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Foreword

The British Liver Nurses Forum (BLNF) began in 1998 with a small group of 
nurses all with a common interest in caring for patients with liver disease. From 
this has grown a successful organisation which continues to be steered by nurses 
passionate about liver nursing. In 2008 the BLNF celebrated 10 years of being an 
active force in liver nursing, and continuing to strive to improve the quality of care 
for liver patients, highlight issues related to liver disease and empower liver 
nurses.

The prominence of liver disease has changed beyond recognition with some 
disease processes being highlighted both by the media and government. The 
government’s national scoping exercise for liver disease has given the BLNF an 
opportunity to voice the concerns of nurses within this speciality and raise the 
profi le of liver nursing in the public arena.

The impact of liver disease is rising across the whole of the UK and indeed glob-
ally; nurses and other health care professionals are encountering patients with liver 
disease not just on medical and gastroenterology wards, but in a number of clinical 
arenas. One of the key drivers that led to the development of the BLNF was to 
develop, expand and raise the profi le of liver nursing; in executing this aim it 
became apparent that there was a lack of resources for nurses and allied health 
professionals and most of the available resources were written by eminent hepa-
tologists. This book aims to address this void and provides a textbook that is aimed 
at nurses and other health care professionals caring for patients with liver disease, 
to furnish them with current and contemporary evidence and practice.

 British Liver Nurses Forum
 December 2008
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1Anatomy and physiology

Introduction

This chapter will provide a brief overview of the anatomy and physiology of the 
liver, examining the blood supply, internal structures and the most common 
hepatic functions. It will provide an overview of the pathophysiology of cirrhosis, 
subsequent chapters will provide more details on particular problems. This chapter 
is not an exhaustive guide to liver anatomy and physiology, but it is hoped that 
the reader will gain an appreciation of how complex and far reaching the liver’s 
infl uence over health can be, and how this function is supported by the structure 
of the liver.

The liver

The liver is the largest solid organ in the body, weighing approximately 1500 g in 
adults, and comprises of one fi ftieth of the total adult body weight. The liver lies 
in the right upper quadrant of the abdominal cavity covered by Glisson’s capsule, 
and is therefore protected by the rib cage. The liver has two anatomical lobes 
(Figure 1.1), with the right being six times larger than the left. The right and left 
lobes are separated anteriorly by the falciform ligament, and inferiorly by the liga-
mentum teres. The left lobe also includes the caudate and quadrate lobes. It is 
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2 Liver Diseases

separated from these two lobes by the attachment of the ligumentum teres, and 
the fi ssures for the ligumentum teres and the ligamentum venosum (Sherlock and 
Dooley, 2002). The hepatic artery, portal vein, afferent and efferent nerve supply 
bile ducts and lymphatics enter the liver at a central area known as the hilus. The 
liver performs many functions in both health and disease, though only the main 
ones will be described in this chapter. Its nerve supply plays a role in many of 
these functions (Tiniakos et al., 1996; Sherlock and Dooley, 2002).

The liver has both a venous and arterial blood supply. These provide a total of 
around 1350 mL/min of blood – around one quarter of the resting cardiac output. 
The portal vein drains the splanchnic circulation and provides 75% of the liver’s 
blood supply, the hepatic artery supplies the remaining 25%. The venous outfl ow 
from the liver is through the hepatic vein into the inferior vena cava. The liver 
gives very little resistance to the fl ow of blood from the portal vein, with an average 
pressure of 9 mmHg (range 5–10 mmHg). This pressure is suffi cient to drive 1 L 
of blood through the liver each minute.

Hepatic microstructure

The liver contains hepatocytes, endothelial cells, Kupffer cells, pit cells and hepatic 
stellate cells (HSCs). The latter are also called Ito cells, fat-storing cells, perisinu-
soidal cells and lipocytes. Hepatocytes are the liver parenchymal cells and comprise 
of approximately 60% of the liver; endothelial cells line the walls of sinusoids (see 
below); Kupffer cells are phagocytic cells found on the walls of sinusoids that were 
fi rst observed by Karl Wilhelm von Kupffer in 1876 (Haubrich, 2004). Pit cells 
are a type of natural killer cell found in the liver, their name comes from their 
characteristic cytoplasmic granules resembling the pits in a grape (Wisse et al., 
1976). HSCs are a major regulator of normal liver homeostasis (Li and Friedman, 
2001) and are found in the space of Disse (see below).

