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Potential Categorization of liver dysfunction in 
critical care /MOF 
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Hyperacute	  <	  7	  days	  	  	  	  
Acute	  1	  -‐4	  weeks	  
Subacute	  4-‐12	  weeks	  
	  
	  
	  
	  
	  

Acute Liver Failure  
 

Primary liver injury  

Coagulaopthy  

Encephalopathy  

No preexisting liver disease 

Cirrhosis	  	  



Cause ! ! ! !Agent responsible!
!
Viral hepatitis ! !Hepatitis A, B, D E, CMV, HSV, Seronegative!
! ! ! ! ! !indeterminate hepatitis  (14 - 25% of cases)!
! ! ! ! ! !Reactivation of HBV  Chemotherapy , steroids : ! !
! ! !           antiviral Rx!

Drug related ! !Paracetamol, Anti tuberculous drugs, lipid!
! ! ! ! ! !Recreational drugs, Idiosyncratic reactions ! ! !
! ! !           anticonvulsants, NSAI, HARRT etc, etc!

Toxins ! ! ! !Amanita phalloides!
Vascular events !Hypoxic Hepatitis, VOD, Budd-Chiari!
 ! ! ! ! ! !Hyperthermia induced ALF (NMDA, excercise)!
Pregnancy related Liver rupture, HELP, fatty liver!
Other ! ! ! !Lymphoma, carcinoma : imaging , LDH, AlKP04 ! !

! ! !           Wilson  disease : low AlkP04, haemolysis, spleen!
! ! ! !Weils / leptospirosis – not really ALF …..!
! ! ! ! ! ! !, !

Principle Causes of Acute Liver Failure	




Management	  	  
•  Diagnosis	  	  

–  Imaging	  
–  Role	  of	  biopsy	  

•  SupporIve	  therapy	  to	  allow	  scenario	  for	  liver	  regeneraIon	  
or	  stability	  for	  transplantaIon	  
–  CVS	  	  
–  Respiratory	  	  
–  CNS	  	  
–  Renal	  	  
–  Feeding	  	  
–  Sepsis	  
–  CoagulaIon	  –	  monitor	  do	  not	  Rx	  
–  G-‐I	  	  :	  consider	  pancreaIIs	  	  

	  

Consider	  Tf	  /	  discuss	  with	  terIary	  centre	  



Treatment	  /	  prevenIon	  	  

•  AnIviral	  therapy	  in	  hepaIIs	  B,	  CMV,	  HSV	  
– N-‐acetyl	  cysteine	  	  Harrison et al keays et al 1992 BMJ,  Lee W 

Gastroenterology 2009,	  Dig	  Dis	  Sci	  (2013)	  58:1397–1402	  ,	  Liver	  Int.	  2013:	  33:	  1324–
1331	  (IL-‐17)	  

•  Removal	  of	  potenIal	  toxic	  drugs	  	  
•  TIPS	  shunt	  in	  acute	  Budd	  Chiari	  	  
•  Delivery	  in	  pregnancy	  related	  pre-‐eclampsia	  	  



Pregnancy related liver disease	


Imaging  

HSV	  and	  pregnancy	  	  

Diagnosis	  	  
	  
Be	  open	  to	  rare	  diagnoses	  	  
	  
Imaging	  and	  blood	  tests	  	  



Transfer issues 
1.  Early transfer to a Tp centre 
2.  Elective ventilation if GCS 
changing 
3. Observe pupils 
4. Fluids  
5. Noradrenaline  

6. Mannitol for pupil abnormalities 



hepatitis and hepatitis B in 7 patients (14%) each, idiosyncratic
drug reactions in 6 (12%), indeterminate etiology in 4 patients
(8%), ischemia in 2 patients (4%), and malignant infiltration of
the liver, heat stroke, and mushroom (Amanita) poisoning in 1
(2%) case each. Hepatic encephalopathy of some degree (ALF)
was present in 37 (73%) of patients. At the time of TEG measure-
ment, the mean number of SIRS components was 1.6; 8 patients
had a mean arterial pressure (MAP) of 670 mm Hg. Fourteen
patients (28%) died and 8 (16%) underwent orthotopic liver trans-

plantation (OLT), yielding a transplant-free survival (TFS) of 29
patients (57%). Clinical features and laboratories predictive of
poor outcome (death or OLT) included non-APAP etiology, the
presence of hepatic encephalopathy, lower body temperature,
albumin, and fibrinogen, and higher number of SIRS, respiratory
rate, bilirubin, lactate, phosphate, aPTT, INR, and MELD score
(Table 1).

Mean/median TEG parameter values were within normal
limits for the entire study population (Table 1; mean R-time

Table 1. Demographic, clinical and laboratory characteristics on hospital admission for ALI/ALF and subgroups according to outcome. (Mean ± SD or median [range])

Feature Normal Range Entire Group
(n = 51)

Spontaneous Survivors
(n = 29)

Death or OLT
(n = 22)

Demographics:
Age (years) 43.1 ± 14.7 40.3 ± 15.0 46.7 ± 13.8
Female Gender (%) 61 59 64
Caucasian Race (%) 65 66 64
BMI (Kg/m2) 28.2 ± 6.6 26.7 ± 5.1 30.3 ± 8.0
Clinical Characteristics:
Etiology of ALI/ALF (N [%]):

Acetaminophen
Autoimmune hepatitis
Hepatitis B
Idiosyncratic drug
Indeterminate
Hepatic ischemia
Mushroom poisoning
Heat stroke

22 [43]
7 [14]
7 [14]
6 [12]
4 [8]
2 [4]
1 [2]
1 [2]
1 [2]

