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Zusammenfassung. Hypoxische Hepatitis (HH) - auch
unter den Bezeichnungen ichdmische Hepatitis oder
Schockleber bekannt - ist durch eine zentrilobuldre
Leberzellnekrose und einen fulminanten Anstieg der Se-
rumaminotransferasen als Folge von kardialem, zirkulato-
rischem oder respiratorischem Versagen charakterisiert.
Dies ist die hdufigste Ursache der akuten Leberschddigung
mit einer Pravalenz von bis zu 10 Prozent an Intensivstati-
onen. Kritisch kranke Patienten mit HH und der Notwen-
digkeit einer Vasopressorentherapie haben ein signifikant
erhohtes Mortalitétsrisiko. Die haufigsten HH auslosen-
den Ursachen sind erniedrigtes Herzauswurfvolumen und
septischer Schock, wobei in der grofien Mehrheit der Félle
eine multifaktorielle Atiologie der HH zugrunde liegt. HH
kann verschiedene Komplikationen wie spontane
Hypoglykdmie, respiratorische Insuffizienz als Folge des
hepatopulmonalen Syndroms und Hyperammonidmie
verursachen. HH bildet sich nach erfolgreicher Behand-
lung der zugrunde liegenden Ursachen zuriick. Derzeit
sind keine Therapieansétze etabliert, die spezifisch die Le-
berfunktion verbessern. Ein frithestmdégliches Erkennen
der HH, ihrer zugrunde liegenden Ursachen sowie die un-
verziigliche Einleitung entsprechender Therapiemafsnah-
men sind von zentraler prognostischer Bedeutung. Diese
Ubersichtsarbeit vermittelt den heutigen Wissensstand
hinsichtlich Epidemiologie, Pathophysiologie, sowie diag-
nostischen und therapeutischen Moglichkeiten der HH.

Summary. Hypoxic hepatitis (HH), also known as ischemic
hepatitis or shock liver, is characterized by centrilobular
liver cell necrosis and sharply increasing serum ami-
notransferase levels in a clinical setting of cardiac, circula-
tory or respiratory failure. Nowadays it is recognized as the
most frequent cause of acute liver injury with a reported

Correspondence: Valentin Fuhrmann, MD, Associate Professor

of Medicine, Department of Internal Medicine 3, Division of
Gastroenterology and Hepatology, Intensive Care Unit 13H1,
Medical University Vienna, Waehringer Guertel 18-20, 1090 Vienna,
Austria, E-mail: valentin.fuhrmann@meduniwien.ac.at

prevalence of up to 10% in the intensive care unit. Patients
with HH and vasopressor therapy have a significantly in-
creased mortality risk in the medical intensive care unit
population. The main underlying conditions contributing
to HH are low cardiac output and septic shock, although a
multifactorial etiology is found in the majority of patients.
HH causes several complications such as spontaneous hy-
poglycemia, respiratory insufficiency due to the hepato-
pulmonary syndrome, and hyperammonemia. HHreverses
after successful treatment of the basic HH-causing disease.
No specific therapies improving the hepatic function in
patients with HH are currently established. Early recogni-
tion of HH and its underlying diseases and subsequent in-
itiation of therapy is of central prognostic importance. The
purpose of this review is to provide an update on the epi-
demiology, pathophysiology, and diagnostic and thera-
peutic options of HH.

Key words: Ischemic hepatitis, shock liver, acute liver fail-
ure, GOT, GPT.

Background

Hepatic dysfunction is a common finding in critically ill
patients and is associated with poor outcome [1]. Serum
aminotransferases serve as an indicator of hepatocellular
damage and liver cell necrosis. Up to the mid-1990s viral
and drug-induced hepatitis were considered the most fre-
quent underlying diseases contributing to acutely and
massively raised aminotransferase levels [2, 3]. However,
several studies changed the clinical perception of acute
hepatic injury: they concordantly identified hypoxic hepa-
titis (HH), also known as ischemic hepatitis or shock liver,
as the most frequent cause of notably raised aminotrans-
ferases in hospital and in the intensive care unit [4-8].
This acute liver injury is mainly caused by insufficient
oxygen uptake by the hepatocytes, leading to centrilobular
liver cell necrosis. Several mechanisms lead to hepatic hy-
poxia: hepatic ischemia as a consequence of insufficient
hepatic perfusion, insufficient oxygen extraction by the
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liver, systemic arterial hypoxemia and passive venous con-
gestion. Accordingly, this acute liver injury was renamed
from “ischemic hepatitis” and “shock liver” to “hypoxic
hepatitis’, as decreased hepatic blood flow is not the sole
mechanism of HH [6, 9].

The presence of HH has central prognostic impact on
outcome: 30-day mortality in critically ill patients with HH
is reported to be more than 50% [6, 7, 10]. Nevertheless,
despite its frequent incidence, clinicians often ignore
raised aminotransferase levels and do not put these ab-
normal parameters in the correct clinical context [4].

The purpose of this review is to provide an update on ep-
idemiology and an insight into the pathophysiology of HH,
and to discuss the diagnostic and therapeutic options.

