic encephalopathy.17,18

SEPSIS-ASSOCIATED CHOLESTASIS

The reduced canalicular secretion of bile acids

and other organic anions during endotoxemia, is caused

reduction in the expression of Mrp2. Simultaneous in-

creased expression of other export proteins (such as

Mrp1and Mdr1) is mediated by NF-kB, and in hepato-

cytes, might confer resistence to cytokine-induced meta-

bolic stress. In the early phase of LPS-induced

cholestasis in particular is characterized by the revers-

ible and rapid retrieval of the transporter protein Mrp2

from the canalicular membrane.

The sepsis–associated liver injury varies accord-

ing to the severity of the bacterial infection, whereas

functional hepatocellular cholestasis predominates in

patients with ischemic liver injury. The primarily of

source of infection is intra abdominal (diverticulitis,

peritonitis). Jaundice usually manifests within 2-7 days

after bacteremia starts. The diagnosis of sepsis-associ-

ated cholestasis is base principally on elevated serum

concentration of bilirubin, typically with serum biliru-

bin levels of  5-10mg/dl that can uncommonly, rise to

30-50mg/dl. Cholestasis resolves under appropriate an-

tibiotic therapy.18

Fig.4. Hepatocellular, ductular and ductal level of cholestasis

in sepsis. Proinflammatory cytokines and nitric oxide have

crucial roles as Kupffer cell derived mediators of cholestasis.

Sepsis associated cholestasis is caused by reduced expres-

sion and fuction of hepatocellular transport systems. Ischemic

liver injury  is characterized by hepatocyte necrosis. Periductal

inflammatory infiltrates, as seen in cholangitis lenta, reflex

the ability of the bile duct epithelium (cholangiocyte) to ac-

tively secrete cytokines and recruit inflammatory cells, which

results impaired ductular bile secretion. At the large duct level,

can occur progressive sclerosing cholangitis (rare)
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HYPOXIC LIVER INJURY OR ISCHEMIC HEPA-

TITIS

Hypoxic liver injury also known as shock liver, is a com-

mon cause of jaundice during sepsis. The underlying

path physiology involves changes in the portal and arte-

rial blood supply as well as in the microcirculation. Is-

chemic hepatitis should be suspected in patients who

have a rapid increase in their ALT levels, to 10-100 times

the upper limit of normal in less then 24 h, combined

with markedly elevated lactate dehydrogenase levels

after IR. Transient episode of hypotension can be suffi-

cient for the development of ischemic hepatitis in pa-

tients whose liver is already damage. A key diagnostic

features of ischemic hepatitis is its rapid reversibility

once the underlying cause is corrected. There is low in-

cidence of coagulopathy and encephalopathy among

patients with ischemic hepatitis and rarely progress to

full-blown liver failure. The diagnosis is usually based

on clinical criteria, but if the liver biopsy is performed

to rule out other causes of liver injury, centrilobular ne-

crosis is typically observed, as hepatocyte in this loca-

tion vulnerable to oxygen depletion. Mortality is high

in patient with ischemic hepatitis, but is rarely related

to their liver disease.18

CHOLANGITIS LENTA

It is unusual manifestation of sepsis-associated

cholestasis, that is characterized by the presence of

periductal cholangiocytes and inspissated bile within

periportal ductules. Patients with cholangitis lenta have

a worse prognosis and higher mortality than patients with

simple sepsis-associated cholestasis. This finding reflect

the ability of the bile duct epithelium to participate ac-

tively in the inflammatory process by secreting cytokines

and inflammatory cells, resulting in impaired ductular

bile secretion.18

PROGRESSIVE SCLEROSING CHOLANGITIS

Occasionaly develops in patients after they have

suffered septic shock. Typically, these patients have ris-

ing levels of alkaline phosphatase and deep jaundice over

a period of week or months. Interestingly, bilirubin lev-

els might decrease spontaneously, despite the develop-

ment of liver cirrhosis. Abdominal ultrasound does not

usually show dilated bile ducts, as small bile ducts are

more often involved than large bile ducts. A diagnosis

of progressive sclerosing cholangitis should be suspected

in patients who have rising levels of gamma glutamyl

transpeptidase, alkaline phosphatase and bilirubin along

with a compatible clinical history of sepsis or septic

shock. Confirmation of progressive sclerosing cholan-

gitis is base on endoscopic retrograde cholangiography,

which usually reveals severe intrahepatic stones and

rarefactions of smaller bile ducts. Liver histology shows

ductular proliferation, portal lymphocytic inflammatory

infiltrates, and portal and periductular fibrosis. This rare

syndrome usually has poor prognosis.18
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