17 [59] 5 [23]**

Hepatic encephalopathy (ALF) (%) 73 55 96**
Number of SIRS 1.6 ± 1.2 1.2 ± 1.0 2.1 ± 1.3**
Pulse (beats/min) 95 ± 21 93 ± 21 97 ± 22
Mean arterial pressure (mmHg) 86 ± 14 87 ± 13 85 ± 16
Respiratory rate (breaths/min) 20 ± 6 18 ± 4 22 ± 8*
Temperature (°C) 36.7 ± 0.7 37.0 ± 0.7 36.3 ± 0.6***
Laboratory Data:
White blood cell count (x 109/L) 3.9-11.7 11.8 ± 7.2 11.1 ± 6.7 12.5 ± 7.8
Creatinine (mg/dl) 0.5-1.0 1.0 [0.4-8.1] 0.9 [0.4-7.5] 1.5 [0.5-8.1]
Total bilirubin (mg/dl) 0.0-1.3 6.5 [0.3-44.2] 4.7 [0.9-29.4] 21.0 [0.3-44.2]**
Albumin (g/dl) 3.7-5.2 2.9 ± 0.5 3.0 ± 0.5 2.7 ± 0.4*
Venous ammonia (µmol/L) 0-35 80 ± 38 71 ± 36 91 ± 38
Lactate (mmol/L) 0.5-2.2 3.4 [0.4-21.4] 2.5 [0.4-6.6] 5.6 [0.7-21.4]**
Phosphate (mg/dl) 2.5-4.6 3.6 ± 2.4 2.8 ± 1.3 4.8 ± 3.1**
Fibrinogen (mg/dl) 200-450 195 ± 84 223 ± 55 154 ± 102**
PTT (sec) 25-36 49 ± 17 41 ± 10 59 ± 19****
INR 3.4 ± 1.7 3.0 ± 1.3 4.0 ± 1.9*
MELD score 31.3 ± 8.6 27.7 ± 7.1 36.2 ± 8.3***
TEG Parameters:
R-time (min) 2.5-7.5 4.7 ± 1.9 4.1 ± 1.5 5.5 ± 2.2**
K-time (min) 0.8-2.8 1.7 [0.8-20.0] 1.9 [0.8-20.0] 1.7 [0.9-10.5]
α-Angle (degrees) 55.2-78.4 63.7 ± 12.2 63.6 ± 12.7 63.7 ± 11.8
Maximum Amplitude (mm) 50.6-69.4 55.0 ± 10.9 55.0 ± 11.2 55.1 ± 10.6
Lysis 30 (%) 0.0-7.5 0.0 [0.0-2.1] 0.0 [0.0-1.8] 0.0 [0.0-2.1]

Malignant infiltration

⁄p <0.05, ⁄⁄p 60.01, ⁄⁄⁄p <0.001, ⁄⁄⁄⁄p 60.0001 indicates significant difference between spontaneous survivors and those who died or underwent OLT.
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recognized in patients with ALF: despite elevated INR, they rarely
bleed. Nevertheless, the management of such patients often
includes repletion of coagulation factors and platelets, introduc-
ing the possibility of adverse effects (volume overload, transfu-
sion-associated lung injury, thrombosis), and added expense.
Our results clearly demonstrate that most patients with ALI/ALF
have normal clot formation by TEG despite admission INR rang-
ing from 1.5 to 9.6, levels which would likely prompt coagulation
factor repletion prior to an invasive procedure.

TEG parameters in patients with ALI/ALF reflect specific
phases of blood clot formation and are associated with specific
aspects of the clinical syndrome. The R-time mirrors activation
of the coagulation cascades and procoagulant factor levels. Con-
sistent with the well-recognized importance of the INR and factor
V in predicting outcome in patients with ALF [21,22], the R-time
directly correlated with the SIRS, specific laboratories which pre-
dict poor outcome (lactate and phosphate), complications of the
ALI/ALF syndrome other than hepatic encephalopathy, and poor
outcome. R-time was significantly higher in patients with infec-
tion, those requiring CVVH, and in those with bleeding complica-
tions. The TEG was, in fact, more sensitive than the INR for
predicting bleeding, since the INR was not significantly different
in those who bled and those who did not (p = 0.14). This observa-
tion supports those of Chau et al. [23], who noted that variceal re-
bleeding in patients with cirrhosis was predicted by TEG but not
INR. Similarly, the platelet count, factor levels, and fibrinogen
concentration were similar in patients who bled and those who
did not, although the aPTT was significantly longer in the former
(65 vs. 47 s; p = 0.016). Thus, monitoring the R-time by TEG or the
aPTT would seem a more appropriate assessment of bleeding risk
in patients with ALI/ALF than the INR.

In contrast to the R-time, the K-time, a-angle, and MA corre-
spond to fibrin formation and platelet activation, and were asso-
ciated with different complications of ALI/ALF. These parameters
become more ‘‘hypercoagulable’’ with increasing SIRS, venous
ammonia, and the presence of hepatic encephalopathy. The find-

Table 2. Correlation of TEG parameters with coagulation parameters, SIRS components, and admission laboratories in patients with ALI/ALF. Data represent
correlation coefficients (Pearson r values), with negative numbers denoting inverse correlation. All laboratory and clinical data were collected at the time of TEG.

Feature R time K time α-Angle Maximum  amplitude
Coagulation Parameters:
INR 0.32* 0.17 -0.24 -0.23
PTT 0.60**** 0.07 -0.07 -0.06
Platelets 0.01 -0.50*** 0.58**** 0.73****
Fibrinogen -0.22 -0.44** 0.34* 0.57****
Factor V -0.30* -0.25 0.24 0.34*
Factor VII 0.08 -0.02 -0.06 0.17
Factor VIII -0.27 -0.31* 0.38** 0.33*
Protein C Activity -0.19 0.02 -0.14 -0.04
Protein S Activity -0.14 0.11 -0.20 -0.14
Antithrombin Activity -0.14 -0.02 -0.06 0.17
SIRS Components:
Pulse 0.18 -0.43** 0.29* 0.44**
Respirations 0.46*** -0.34* 0.15 0.31*
Temperature -0.20 0.03 0.02 -0.06
WBC 0.29* -0.13 0.19 0.30*
Chemistries:
Lactate 0.58**** 0.16 -0.23 0.01
Ammonia (venous) 0.13 -0.37** 0.38** 0.38**
Phosphate 0.47*** -0.04 0.00 0.25
Creatinine 0.11 -0.05 0.13 0.23
Total Bilirubin -0.14 -0.16 0.22 0.10