Definition and diagnosis
Definition

HH is characterized by centrilobular liver cell necrosis as
consequence of hypoperfusion with subsequent ischemia
and passive congestion of the liver, severe systemic arterial
hypoxemia, and/or impaired hepatic oxygen extraction [6,
8, 9, 11-13]. The main underlying conditions are low car-
diac output and sepsis [6-8], although a recent prospective
study has demonstrated that more than one underlying
event causing HH was present in 74% of all patients [8].

Although the histopathological finding of centrilobular
liver cell necrosis is the essential element of HH, liver
biopsy is usually not required for diagnosis of HH. Further-
more, if the clinical criteria mentioned above are fulfilled,
biopsy is inadvisable in many patients, as those suffering
from HH frequently have abnormal coagulation and re-
ceive anticoagulant drugs (mainly as a consequence of
their basic cardiac disease) [8, 14].

The diagnosis of HH is usually established using three
simple criteria that are illustrated in Table 1.

HH can usually be delineated from other causes of mas-
sively raised aminotransferase levels in critically ill pa-
tients, as shown in Fig. 1. However, unclear cases require
additional testing, such as imaging techniques, laboratory
assessment (hepatitis serology, autoimmune markers,
drug dose levels (e.g. acetaminophen), invasive assess-
ment of hepatic hemodynamics, and liver biopsy.

Furthermore, HH needs to be separated from ischemic-
like cholangiopathy [15], which can lead to secondary
cholangitis and the necessity for liver transplantation. In
contrast to the dual blood supply of the hepatic paren-
chyma, the biliary tree is exclusively supplied by the he-
patic artery. Patients with ischemic-like cholangiopathy
have mainly cholestatic liver injury and no or only mild in-
crease of aminotransferase levels [15].

Table 1. Diagnostic criteria for hypoxic hepatitis

1. Clinical setting of acute cardiac, circulatory, or respiratory failure

2. Dramatic but transient increase in serum aminotransferase activity
reaching at least 20 times the upper limit of normal

3. Exclusion of other putative causes of liver cell necrosis, such as viral
or drug-induced hepatitis

[ Markedly increased aminotransferase levels ]

|

Directly foregoing acute cardiac, hemodynamic or respiratory
failure

Exclusion of other putative causes by detailed anamnesis

v/ N
Hypoxic hepatitis Drug or toxin-induced toxicity

Biliary abnormality
Viral hepatitis
Acute Budd-Chiari syndrome

Additional testing in
unclear cases*

Veno-occlusive disease

HELLP syndrome, acute fatty liver of pregnancy
Hepatic infarction

Acute exacerbation of autoimmune hepatitis

Malignant infiltration

Metabolic and genetic diseases

Fig. 1. HH can usually be simply delineated from other causes

of massively raised aminotransferase levels. *Imaging techniques,
laboratory assessment (hepatitis serology, autoimmune markers, drug
dose levels, e.g. acetaminophen) liver biopsy or invasive assessment
of hepatic hemodynamics are necessary in unclear cases

Laboratory assessment

Different aspects of the hepatic function can be character-
ized by several biomarkers [16]. The first step in evaluation
is determination of the overall pattern of the abnormal
liver function tests, which can be broadly divided into two
categories: patterns predominantly reflecting hepatocel-
lular injury (as in HH) and patterns predominantly reflect-
ing cholestasis. Alkaline phosphatase is mainly elevated in
cholestasis, whereas bilirubin can be elevated in both
hepatocellular injury and cholestasis. In contrast, serum
aminotransferases are classic markers of hepatocellular
injury and necrosis. A British study prospectively investi-
gated the etiology and outcome of patients with serum as-
partate transaminases (AST) levels >400U/1 [4]. Ischemic
and/or anoxic liver injury was the cause of the raised AST
in about 50% of the patients and was associated with the
highest mortality in the study population. Surprisingly, the
cause of the AST rise was initially correctly diagnosed in
fewer than 50% of the patients. Furthermore, the AST rise
was apparently not noticed by the attending physician in
38% of the patients [4]. Ischemic liver injury was also the
most frequent disease underlying extreme elevation of se-
rum AST levels in another study [5]. Several authors have
proposed that a dramatic but transient increase in serum
aminotransferase activity reaching at least 20 times the up-
per limit of normal (normal range at the laboratory of the
Medical University Vienna: AST <35 U/l]; alanine transam-
inase [ALT] <45U/1) should be the minimal requirement
for a diagnosis of HH [6, 11, 14, 17-19]. Histologic exami-
nation of the liver has revealed centrilobular liver cell
necrosis in all patients who underwent liver biopsy and
fulfilled these diagnostic criteria (Table 1) [6, 8]. Other au-
thors have chosen a less restrictive cut off for diagnosing
HH (7, 20-24]. Although centrilobular liver cell necrosis
and HH also occur in patients with aminotransferase
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activity less than 20 times the upper limit of normal, some
authors consider liver biopsy for diagnostic clarification in
such patients with suspected HH [25]. Data from a recently
published small study examining liver histology in pa-
tients suffering from sepsis revealed centrilobular liver cell
necrosis in 80% of the patients (n=15), even though the
median AST and ALT levels were below 20 times the upper
limit of normal. In summary, we believe that there is now
sufficient evidence to diagnose HH in patients with levels
of aminotransferase activity reaching at least 20 times the
upper limit of normal in a given clinical context. However,
future studies need to clarify diagnostic approaches for
HH in patients with aminotransferase levels below 20
times the upper limit of normal.

The typical pattern of transaminases during the course
of HH is illustrated in Fig. 2. Initially there is a dramatic rise
of both transaminases with leading AST and lactate dehy-
drogenase levels within 12-24 hours after the initiating
event [13]. Usually the aminotransferase levels fall more
than 50% within three days after stabilization and elimina-
tion of the underlying HH-causing condition. AST levels
decline towards normal earlier than ALT levels during this
recovery period because of the shorter half-life of AST [26].

Serum lactate levels are usually significantly increased
in patients with HH. However, in a recent prospective study,

3500+
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u/
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Time in days

Fig. 2. Pattern of aminotransferase levels in 37 patients with hypoxic
hepatitis (Fuhrmann, unpublished data). AST Serum aspartate
transaminases level; AIT serum alanine transaminase level

peak serum lactate levels did not independently predict
mortality in the multivariate regression analysis [8].

Serum albumin and markers of coagulation typically il-
lustrate the synthetic function of the liver. Serum albumin
levels appear unsuitable for illustration of hepatic syn-
thetic function during a highly dynamic process such as
HH as the half-life of albumin is too long. Furthermore, al-
bumin functions as a negative acute-phase protein and its
levels may be lowered due to malnutrition. In contrast, be-
cause of their shorter half-lives, markers of coagulation il-
lustrate acute impairment of the synthetic function of the
liver more accurately. The international normalized ratio
(INR) and prothrombin time indicate either vitamin K de-
ficiency or significant hepatocellular dysfunction. Lack of
improvement of coagulation following parenteral admin-
istration of vitamin K indicates severe liver injury. An
INR > 1.5 is a diagnostic criterion for acute liver failure [27].
We also recently outlined the prognostic importance of the
degree of hepatic synthetic impairment in patients with
HH: an INR>2 is an independent risk factor for overall
mortality [8].

Hepatic blood flow

Hepatic blood flow in patients with HH has been charac-
terized by galactose clearance by several study groups (7,
9]. Hepatic extraction of galactose is almost 100% at the
first passage. As body clearance is equal to hepatic clear-
ance, systemic galactose clearance corresponds to hepatic
blood flow [28, 29]. However, the galactose clearance
method has limitations. First, it reveals appropriate results
only if galactose extraction is complete at the first passage
through the liver (intrahepatic portosystemic shunting).
Second, measurement of hepatic blood flow by galactose
clearance is appropriate only if the liver is the sole site of
elimination [29]; extrahepatic elimination rate of galactose
is discussed controversially [29, 30]. In addition, this
method is frequently not available for clinical routine.
The indocyanine green plasma disappearance rate
(ICG-PDR) is an alternative method of assessing hepatic
function during acute hepatic injury and HH [31, 32]. ICG
is the most commonly used indicator in clinical measure-
ment of hepatosplanchnic blood flow (sum of portal
venous and hepatic arterial inflow into the liver) and is cal-
culated by the quotient between ICG extraction and ICG

Table 2. Laboratory characteristics™ in patients with hypoxic hepatitis

Variable Henrion et al. [6]

Birrer et al. [7]
Number of patients 138 293 117

Fuhrmann et al. [8]

AST (U/l) 2155 (455-15400) 2288 (1768-2715) 2507 (701-27560)
ALT (U/) 1645 (237-8590) 1803 (1493-2084) 1348 (135-12452)
LDH (U/) 2750 (105-9040) 3545 (3224-3787) 2826 (324-27220)
Bilirubin (mg/dI) 2.1 (0.4-22.5) 2.2 (1.8-2.5) 2.6 (0.4-49.5)
PTT (%) 36 (6-89) n.a. 31 (5-87)
Lactate (mmol/l) 5.6 (0.8-32) 5.5 (4.6-9.5) 9.5 (1.1-26)

*Peak laboratory characteristics of recent selected reports.
AST Serum aspartate transaminases; ALT serum alanine transaminases; LDH lactate dehydrogenase; PTT prothrombin time.
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clearance, expressed as the ICG-PDR [33]. ICG is elimi-
nated almost completely and unchanged by the liver into
the bile without enterohepatic circulation. The ICG-PDR is
routinely assessed noninvasively via transcutaneous pulse
densitometry [31]. Preliminary data indicated that hepatic
impairment assessed from the ICD-PDR in patients with
HH is comparable to that in patients with end-stage cir-
rhosis [34]. In contrast to cirrhosis, the ICG-PDR improves
rapidly after reversal of HH [34]. Future data should clarify
the clinical relevance of the ICG-PDR in diagnosis and
management of HH in comparison with conventional lab-
oratory assessment.