⁄p <0.05, ⁄⁄p <0.01, ⁄⁄⁄p <0.001, ⁄⁄⁄⁄p 60.0001 indicates significant correlation.
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Fig. 2. Maximum amplitude of clot formation according to the number of
SIRS concurrently determined in patients with acute liver injury/failure on
admission to study. Data represent mean values with lower/higher 95%; width of
columns reflect number of patients with indicated number of SIRS (p = 0.024 for
trend).
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Minimal effects of acute liver injury/acute liver failure on
hemostasis as assessed by thromboelastography

R. Todd Stravitz1,⇑, Ton Lisman3, Velimir A. Luketic1, Richard K. Sterling1, Puneet Puri1,
Michael Fuchs1, Ashraf Ibrahim2, William M. Lee4, Arun J. Sanyal1

1Section of Hepatology and Hume-Lee Transplant Center, Virginia Commonwealth University, Richmond, VA, USA; 2Department of
Anesthesiology, Virginia Commonwealth University, Richmond, VA, USA; 3Department of Surgery, University Medical Center Groningen,

University of Groningen, Groningen, The Netherlands; 4Division of Digestive and Liver Diseases, University of Texas Southwestern Medical Center,
Dallas, TX, USA

Background & Aims: Patients with acute liver injury/failure (ALI/
ALF) are assumed to have a bleeding diathesis on the basis of ele-
vated INR; however, clinically significant bleeding is rare. We
hypothesized that patients with ALI/ALF have normal hemostasis
despite elevated INR.
Methods: Fifty-one patients with ALI/ALF were studied prospec-
tively using thromboelastography (TEG), which measures the
dynamics and physical properties of clot formation in whole
blood. ALI was defined as an INR P1.5 in a patient with no pre-
vious liver disease, and ALF as ALI with hepatic encephalopathy.
Results: Thirty-seven of 51 patients (73%) had ALF and 22
patients (43%) underwent liver transplantation or died. Despite
a mean INR of 3.4 ± 1.7 (range 1.5–9.6), mean TEG parameters
were normal, and 5 individual TEG parameters were normal in
32 (63%). Low maximum amplitude, the measure of ultimate clot
strength, was confined to patients with platelet counts
<126 ! 109/L. Maximum amplitude was higher in patients with
ALF than ALI and correlated directly with venous ammonia con-
centrations and with increasing severity of liver injury assessed
by elements of the systemic inflammatory response syndrome.
All patients had markedly decreased procoagulant factor V and
VII levels, which were proportional to decreases in anticoagulant
proteins and inversely proportional to elevated factor VIII levels.

Conclusions: Despite elevated INR, most patients with ALI/ALF
maintain normal hemostasis by TEG, the mechanisms of which
include an increase in clot strength with increasing severity of
liver injury, increased factor VIII levels, and a commensurate
decline in pro- and anticoagulant proteins.
! 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Acute liver injury and acute liver failure (ALI/ALF) are syndromes
defined by ‘‘coagulopathy’’ on the basis of increased prothrombin
time (PT)/INR; ALF represents a more severe liver injury resulting
in hepatic encephalopathy [1]. Thrombocytopenia frequently
accompanies ALI/ALF, although its pathogenesis remains poorly
defined [2]. Consequently, patients with ALI/ALF have been
assumed to have a bleeding diathesis [3], even though most ser-
ies report a low incidence of spontaneous, clinically significant
bleeding [4]. Although invasive procedures such as intracranial
pressure (ICP) monitor placement are also rarely associated with
bleeding complications (<5% [5]), coagulation factor and platelet
transfusion remain a routine practice despite potential adverse
effects [6].

In patients with cirrhosis, who also have thrombocytopenia
and elevated INR, a concept of ‘‘re-balanced hemostasis’’ has been
proposed to explain the fact that patients rarely bleed outside of
the consequences of portal hypertension [7]. As shown by Tripodi
[8], thrombin generation is normal in patients with cirrhosis pro-
vided that thrombomodulin is added to the reaction mixture to
activate the anticoagulant protein C system. These and other
authors have explained the maintenance of hemostasis in
patients with cirrhosis by the fact that decrements in procoagu-
lant proteins are matched by decrements in anticoagulant pro-
teins, such as proteins C and S, and antithrombin (AT) [9].

In contrast to conventional coagulation tests such as the PT/
INR and the activated partial thromboplastin time (aPTT) which
assay only clot formation time in a plasma environment, throm-
boelastography (TEG) assesses overall hemostasis, the cumulative
effects of procoagulant and anticoagulant proteins, fibrinogen,
platelets, and red blood cells. Component measurements of the
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transplantation; TFS, transplant-free survival; MELD, model for end-stage liver
disease score; ADAMTS13, a disintegrin and metalloprotease with thrombospon-
din type-1 motifs 13; vWF, von Willebrand factor.
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CVS	  management	  	  
•  Volume	  	  
•  Avoid	  right	  sided	  overload	  	  
•  Cardiac	  injury	  /	  disease	  	  
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– Norepinephrine	  /	  vasopressin	  
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•  Consider	  HH	  	  	  
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Parekh	  Hepatology	  2007	  45:1489	  



Hypoxic	  hepaIIs	  	  
Global	  haemdynamics	  	  vs	  splannchnic	  haemodynamics	  	  

Inadequate	  hepaIc	  arterial	  inflow	  /	  oxygenaIon	  	  	  

Portal	  venous	  inflow	  issues	  	  

HepaIc	  venous	  ounlow	  

	  R	  heart	  issues	  	  

	  veno-‐occlusive	  disease	  	  

	  sickle	  hepatopathy,	  malaria	  	  	  

Microcirculatory	  abnormaliIes	  

Intra-‐abdominal	  hypertension	  

InfiltraIon	  (lymphoma,	  adeno,	  leukaemia)	  	  	  
	  
	  

nounced renal failure and some degree of ICU jaundice
that may result in a higher and longer increase in the
bilirubin level (5,7). Hypoglycaemia has been regarded
by some investigators as a distinct feature of HH, partic-
ularly in children (63,64). In adult series, hypoglycaemia
of less than 63 mg/dl was observed in 11 of 34 cases
(32.4%) by Fuchs et al. (25) and severe hypoglycaemia
under 40 mg/dl in 16 of 117 cases (14%) by Fuhrmann
et al. (5). In contrast hypoglycaemia of less than 70 mg/dl
was observed in just four cases (3%) in our series of 142
cases (2), and less than 60 mg/dl in 2.8% of 322 cases by
Birrer et al. (3). We share Gitlin et al.’s opinion that hy-
perglycaemia is more common than hypoglycaemia in
HH and that it results from metabolic stress imposed
upon these critically ill patients (65). Glycemia above
200 mg/dl was observed at admission in 27.5% of our
cases (2) and above 180 mg/dl in 31% of the cases of
Birrer et al. (3).