Liver biopsy

The typical histological lesion in HH is centrilobular liver
cell necrosis [35, 36]. However, the clinical diagnostic cri-
teria of HH are usually sufficient for its diagnosis (see
Table 1). Several authors reported centrilobular liver cell
necrosis in all patients who had histological examination
of the liver and fulfilled the clinical diagnostic criteria of
HH aslisted in Table 1 6, 8]. However, in selected cases (as
mentioned above in Laboratory assessment) liver biopsy
may help to clarify the underlying etiology of an acute rise
in aminotransferase levels. For safety reasons, transjugular
liver biopsy seems to be the preferred route for sampling
liver specimens (see also Invasive assessment of hepatic
hemodynamics below) [37].

Invasive assessment of hepatic hemodynamics

Invasive assessment of hepatic hemodynamics may be
necessary in selected cases of unclear hepatic impairment
in the intensive care unit [38]. The free hepatic venous
pressure and the wedged hepatic venous pressure were
elevated in the majority of patients with cardiac hepatop-
athy - many of these patients fulfilled the criteria for HH -
as a consequence of transmission of elevated right arterial
pressure [38]. However, the hepatic venous pressure gradi-
ent (the difference between wedged and free hepatic
venous pressure representing the gradient between the
portal vein and the intraabdominal vena caval pressure)
was normal in the vast majority of patients [38]. Apart from
assessment of hepatic hemodynamics, hepatic vein cathe-
terization offers the possibility of transjugular liver biopsy,
a safe route for collection of liver specimens [37]. Further-
more, the intervention is usually not associated with post-
interventional pain, because the liver capsule is not
affected.

Imaging techniques

The typical sonographic findings in patients with HH are
dilated liver veins as a consequence of passive congestion
of the liver due to low cardiac output. However, there is a
lack of studies investigating the value of ultrasound exam-
ination in the diagnosis and management of HH.

Computed tomography or magnetic resonance imaging
are usually not necessary in diagnosis or management of
HH, but may provide helpful information in selected cases
[39].

Table 3. Conditions predisposing patients to HH

in selected publications

Parameter Henrion Birrer Fuhrmann
etal. [6] etal. [7] etal. [8]*
Number of cases 142 293 117
Shock state, n (%)* 78 (55) 147 (50) 103 (88)
Acute heart failure, n (%) 20 (21) 41 (14)
Cardiogenic shock, 1 (%) 56 (48)
Acute myocardial infarction, 18 (13) 87 (30) 30 (26)
n (%)
Valvular heart disease, 11 (%) 253 (86) 25 (21)
Rhythmogenic heart 43 (30) 81(28) 32(27)
disease, 1 (%)
Pericardial effusion, n (%) 79 3(1) 9(8)
Pulmonary embolism, 1 (%) 9 (6) 6 (2) 5(4)
Cardiopulmonary 34 (29)
resuscitation, n (%)
Septic shock, n (%) 19 (13) 52 (18) 37 (32)
Hemorrhagic shock, n (%) 5(4) 5(4)
Trauma, n (%) 32 9(3) 0
Cardiomyopathy/chronic 80 (58) 171 (58) 44 (38)
heart failure, n (%)
Liver cirrhosis, (%) 5(4) 17 (15)
COPD/chronic respiratory 19 (13) 45 (15) 23 (20)
failure, n (%)
Pulmonary hypertension, 9(8)

1 (%)

*84 patients (74%) had more than one factor contributing to HH.

#“Defined as systolic blood pressure <90 mmHg or necessity for vasopressor
therapy.

COPD Chronic obstructive pulmonary disease.

Pathophysiology

Development of HH is usually the consequence of a mul-
tifactorial event of several distinct acute and chronic organ
dysfunctions leading to centrilobular liver cell necrosis.
The most frequent underlying conditions are low cardiac
output and septic shock, as shown in Table 3 [6-8, 13]. Sev-
eral mechanisms contribute to development of HH. Major
underlying factors are reduced hepatic blood flow, hepatic
ischemia and passive congestion of the liver (mainly found
in low cardiac output and right ventricular failure), de-
creased oxygen extraction by the liver (as in sepsis), and
severe systemic hypoxia (as reported in acute exacerba-
tions of chronic respiratory failure and obstructive sleep
apnea) [6-8, 13, 40]. In addition, increased oxygen con-
sumption as in cases of hyperthermia, and hypovolemia as
in hemorrhage (mainly in patients with liver cirrhosis and
gastrointestinal hemorrhage) can also contribute to the
occurrence of HH [6-8].

The liver's supply of blood and oxygen

The liver is the largest visceral organ in the human body
and receives up to 25% of the entire cardiac output, ap-
proximately 20-25% via the hepatic artery and 75-80%
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from the portal system [41, 42]. The hepatic artery receives
a fixed percentage of cardiac output under physiological
conditions and its blood flow correlates inversely with that
in the portal vein [43, 44]. Because of this unique dual
blood supply, the liver is usually protected against
ischemia. The liver’s oxygen consumption accounts for
20% of whole-body oxygen consumption [41]; however,
the liver is able to extract as much as 95% of blood-oxygen
in order to maintain an appropriate oxygen uptake
[13, 42].

Regulation of hepatic perfusion

Blood flow in the hepatic artery varies inversely with blood
flow in the portal vein, which seems to be the predominant
regulatory mechanism of liver perfusion [45]. In contrast
to most other organs of the human body, perfusion of the
liver does not strictly follow principles of supply and de-
mand, evidenced by the fact that hemodilution with sub-
sequent decrease in oxygen delivery to the liver does not
provoke the expected increase in hepatic blood flow [45].
A decrease in the oxygen content of arterial blood is com-
pensated by increased oxygen extraction rather than by
enhancement of hepatic arterial blood flow [46].

A common theory explaining the extraordinary proper-
ties of hepatic blood flow regulation has been established
by Lautt [45]. According to this “adenosine washout theory’,
adenosine, which is presumably synthesized constantly
and secreted into the space of Mall, serves as primary
regulator of hepatic arterial blood flow. Thus, increase of
portal venous flow may lead to a decrease of adenosine
concentration in the space of Mall via outwash, which is
immediately followed by hepatic arterial constriction and
decrease of hepatic arterial blood flow. Conversely, reduc-
tion of portal venous flow may result in accumulation of
adenosine, therefore causing dilation of the hepatic artery.
This mechanism has also been referred to as the hepatic
arterial buffer response [45]. However, there is no reci-
procity, as the portal vein cannot control its blood flow
(sum of outflow of the extrahepatic splanchnic organs)
[41].

Other mediators involved in regulatory processes of
mesenteric and hepatic blood flow are norepinephrine,
epinephrine, agents originating from the renin-angi-
otensin-aldosterone sytem, endothelins and nitric oxide
(see Disturbances in mesenteric blood distribution during
critical illness below) [47-50].

Disturbances in mesenteric blood distribution
during critical illness

Several different agents such as norepinephrine and epine-
phrine contribute to systemic vasoconstriction during hy-
povolemic or cardiogenic shock. Catecholamines are
known to decrease microcirculatory blood flow in the gas-
trointestinal tract and reduce regulation of hepatic blood
flow [51, 52]. Furthermore, they induce an inflammatory
response syndrome and dysfunction of human hepato-
cytes [53]. The prognostic impact of catecholamines in
patients with HH is therefore not surprising: the dose of

norepinephrine was found significantly higher in patients
dying from HH [8]. Furthermore, HH was an independent
prognostic factor only in critically ill patients requiring va-
sopressor support [10].

Nitric oxide attenuates experimental norepinephrine-
induced vasoconstriction [49]. A recent clinical study
demonstrated that inhaled nitric oxide reduced reper-
fusion-induced hepatic cell death and improved liver
function tests in patients undergoing liver transplantation
[54]. The impact of nitric oxide on the course of HH needs
to be evaluated in future studies.

During shock, the mesenteric blood flow is basically af-
fected by angiotensin (AT) II, one of the most potent en-
dogenous vasoconstrictors. The mesenteric ischemia may
be worsened by hyperresponsiveness to AT II during
shock, which may be attributable to an overproportional
increase of AT II in the mesenteric circulation during
ischemia and an increased affinity of mesenteric AT II re-
ceptors under these conditions [47, 55]. Accordingly, sev-
eral experimental studies have demonstrated attenuation
of hepatic microcirculation and improvement of ischemia
reperfusion injury after AT-converting enzyme inhibition
and AT II receptor antagonism, respectively [56, 57]. Fur-
ther, results obtained from animal models suggest that the
hepatic arterial buffer response is compromised by
ischemia during shock [58].

Clinical studies have revealed significantly decreased
hepatic blood flow in patients with congestive heart failure
and low cardiac output compared with patients without
hemodynamic or cardiac impairment [9]. Furthermore, a
much more pronounced reduction of hepatic blood flow
was observed in patients with congestive heart failure and
HH [7, 9].

Hepatic ischemia/reperfusion injury and HH

Several mechanisms that have been described in experi-
mental models of hepatic ischemia/reperfusion (I/R)
injury are also involved in pathophysiological processes
during HH [59]. Reactive oxygen species can injure cells
both directly via oxidation of proteins, lipids or DNA and
indirectly through initiation of inflammatory cascades,
subsequently causing hepatocyte damage [60, 61]. Oxida-
tive stress, which is commonly deemed a major contribu-
tor to I/R injury, has also been demonstrated in patients
with HH [61]. Furthermore, exaggerated immune reaction
as described in I/R injury may also aggravate ischemic cell
damage in HH [48, 60, 62]. Henrion et al. hypothesize that
not only ischemia but also reperfusion may cause centri-
lobular liver damage in patients suffering from HH [59].
Although a frequent finding, prolonged shock is not man-
datory for occurrence of HH [6-8]. Whether reperfusion or
ashort unrecognized period of hypotension causes the hy-
poxic liver injury in patients without apparent clinical
signs of shock remains a matter of debate. Midzonal necro-
sis that is found occasionally in liver histology as pattern of
hepatocellular injury after shock may be another indicator
of reperfusion injury in HH [59, 63-65]. Nevertheless, the
role of reperfusion injury in HH needs to be clarified in de-
tail in future studies.
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Other factors contributing to HH

It should be emphasized that reduction of hepatic blood
flow and ischemia of the liver is an important but not the
sole mechanism responsible for the observed hypoxic liver
injury [6]. Hemodynamic shock is not a mandatory re-
quirement for the occurrence of HH [6-8].