When HH follows a typical course, there is no need
for histological confirmation or imaging examination.
When histological examination is performed, it shows
typical lesions of CLN (Fig. 3A). The best description
has been provided by Wallach and Popper (66). Necro-
sis may be limited to a narrow zone around the central
veins, but may also be extensive, leaving only a few
healthy cells around the portal spaces (Fig. 3A). The
necrosis area is filled with red blood cells, cellular debris
and scattered shrunken liver cells. At the border of CLN,
fatty degeneration is a common finding. In most
instances, CLN is associated with morphological aspects
of passive congestion characterized by widening of sinu-
soids with oedema of the spaces of Disse (Fig. 3A). Liver
cell cords are compressed, and long-lasting centrilobular
congestion may lead to atrophy and disappearance of
liver cells around central veins.

Liver imaging is of little practical interest in the diag-
nosis of HH. It will simply show features related to pas-
sive congestion but not to liver cell necrosis in case of

Fig. 2. Pattern of enzyme and prothrombin activities in 25 cases of
hypoxic hepatitis with initial enzyme activities less than 29 upper
limit of normal, survival of at least 8 days and complete set of data
(values are reported in means). ALAT, alanine aminotransferase;
ASAT, aspartate aminotransferase; LDH, lacticodehydrogenase;
PA, prothrombin activity.

(A)

(B)

(C)

Fig. 3. (A) Extensive centrilobular liver cell necrosis (CLN). Surviving
hepatocytes are reduced to a thin layer around portal spaces (PS).
Sinusoids (arrows) are dilated and congestive. (H&E, 9320).
(B) Centrinodular necrosis (CNN) in cirrhosis. (Trichrome staining,
9250). (C) Hypoxic hepatitis caused by metastatic infiltration of the
liver from an oat cell carcinoma. Sinusoids are filled with tumour
cells. Hepatocytes are in necrosis (arrow). (H&E, 9 640).
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Hospital of Vienna where the prevalence of HH in ICU
reached 11.9% (5) (Table 2). This high figure can only
be explained by recruitment of very critically ill patients.
Indeed, in certain groups of severely ill patients, the
prevalence of HH may be higher than 10%. In cardio-
genic shock, we observed a prevalence of HH of up to
22% (26), while in septic shock, Raurich et al. reported
a prevalence of 13.8% (7).

The main reason for underestimating the true fre-
quency of HH is probably that such patients are not
admitted to gastroenterology units or general internal
medicine wards. In a 5-year period, we observed only
two cases of HH in our Gastroenterology Unit (27).
Similarly, Fuchs et al. reported a HH prevalence of 1.5%
in the ICU (33/2155 admissions) while they observed
only three cases among 9977 admissions (prevalence:
0.3/1000) in general internal medicine wards (25).

Hemodynamic pathogenesis

The liver is well protected against hypoxic stress. Hepa-
tic blood flow is in the range of 800–1200 ml/min and
accounts for around 20–25% of cardiac blood flow.
Since the precursor studies of Myers and Hickam, it is
generally agreed that hepatic blood flow is a fixed part
of cardiac blood flow and varies proportionally with it
(28). This close relationship between cardiac and hepa-
tic blood flow has been confirmed under various acute
conditions such as haemorrhagic (29), cardiogenic (30)
and septic shock (31). The liver is protected against
impairment in oxygen delivery by vascular mechanisms
of defense. A first mechanism is the double-blood deliv-
ery by the hepatic artery and the portal vein. The portal
vein delivers 70–80% of total liver blood flow, but
because partial pressure in oxygen is higher in the hepa-
tic artery, oxygen is equitably delivered by both vessels
(32). Under any conditions resulting in a decrease in
cardiac blood flow (and consequently in portal blood
flow), a protective mechanism will increase hepatic
artery blood flow. This mechanism is known as the
‘hepatic arterial buffer response’ (33). It is widely
accepted that this adaptive mechanism relies on adeno-
sine constantly released around terminal hepatic arteries

and washed out by portal blood flow. In case of
decreased portal blood flow, adenosine accumulates and
produces dilation of hepatic arterioles (32,33). The ana-
tomic specificities of liver sinusoids represent a second
mechanism of defense against hypoxia. Sinusoids are
special capillaries designed to favour exchanges between
blood and liver cells. They are lined by endothelial cells
perforated by multiple fenestrae and are free of basal
membranes (34). The high permeability of sinusoids
favours diffusion of oxygen to liver cells. The ability of
liver cells to extract oxygen may exceed 90% of available
oxygen, and this capacity is unique to the liver (32).
This explains why liver blood flow may decrease to half
its normal level without any change in liver oxygen con-
sumption (35).

Heart failure, respiratory failure and septic toxic
shock account for more than 90% of HH cases, and in
each of these conditions, several hemodynamic mecha-
nisms of liver hypoxia are involved. Heart failure is the
main underlying condition in HH. It accounts for 39–
70% of cases (Table 3). Typically, progressive degrada-
tion of chronic congestive heart failure results in an
acute cardiac event, most often pulmonary oedema or
arrhythmia that triggers HH (2,3). HH may also be
observed in more acute cardiac conditions such as myo-
cardial infarction, pulmonary embolism and cardiac
tamponade. Myocardial infarction at the origin of HH
was reported in 12.5–36% of cases in recent large series
(2,3,5,20). In HH related to heart failure, ischaemia of
the liver plays a pivotal role. Hemodynamic results from
two large series (2,3) are reported in Table 4 and com-
pared with normal values according to Shoemaker (36).
Systemic oxygen delivery (DO2) depends upon cardiac
output, haemoglobin level and oxygen saturation of
haemoglobin. The normal value of DO2 is between 520
and 720 mlO2/min.m2 and the critical threshold for
hypoxia is in the range of 330 mlO2/min.m2 (36–39). In
HH related to cardiac failure, decreased cardiac output
was the only cause of a decrease in DO2 close to the crit-
ical level of 330 ml/min.m2 (2,3). Nevertheless, liver
ischaemia is not the only hemodynamic explanation for
HH. Another crucial hemodynamic factor is passive
congestion of the liver secondary to right heart failure