Severe systemic hypoxia resulting from acute exacer-
bation of chronic respiratory failure has been reported as
the central underlying mechanism of HH in 17 patients
[12], all of whom had a PaO, below 45 mmHg, most of
them below 40 mmHg. Oxygen delivery (a hemodynamic
combination of cardiac index and oxygen saturation) was
comparably low in patients with HH due to low cardiac
output and patients with HH due to hypoxia. Low oxygen
delivery was caused by a low cardiac index in patients
with underlying heart disease. In contrast, hypoxia was
the only cause of low oxygen delivery despite high cardiac
output in patients with acute-on-chronic respiratory in-
sufficiency [12]. Other authors have reported occurrence
of HH after severe hypoxemia caused by obstructive sleep
apnea [8, 66, 67].

In contrast to low cardiac output, septic shock is usually
characterized by increased systemic and hepatic blood
flow. HH in septic shock is mainly the consequence of in-
creased oxygen demand at the hepatocyte level combined
with disturbances of oxygen metabolism, due to decou-
pling of the respiratory chain resulting in subsequent ATP
depletion [6, 7]. This occurs after continuous progression
of septic shock to severe multiorgan failure despite ex-
hausting the therapeutic options of intensive care. In-
creased oxygen consumption (e.g. in hyperthermia) and
hypovolemia mainly due to hemorrhagic shock have also
been deemed potential causes of development of HH
[6-8].

The liver as victim and offender in HH

A multitude of factors apparently contribute to damage of
the liver and may hinder recovery of the acute hepatic in-
jury in HH. However, the liver can also conduct injury of
other organs, mainly as a consequence of induction of the
inflammatory response syndrome [68]. Liver injury may
aggravate hypoxia and respiratory insufficiency by induc-
tion of the hepatopulmonary syndrome and acute respira-
tory distress syndrome [11, 69]. Experimental data have
demonstrated that I/R injury of the liver contributes to re-
nal and myocardial injury [70, 71]. Furthermore, myocar-
dial damage is frequently observed in acute liver failure
[72]. Features of systemic inflammation, progression to
multiple organ dysfunction and functional immunopare-
sis play a pivotal role in the pathogenesis and outcome of
acute hepatic injury [73, 74]. In summary, the liver seems
to be not only a victim but also an offender in critical ill-
ness in patients with HH.

Clinical presentation

Patients with HH are frequently of advanced age: the me-
dian age was about 70 years in several reports [6-8]. About
70% of reported cases of HH have been observed in male

patients [6-8]. In general, typical clinical signs of liver in-
jury are uncommon in patients with HH. Jaundice was
found in 10-15% of all patients with HH and occurred
mainly in the late course of the disease [6, 7]. The preva-
lence of hepatomegaly was about 50% in two case series [6,
38]. Splenomegaly and varices are rarely observed in pa-
tients with HH [6]. However, many patients reveal signs of
cardiac insufficiency, which is the main underlying condi-
tion of HH in most reports [6-8]. Apart from low cardiac
output, right ventricular failure is also frequently found in
patients with HH [8, 40]. Right upper abdominal pain as a
consequence of the congested and enlarged liver, hepato-
jugular reflux, shortness of breath, weakness and ankle
edema can be observed [6, 7].

In older reports the presence of shock was a prerequi-
site condition of HH, where the term shock liver was
frequently used [19, 36]. However, several studies demon-
strated that a systemic state of shock, defined as systemic
arterial blood pressure <90 mmHg and/or the necessity for
vasoactive drugs, occurred only in 50-90% of all patients
with HH [6-8].

Encephalopathy is frequently found in patients with
HH, although in most of the cases the encephalopathy is
based on the underlying diseases contributing to the HH
(e.g. cerebral malperfusion due to shock, hypoxic brain
damage after cardiopulmonary resuscitation) and not on
hepatic encephalopathy itself [75].

Natural history and prognosis

The incidence of HH varies depending upon the underly-
ing setting. About 20 years ago Hickman et al. documented
HH in 0.16% of all inpatient admissions [18]. According to
the literature, HH is a rare finding on normal wards, with a
reported incidence of less than 1%o [20]. Most cases of HH
are reported in critically ill patients in the intensive care
unit. Henrion et al. observed an incidence of 0.9% in the
intensive care unit during a 10-year observation period [6].
However, the incidence of HH seems to depend on the
type of intensive care unit. A much higher proportion of
HH can be expected in patients undergoing cardiovascu-
lar surgery and in cardiac care units, where the incidence
increases up to 22% in patients with decreased cardiac
output [9]. However, most of the published epidemiologi-
cal findings have been from small or retrospective studies
or are now more than 15 years old and may therefore not
represent the current status of this disease. We recently
performed a prospective epidemiological study at three
medical intensive care units in the Medical University
Vienna. The incidence of HH was more than 11% in these
critically ill patients [10]. The 118 admissions with HH had
a significantly higher simplified acute physiology score 2
(awell established prognostic score in critically ill patients
[76]), a significantly longer stay in the intensive care unit
and significantly increased intensive care unit mortality in
comparison with all other admissions (7=948) to the in-
tensive care units during the 22-month observation period
[10]. Multivariate regression analysis revealed that the
presence of HH was a strong and independent risk factor
for mortality in our collective of patients admitted to the
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increasing AST > 24 hours increasing AST < 24 hours

Fig. 3. Overall mortality in patients with hypoxic hepatitis (n=117)
depending on the duration of liver injury [8]. AST>24 hours
increasing serum aspartate transaminases levels for more than
24 hours as indicator of prolonged onset of hypoxic hepatitis in
contrast to AST <24 hours

intensive care unit: patients requiring vasopressor therapy
and suffering from HH had an increased mortality risk
nearly five times higher [10]. The intensive care unit mor-
tality of patients with HH was about 55% [7, 8]. Others have
reported a 30-day mortality rate of 52% [6]. In two studies
the one-year survival rate was only 25% [6, 7].

The majority of critically ill patients develop HH within
one day after admission to the intensive care unit [6, 8]. Al-
though HH predicts poor prognosis, only a minority of pa-
tients die from liver disease itself. The leading causes of
death in patients with HH are the underlying HH-causing
diseases such as septic and cardiogenic shock [8]. The nat-
ural course and outcome of HH appear to depend on sev-
eral factors. First, the extent and duration of liver injury
have central prognostic importance in patients with HH.
An INR>2 is an independent risk factor for mortality in
these patients [8]. Patients suffering from HH with increas-
ing AST levels for more than 24 hours had a significant
higher mortality rate, as illustrated in Fig. 3 [8]. This in-
creased mortality rate in patients with prolonged liver in-
jury may be a consequence of the inability to stabilize the
underlying HH-causing disease. In addition, HH itself may
also trigger aggravation of organ failure, as suggested in
several studies [69, 70]. Second, the underlying disease
contributing to development of HH has an important prog-
nostic impact on outcome. Septic shock was found an in-
dependent predictor for mortality in a prospective series
of patients with HH [8]. Third, vasopressor therapy and a
systemic state of shock aggravate hepatic damage, impact
on hepatic recovery and worsen outcome. Shock is found
in 50-90% of patients with HH (Table 3). Mortality was sig-
nificantly higher in patients receiving more than one vaso-
pressor [8]. Furthermore, patients who died during the
course of HH required significantly higher doses of nore-
pinephrine than did the survivors [8]. Lastly, the presence

of HH was an independent risk factor for mortality in an
intensive care population only in patients requiring vaso-
pressor support, but not in patients without vasopressor
therapy [10].

Sepsis was the most frequent underlying cause of death
in patients with HH [8]. However, in contrast to patients
suffering from acute liver failure, cerebral edema usually
does not contribute to mortality during the course of HH
[8, 77]. Although there is only limited information avail-
able, cerebral edema seems to occur infrequently and not
as a consequence of the acute liver injury but as a conse-
quence of the underlying disease (e.g. hypoxic brain dam-
age after cardiopulmonary resuscitation) in patients with
HH [75].

Management
Treatment of the underlying disease

In general, treating HH means treatment of the underly-
ing disease: patients with HH suffering from cardiogenic
shock due to acute myocardial infarction require urgent
therapy in the cardiac catheterization laboratory, percu-
taneous coronary intervention and/or surgery [78]. In
general, low cardiac output should be treated with posi-
tive inotropic agents and hypotensive patients should re-
ceive fluid resuscitation and vasopressor support as early
as possible. Patients with septic shock need therapy ac-
cording the guidelines of the Surviving Sepsis Campaign
[79]. Hypoxia should be treated by administration of
oxygen and by mechanical ventilation if necessary. Ac-
cordingly, all other underlying disease entities should be
causally treated (a selection of the most frequent underly-
ing causes of HH is given in Table 3). Early correct diagno-
sis and subsequent initiation of adequate therapy are of
central prognostic importance: the longer the underlying
diseases remain unstabilized and the longer the progres-
sion of the acute hepatic injury continues, as indicated by
increasing transaminases, the worse the outcome (Fig. 3)

[8].

Hepatopulmonary syndrome

An important issue in management of HH is the manage-
ment of its complications. A frequently observed compli-
cation of HH is the hepatopulmonary syndrome [11],
defined as abnormality of gas exchange due to the in-
trapulmonary vasodilation in the patient's liver disease
[80]. The hepatopulmonary syndrome is of central prog-
nostic importance in patients with liver cirrhosis, where
patients have a 2.5-times increased mortality risk [81, 82],
and is a frequent finding in such patients with a prevalence
of 5-32% [83]. We have demonstrated that the hepatopul-
monary syndrome occurs in patients with HH with an
incidence of 46% [11]. Patients with HH had worse gas ex-
change in the first days after the occurrence of hepatopul-
monary syndrome. However, intrapulmonary vasodilation
and hepatopulmonary syndrome resolved during fol-
low-up after normalization of hepatic function. Outcome
did not differ between patients suffering from HH with and
without hepatopulmonary syndrome.
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Hypoglycemia

Glucose monitoring is a routine measure in critically ill pa-
tients. Patients with acute liver failure are at increased risk
of hypoglycemia [27]. Accordingly, several studies have re-
ported increased incidence of spontaneous hypoglycemia
also in patients with HH [8, 20]. Blood glucose levels should
be monitored at regular intervals to avoid spontaneous hy-
poglycemic events. On the other hand, an increased inci-
dence of hyperglycemia has also been reported in patients
with HH [6, 14]. Consequently, tight glycemic control is
warranted in patients with HH. The recently published
recommendation of the US Acute Liver Failure Study
Group that blood glucose levels should be maintained at
<150 mg/dl seems to be a rational managing goal while
further clinical data are missing [27].