Table 3. Clinical conditions underlying hypoxic hepatitis in the five largest and most recent series

Author date (ref.) Henrion 2003 (2) Birrer 2007 (3) Fuhrmann 2009 (5) Chang¶ 2008 (20) Raurich § 2010 (7)

No. of cases 142 322 118 75 182
S-AT x ULN * 20 10 20 75 20
Heart failure 100 (70%) 201 (62%) † 61 (52%) ‡ 47% 71 (39%)**
Respiratory failure 19 (13%) 45 (14%) † 23 (20%) ‡ 11% <7%
Septic shock 19 (13%) 52 (16%) † 37 (32%) ‡ 32% 60 (32%)

*Peak level of serum aminotransferase (S-AT) required for diagnosis of HH.

†According to Table 2, ref. 3.

‡Deduced from text and Table 3, ref. 5.

§In this series, traumatic shock accounted for 21% of cases.

¶Published only as abstract. Prevalence of underlying conditions reported only as percentages.

**This figure is reached if 14 cases of cardiac tamponade (10 cases) and pulmonary embolism (four cases) are included in the cardiac failure group.
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that impairs oxygen diffusion. In patients admitted for
cardiogenic shock, the severity of hypotension and the
decrease in cardiac output were similar in cases with
and without HH. In contrast, central venous pressure
was more strongly increased in patients who developed
HH (26). The role of passive congestion of the liver was
also demonstrated by Seeto et al. who compared
patients with HH caused by cardiac failure with patients
suffering from circulatory shock (40). Thus, in heart
failure, a mild and transient decrease in cardiac and
hepatic blood flow, sometimes clinically undetected, is
sufficient to provoke CLN if the liver is already sensi-
tized to hypoxia by passive congestion. This explains
why a shock state or severe hypotension is not systemat-
ically observed in HH and why HH can occur even in
unrecognized cardiomyopathy (27,41). The crucial role
of passive congestion of the liver also explains why HH
is rarely observed in haemorrhagic or hypovolaemic
shock.

Respiratory failure is the cause of HH in around 15%
of cases (Table 3). The typical clinical setting is an epi-
sode of exacerbation of chronic respiratory failure
resulting in severe hypoxaemia (42,43). Hypoxaemia is
the main hemodynamic factor of HH in respiratory fail-
ure (Table 5). Very low levels of arterial pressure in oxy-
gen (PaO2), under 40 mmHg, are commonly observed
(42,43). In this setting, severe hypoxaemia is the only
cause of a decrease in DO2 close to the critical level of
330 mlO2/min.m2. Cardiac output and hepatic blood
flow are normal or even increased (Table 5) and there-
fore in HH related to respiratory failure, ‘ischaemic hep-
atitis’ is a misnomer. Passive congestion of the liver also
plays a role. Central venous pressure is increased and, as
demonstrated by Ucgun et al., right ventricular failure
(cor pulmonale) is an independent risk factor (43).

Septic-toxic shock accounts for 15–30% of HH cases
depending on ICU specificities (Table 3). The preva-
lence of septic-toxic shock was 13% in our series and
16% in the series of Birrer (2,3). In contrast, the preva-
lence of septic shock was twice higher in three more
recent large series (Table 3). HH secondary to septic-

toxic shock consistently follows protracted shock and,
in this setting, the term ‘shock liver’ might be appropri-
ate. Extensive hemodynamic evaluation in septic shock
has given conflicting results. Nevertheless, it is generally
agreed that cardiac output, and therefore hepatic blood
flow, are increased at the initial phase of septic shock
caused by the drop in vascular resistance and the
increase in pulse rate (44–46). This hemodynamic pro-
file was indeed observed in HH secondary to septic-
toxic shock (Table 6). Arterial pressure and central
venous pressure were low, but cardiac output was nor-
mal or increased and oxygenation of blood was normal
(Table 6). In this setting, liver hypoxia is not the conse-
quence of decreased blood and oxygen delivery, but is
because of an increased demand for oxygen that cannot
be met and to the inability of liver cells to use available
oxygen. The latter phenomenon, sometimes referred to
as ‘dysoxia’, has been clearly demonstrated by studies
assessing the relationship between splanchnic blood flow
and splanchnic oxygen extraction in patients with septic
and cardiogenic shock (45,47): in cardiogenic shock,
splanchnic blood flow is decreased but oxygen extrac-
tion can reach 90%, while in septic shock, splanchnic
blood flow is increased (exceeding 3 L/min.m2 in some
cases) but liver cells are unable to extract oxygen
(Fig. 1). Therefore, HH related to septic-toxic shock
occurs when the increase in cardiac and hepatic blood
flow is not sufficient to counterbalance the increased
demands for oxygen and the decreased ability of liver
cells to use oxygen. Mechanisms behind this imbalance
between oxygen delivery and oxygen consumption are
not fully explained. Endotoxins and inflammatory
mediators play an important role by impairing the
respiratory function of liver cells and the fluidity of liver
microcirculation (48,49). It is interesting to observe that
HH is infrequent in circulatory shock secondary to gas-
trointestinal bleeding, a setting where systemic inflam-
matory response is generally absent. In a prospective
study of 400 cases of upper gastrointestinal bleeding, we
observed severe hypotension in 111 patients (27%)
without any cases of HH (50).