Hyperammonemia

The American Association for the Study of Liver Diseases
considers acute ischemic liver injury as a potential cause
of acute liver failure [84]. Acute liver failure is usually de-
fined as the onset of hepatic encephalopathy and coagu-
lopathy within 26 weeks of jaundice in patients without
preexisting liver disease [27]. However, the incidence of
acute liver failure in patients with HH is unknown for sev-
eral reasons. First, there are few prospective studies in the
field of HH. Second, it is difficult to diagnose hepatic
encephalopathy in patients with HH: many suffer from
encephalopathy for several reasons such as sepsis and
septic encephalopathy [85], cerebral malperfusion as a
consequence of shock, or brain damage after cardiopul-
monary resuscitation. Furthermore, hepatic encephalop-
athy is graded clinically according to clinical severity from
1 (lack of awareness, shortened attention span) to 4
(coma) [86]. The degree of hepatic encephalopathy is dif-
ficult to judge in many patients with HH as they are fre-
quently analgosedated for non-hepatic reasons prior to
the development of HH (Table 3). This is significantly dif-
ferent compared with patients suffering from primary
acute hepatic injury for other reasons, such as paraceta-
mol intoxication, where the primary organ injury occurs
in the liver [87]. However, preliminary data suggest that
hyperammonemia is a common finding also in patients
with HH [75]. Elevated arterial ammonia levels were
found associated with prolonged duration of HH and in-
creased mortality. However, cerebral edema was not a fre-
quent consequence of hyperammonemia in HH [75].
Recently, a randomized controlled study demonstrated
no efficacy of L-ornithine L-asparate in acute liver failure
[88]. Thus, because of the lack of data on HH, we cannot
recommend targeted therapeutic interventions, apart
from treating the underlying disease in patients with HH
and hyperammonemia.

The liver as a therapeutic target

There is no strong clinical evidence that any liver-specific
therapy improves outcome, including n-acetylcysteine or
other antioxidants. There is consensus agreement that HH
is not an indication for liver transplantation [84].

However, several studies have provided data for future
therapeutic options. Naschitz et al. reported improve-
ment of outcome in patients with nonhypotensive cardio-
genic shock accompanied by renal and hepatic injury
afteradministration of dopamine [89-91]. Others observed
in a small retrospective study that patients (n=28) receiv-
ing calcium-channel blockers and/or antiarrhythmic
drugs had a higher mortality risk [92] and suggested that
this may be a consequence of decreased clearance of he-
patic drugs and altered cardiac sensitivity. Nevertheless,
these results of old, small and retrospective studies have
methodological limitations and must be interpreted with
caution.

MARS

Many toxins that are produced during liver failure are hy-
drophobic, small and are transported by serum albumin.
Functional disturbances in the antioxidant function are
described in patients with liver failure [61, 93], where albu-
min is incapable of binding and effectively removing waste
products for metabolism and excretion. Albumin-bound
substances can be dialyzed through a normal dialysis
membrane if clean albumin is the molecular acceptor in
the dialysate. The most commonly used systems are the
molecular adsorbent recirculating system (MARS) and
single-pass albumin dialysis [94]. Studies have suggested
that MARS therapy improved the hemodynamic situation
in patients with acute and acute-on-chronic liver failure
[95]. Several groups observed an increase in arterial pres-
sure, systemic vascular resistance index, a decrease in por-
tal pressure and improvement of renal blood flow [95-100].
MARS may therefore be a therapeutic option of potential
interest in patients with HH. In a prospective single-center
study, 27 patients suffering from hypoxic liver injury fol-
lowing cardiogenic shock after surgery were randomized
to MARS therapy or placebo [101]. Survival, which was
chosen as the primary end point of the study, did not dif-
fer significantly between the two groups although it was
higher in the MARS group (50% vs. 34%). Thus, the routine
use of MARS therapy cannot be recommended according
to currently available data. Future randomized controlled
studies investigating the efficacy of MARS are required to
clarify the therapeutic impact of albumin dialysis in
patients with HH.

Summary

In the intensive care unit population, HH is by far the most
common cause of acute liver injury. Patients suffering
from HH have a significantly increased mortality risk. Out-
come is influenced by the underlying disease, its overall
severity, and the degree and duration of hepatic impair-
ment. Consequently, early diagnosis and subsequent ade-
quate therapy of the HH-causing basic disease appear to
be of central importance in these patients. Liver transplan-
tation is not a therapeutic option in patients with HH.
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