Liver hypoxia might not be sufficient to result in HH.
Reoxygenation is probably required. Recently, studies

Table 4. Hemodynamic assessment in hypoxic hepatitis caused by
cardiac failure (results expressed as medians)

Author (ref.) J. Henrion (2) B. Birrer (3)
Normal
values (36)

No. of cases 73 198 –
CVP (cm H2O) 21 20 1–9
CI (L/min.m2) 1.97 (n = 34) 1.91 2.8–3.6
DO2 (ml/min.m2) 350 (n = 34) 325 520–720
PaO2 (mmHg) 64 84 80–98
HBF (ml/min.m2) 795 (n = 18) 778 2100*

DO2, oxygen delivery; CI, cardiac index; CVP, central venous pressure;

HBF, hepatic blood flow; PaO2, partial pressure in oxygen of the arterial

blood.

*According to personal published results (ref. 2).

Table 5. Hemodynamic assessment in hypoxic hepatitis because
of respiratory failure (results expressed as medians)

Author (ref.) J. Henrion (2) B. Birrer (3) Normal values (36)

No. of cases 19 51 –
CVP (cm H2O) 17.5 16 1–9
CI (L/min.m2) 3.8 (n = 8) 3.9 2.8–3.6
DO2 (ml/min.m2) 394 (n = 8) 382 520–720
PaO2 (mmHg) 34 32 80–98
HBF (ml/min.m2) 1283 (n = 4) 1304 2100*

DO2, oxygen delivery; CI, cardiac index; CVP, central venous pressure;

HBF, hepatic blood flow; PaO2, partial pressure in oxygen of the arterial

blood.

*According to personal published results (ref. 2).
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Hôpital de Jolimont, Haine-Saint-Paul 7100,

Belgium

Tel: +32-495-653941

Fax: +32-64-233180

e-mail: jeanhenrion@yahoo.fr

Received 8 May 2011

Accepted 1 September 2011

DOI:10.1111/j.1478-3231.2011.02655.x

Abstract
Hypoxic hepatitis (HH), an acute liver injury also known as ‘ischaemic hepa-
titis’ or ‘shock liver’, is frequently observed in intensive care units. HH is her-
alded by a massive but transient rise in serum aminotransferase activities
caused by anoxic necrosis of centrilobular liver cells. Cardiac failure, respira-
tory failure and toxic-septic shock are the main underlying conditions
accounting for more than 90% of cases, but HH may also occur in other cir-
cumstances. Until recently, liver ischaemia, i.e. a drop in hepatic blood flow,
was considered the leading, and even the sole, hemodynamic mechanism
responsible for HH, and it was generally held that a shock state was required.
In reality, other hemodynamic mechanisms of hypoxia, such as passive con-
gestion of the liver, arterial hypoxaemia and dysoxia, play an important role
while a shock state is observed in only 50% of cases. Accordingly, ‘ischaemic
hepatitis’ and ‘shock liver’ are misnomers. Therapy of HH depends primarily
on the nature of the underlying condition. The prognosis is poor, with more
than half of patients dying during the hospital stay.

In 1901, from a series of 1190 autopsies at Boston City
Hospital, F. B. Mallory observed in 95 cases, a pattern of
hepatic necrosis homogeneously distributed around
central veins that he named ‘central necrosis’ (1). This
liver injury is currently known as ‘centrilobular liver cell
necrosis’ (CLN) and the clinical syndrome underlying
this type of necrosis has been named ‘ischaemic hepati-
tis’, ‘shock liver’ or, more recently, ‘hypoxic hepatitis’
(HH). This syndrome is a dreaded liver injury in inten-
sive care units (ICU). It is characterized by an abrupt
onset and a massive increase in serum aminotransferase
activities (S-AT) caused by anoxic CLN. Generally, it
requires the presence of an underlying disease that
chronically compromises oxygen delivery to the liver
combined with an acute event that further decreases the
availability of oxygen (2,3).We suggested that diagnosis
of HH could be clinically assumed if three conditions
were met: (i) an appropriate clinical setting of cardiac,
respiratory or circulatory failure; (ii) a sharp increase in
S-AT, reaching at least 20 times the upper limit of nor-
mal (9 ULN); (iii) exclusion of other causes of acute
liver cell necrosis, particularly viral or drug-induced
hepatitis (2,4). These criteria have been used and vali-
dated in recent large series and it is agreed that liver
biopsy is neither required nor advisable when they are
present (5–7).

The hemodynamic mechanisms resulting in liver cell
necrosis in HH have been subject of debate for more
than a century. In his precursory studies, Mallory pro-
posed a ‘toxic’ mechanism due to bacterial infection
(1,8). He assumed that liver cell necrosis was the conse-

quence of a toxin released by bacteria into the circula-
tion (1,8). Ten years later, the toxins theory of Mallory
was challenged by Lambert and Allison (9). In a series of
112 patients deceased from congestive heart failure, they
observed CLN in 30% of them and none had bacterial
infection. They rejected the infection theory and stated
that passive congestion of the liver was the only mecha-
nism leading to CLN in patients with cardiac failure.
The ‘congestion’ theory was born and was to remain
unquestioned for more than 50 years. A giant step for-
ward in the history of HH was the emergence of S-AT
measurement in the early 1950s (10,11). Shortly after-
wards, in a large series of 701 patients with various car-
diac and liver diseases, Chinsky et al. observed that a
massive increase of S-AT (At least 10 9 ULN) occurred
in just 29 cases (4%) who died in shock state (12). Upon
autopsy of these cases, CLN was a constant feature. The
association between shock, CLN and a massive rise in
S-AT led some investigators to suggest that liver cell
necrosis was caused by not only passive congestion of
the liver but also liver ischaemia (12–14). Nevertheless,
the congestion theory persisted up until the 1970s (15).
Then in 1978, Birgens et al. reported five cases of HH
grouped under the heading ‘Shock liver’ (16) and 1 year
later, Bynum et al. coined the term ‘ischaemic hepatitis’
(17). They assumed that liver ischaemia, and solely liver
ischaemia, was responsible for liver cell necrosis. Shortly
thereafter, Arcidi et al. published an impressive but
biased study that was to have a profound impact up until
the present time (18). In that postmortem study of 1000
cases of death from ‘cardiac dysfunction’, they claimed
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Abstract
Background. Paracetamol overdose can cause acute kid-
ney injury (AKI) independent of its hepatotoxic effects.
We aimed to determine the prevalence of AKI (AKI Net-
work definition) in those with paracetamol-induced hepa-
totoxicity, identify factors associated with development,
assess impact on the outcomes of patient survival and
length of stay and determine the proportion of patients
recovering renal function (estimated glomerular filtration
rate > 60 mL/min) by the time of hospital discharge or
transfer out.
Methods. Between 2000 and 2007, patients admitted to a
tertiary referral liver intensive therapy unit (LITU) with
paracetamol-induced hepatotoxicity were identified from
a prospectively maintained database and evaluated.
Results. Those receiving a liver transplant were ex-
cluded (n ¼ 54), leaving 302 patients. Renal function
remained normal in 21%, the remainder developing
AKI (Stages 1–8%, 2–6% and 3–65%). Vasopressor re-
quirement, mechanical ventilation, higher admission
phosphate and lower sodium levels along with a higher
Day 3 lactate and lower haematocrit were associated
with AKI. In survivors with AKI, 51% had recovery of
renal function, while 7% remained dialysis dependant
although none required it chronically. Overall, there
was 25% mortality, all having Stage 3 AKI but AKI
was only a univariate not multivariate predictor of re-
duced patient survival. AKI independently predicted lon-
ger length of stay.
Conclusions. AKI is very common in critically ill
patients with paracetamol-induced hepatotoxicity re-
quiring LITU admission. Although outcomes are poorer
with AKI than with normal renal function, they are better
than those found in other intensive therapy unit popula-

tions. Gradual recovery of renal function is seen in all
patients.

Keywords: acute liver failure; acute renal failure; hepatotoxicity;
intensive therapy unit; paracetamol;

Introduction

Acute kidney injury (AKI) occurs in 40–80% of patients
with acute liver failure (ALF) [1, 2]. The underlying aeti-
ology is frequently multifactorial and AKI may occur as a
consequence of sepsis, hypovolaemia-induced renal hypo-
perfusion, hepatorenal syndrome, intra-abdominal hyper-
tension or there may be a common underlying cause
for the hepatic and renal toxicity including drugs, such as
paracetamol [3, 4].

Paracetamol is a commonly used analgesic and
paracetamol-induced hepatotoxicity remains the most com-
mon aetiology of ALF in the UK and USA [5, 6]. Hepato-
toxicity, defined as an aspartate aminotransferase level of
>1000 IU/L, following intentional or unintentional inges-
tion of paracetamol is observed in 3–26% of patients, de-
pending on the factors including time to presentation for
treatment with N-acetylcysteine [7, 8]. ALF (hepatotoxicity
in the presence of encephalopathy and coagulopathy), how-
ever, is relatively rare.

Acute renal impairment occurs in 2–10% of patients who
ingest excessive amounts of paracetamol. It has also been
noted in the absence of hepatotoxicity [9–12]. Although
renal biopsy is rarely undertaken in patients with AKI,
a pattern of acute tubular injury due to toxic metabolites
(n-acetyl-p-benzo-quinone-imine) generated by primarily
liver-derived cytochrome P450 enzymes has been
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Clinical Evidence of Intra-cranial Hypertension.  
All Severe HE.   Split by admission INR 



Grade	  III/IV	  coma	  
Young	  people	  	  
Haemodynamic	  instability	  
Fever,	  SIRS,	  low	  Na	  
Elevated	  NH4	  (>150)	  
Renal	  failure	  
MCA	  dopplers	  
	  
	  
	  
10%	  complicaIon	  rate	  	  
5%	  significant	  
Vaquero	  Liver	  TransplantaJon	  Dec	  2005	  

Bernal	  W	  Hepatology	  2008	  2007	  

Who	  to	  monitor	  ?	  



NH4	  cut	  off	  124	  :	  pH,	  cerebral	  
oedema	  	  +	  	  NH4	  predict	  outcome	  	  
BhaJa	  V	  	  Gut	  2005	  	  
 

Clemmensen	  et	  al	  	  
Hepatology	  1999;	  
29:648-‐653 

Bernal	  W	  Hepatology	  2007	  



ICH and Age 

0%

10%

20%

30%

40%

50%

<25 25-50 >50
               Age Group (years) 

% Developing ICH 

n=380 
p<0.0002 

All Patients 

Ware	  et	  al	  	  
Gastroenterology	  	  
1971;61(6):877-‐84	  



  ICP	
45 (25-49) 	
16 (13-17) *	

  CBF 	
103 (25-134) 	
44 (24 -75) *	

  CPP 	
45 (37-56) 	
70 (60-78) *	

  CI 	
9.8 (7-13)	
5.1 (4.3-6.1) *	

	

• Art NH4    343 (109 - 490) to 259 (100-453)* 	

Restoration of autoregulation	


Jalan	  et	  al	  Lancet	  354:	  9185	  :1164	  	  1999	  
Jalan	  et	  al	  Gastroenterology	  
2004;27:1338	  
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72	  ALF	  in	  grade	  III/IV	  coma	  underwent	  CT	  imaging	  :	  incidence	  of	  
radiological	  cerebral	  oedema	  was	  32%	  



•  Agitation and airway management  
– Grade III : Intubate, ventilate and sedate with opiate and propofol 
– Control ventilation - avoid alkalosis 

•  Position - 10 to 20 degrees head up 
•  Insert reverse jugular line: JV sat 55 to 80% 
•  Control of glucose, K, pH, Na (145-150 mmol/L) 
•  Ammonia daily measurement: early CRRT; SIRS monitoring 
•  MAP > 60-65 : frequently not autoregulating - need to measure ICP 
•  No CPP aim per se 
•  Treat “ICP” - trigger > 25 or  pupillary abnormalities 

– Hypertonic NaCl (30%)  20 ml Mannitol ; 150 ml 20% (osmolarity 
< 320)  

–  Indomethacin 0.5 mg/kg (25-50 mg) only  if JV(r) high 
•  Hyperventilation - only for ICP in association with high JV satn 
•  Temperature - avoid fever : hypothermia should not be undertaken 

routinely 
 
 
 



FULMAR	  (Saliba	  et	  al)	  
•  ProspecIve,	  controlled,	  randomized	  parallel	  group	  trial	  	  	  	  

–  Total	  number	  of	  paIents:	  102	  (ITT)	  
–  Main	  eIology	  of	  ALF	  due	  to	  Acetaminophen	  (38%)	  

•  	  SMT	  =	  19,	  MARS=20 	  	  	  

•  Comparison	  of	  SMT	  versus	  SMT	  +	  MARS	   	  	  	  
IndicaIon	  	  	  	  

•  ALF,	  with	  and	  without	  indicaIon	  for	  liver	  transplantaIon	   	  	  	  
•  68/102	  paIents	  transplanted	  	  

–  41%	  of	  acetaminophen	  group	  
•  Median	  delay	  lisIng	  to	  transplant	  was	  16.2	  hrs	  

Faouzi Saliba et al , AASLD 2008. 



Courtesy: Faouzi Saliba et al , AASLD 2008, Gambro (Josep Torner)  



   Arterial pH < 7.30 or HC03 < 18  pH < 7.30 or or HC03 < 18 
   INR > 3.0 day 2 or > 4.0 thereafter  INR >1.8 
   oliguria and/or elevated creatinine  oliguria/renal failure 
   altered conscious level    encephalopathy 
   hypoglycaemia     hypoglycaemia 

        shrinking liver size 
                                                                              < 1000 ml need OLT 

       Na < 130 mmol/L 

              Bilirubin > 300 µmol/l 

Paracetamol	
 Non-Paracetamol	


Children - coagulopathy 
 
Budd Chiari  
 
Pregnancy related 

Guidelines	  for	  referral	  



ALF and Tx as an option: if poor 
prognostic criteria achieved 

Yes  
Drug related  
Acute Viral hepatitis 
Toxins  
Hepatic vein occlusion  
 
 
Consider but very rarely  
required  
Pregnancy related  
Trauma  
  

No  
Ischemic hepatitis (HH) 
Systemic Disease 

 HLH  
 Metabolic disease 

Infiltrative Disease 
Lymphoma  
  
 Exceptions to rules  

Acute Wilsons disease 
Children and young adults  
Intercurrent viral illness 
Stopped drugs  
Coagulopathy, haemolysis 
& low AlKP04  



Edinburgh	  	  
1992-‐2009	  

Birmingham	  
1992-‐2008	  

ALFSG	  
1998-‐2001	  

N	  with	  ALF	   515	   1237	   308	  

Listed	  for	  LTX	   154	  (30%)	   327	  (26%)	   135	  (44%)	  

Actually	  
transplanted	  

117	  	  (76%)	  
	  	  	  	  	  	  	  	  (23%	  of	  all	  n)	  

263	  (80%)	  
	  	  	  	  	  	  	  (21%	  of	  all	  n)	  

89	  (66%)	  
(29%	  of	  all	  n)	  

Listed	  but	  no	  LTX	  
	  	  	  	  	  	  	  	  Mortality	  in	  %	  

37	  	  
	  	  97%	  

64	  
	  	  77%	  

No	  LTx	   398	  (77%)	   974	  (79%)	   219	  (71%)	  

Survived	  wout	  LTX	   61%	   74%	   43%	  

Overall	  mortality	  of	  
ALF	  

23-‐38%	  at	  1	  year	  

Bretherick	  AD	  et	  al.	  Q	  J	  Med	  2011;	  Marudanayagam	  R	  etal:	  HPB	  2009,	  Ostapowicz	  G	  et	  al:	  Ann	  Internal	  Med	  2002	  
	  



   pH	  <	  7.30	  	  
   	  	   	   	   	   	   	   	  pH<7.3	  
   all	  3	  of	  the	  following 	   	   	   	  INR	  >	  6.5	  
   within	  24	  hrs	  

   PT	  >	  100	  INR	  >	  6.5	   	   	  	  any	  3	  of	  :	  
   CreaInine	  >	  300	  µmol/l 	   	   	  seronegaIve	  hepaIIs	  or	  	  
   grade	  3	  -‐	  4	  encephalopathy	   	   	  drug	  related	  /	  halothane	  
   	  	  	  	  	  	   	   	   	   	   	   	  Bilirubin	  >	  300	  µmol/l	  
   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  INR	  >	  3.5	  
   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  Age	  <	  10	  yrs	  or	  >	  40	  yrs	  
   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  J	  -‐	  E	  >	  7	  days	  

   	  	  

Paracetamol/ 	
 	
          Non-Paracetamol	

Hyperacute	


Lactate	  :	  4	  hrs	  >	  3.5	  OR	  43	  p<0.001	   	  	  
Lactate	  :	  12	  hrs	  >	  3.5	  OR	  63	  p<0.001 	   	   	   	   	  	  

	  	  	  	   	   	   	   	   	  	  
Budd	  Chiari	  :	  renal	  failure	  +	  HE	  	  
	  
Clichy	  Criteria	  -‐Grade	  III	  +	  
Factor	  V	  <30%	  +	  age	  >	  30	  
Factor	  V	  <	  20%	  +	  age	  <	  30	  	   	  	  

Low	  P04	  :	  good	  prognosis	  
(Alpha	  feta	  protein)	  
MELD	  >	  30	  
BiLE	  score	  	  
Liver	  volume	  and	  Bx 
 

Time from 
Ingestion !! 



Acute	  liver	  failure:	  	  
PrognosIcaIon	  based	  on	  scores	  or	  biomarkers	  

	  

	  

King’s College criteria : paracetamol and non-paracetamol 
± lactate 

Clichy criteria 

MELD > 30 

Gc-globulin, alpha-fetoprotein 

BiLE criteria (bilirubin, aetiology, lactate) 

Liver volume, liver % necrosis on Bx  

Wilsons index 

USA ALF  
index 



Use of prognostic models 
•  Critical to minimise ‘unnecessary 

transplantation’        

Bernal	  et	  al	  2007	  J	  Hepatology	  

Kings	  College	  Hospital	  1994-‐2004.	  n=136	  



Journal	  of	  Hepatology	  2010	  vol.	  53	  j	  492–499	  





Teams	  make	  things	  work	  
julia.wendon@kcl.ac.uk	  



Infection is common 
in ALF & related to 
severity  
Karvellas Intensive Care Med 2009 