Gastric impression

Fissure for
ligamentum venosum

Renal impression

Duodenal
impression

Colonic impression
Gallbladder

Portal vein
Porta hepatis
Hepatic artery
Bile duct

Ligamentum teres

Quadrate lobe

Figure 1.1 Inferior view of the liver. Reproduced from Sherlock S, Dooley J (2002) with permission 
from Blackwell Science.



Anatomy and physiology 3

The portal vein and hepatic artery branch repeatedly until blood from the fi nest 
branches of the portal vein and hepatic artery fl ow into ‘sinusoids’. These are lined 
with endothelial cells and are similar to capillaries in other tissues. The sinusoids 
drain into fi ne central veins which link up with other central veins before draining 
into the hepatic vein. The arterial and venous supplies are separate until they mix 
within the sinusoid.

Hepatocytes are arranged in thin layers (hepatic plates) as shown in Figure 1.2, 
giving a maximum surface area for exchange of substances with the blood. The 
hepatocytes are separated from the blood by the ‘space of Disse’ and the endothe-
lial cells. The space of Disse contains microvilli projecting from the hepatocytes, 
HSCs and a low-density extracellular matrix (ECM). HSCs encircle the sinusoid 
within the space of Disse.

Liver endothelial cells have many holes (fenestrations), not possessed by other 
endothelial cells, which enable large molecules such as albumin to pass between 
the blood and the space of Disse. The low-density ECM in the space of Disse 

Canalicular
membrane

© Elsevier 2006. Bacon, O’Grady, Di Bisceglie and Lake: Comprehensive Clinical Hepatology,
2nd edition

Sinusoidal  membrane Lateral
membrane

Microtubules
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Pericanalicular
microfilament web

Nucleus

Sinusoidal
endothelial
cell
Kupffer
cell

Pit cell

Stellate
cell

Microanatomy of the liver cell plate

Figure 1.2 The microanatomy of the liver cell plate, showing the relationship of the four non-
parenchymal cells to the hepatocytes. Kupffer cells and pit cells lie within the sinusoidal lumen. Endo-
thelial cells separate the sinusoidal lumen from the space of Disse. Stellate cells (lipocytes) lie within 
the space of Disse. Reproduced from Bacon et al. (2006) with permission from Elsevier.



4 Liver Diseases

allows molecules to pass freely but still supports the overall structure, and the 
hepatocyte microvilli provide a large surface area for passage of substances into 
and out of the hepatocytes.

Bile canaliculi are minute channels between adjacent hepatocytes that deliver 
bile into bile ductules in the portal area. The bile is kept apart from the blood and 
the space of Disse.

Many organs have a ‘functional unit’ that is defi ned as the smallest section of the 
organ that can carry out the basic function of that organ. An example is the nephron 
– the functional unit of the kidney. The functional unit of the liver is not self-
apparent, and has been extensively debated. The liver can be imagined as divided 
into ‘classical’ lobules with a central venule in the middle, and in some of the corners 
of the polygon (typically drawn as a hexagon) surrounding this is a ‘portal triad’ 
containing branches of the portal vein and the hepatic artery, and a bile duct.

Rappaport et al. (1954) also defi ned a functional unit for the liver, the ‘liver 
acinus’, a volume of liver between a distributory branch of the portal vein and the 
central vein(s) that it drains into. It is further divided into three zones: zone 1 
nearest the liver vascular infl ow; zone 3 nearest the central venule where blood 
leaves the hepatocytes; and zone 2 between them (Figure 1.3). Zone 3 suffers the 
most from injury whether viral, toxic or anoxic (Sherlock and Dooley, 2002). A 
slightly different concept was later proposed by Matsumoto and Kawakami (1982). 
In both concepts the different areas receive different levels of oxygenation and 
substrates (such as glucose) as blood fl ows through the liver. They also differ to 
some extent in the metabolic functions they carry out (Kietzmann and Jungermann, 
1997).

Hepatic acinus

HV

Elsevier 2006. Bacon, O’Grady, Di Bisceglie and Lake:
Comprehensive Clinical Hepatology, 2nd edition 

HV

TPV
HA

BD

21 3

Figure 1.3 Hepatic acinus. Reproduced from Bacon et al. (2006) with permission from Elsevier. (HV 
= hepatic venule; HA = hepatic artery; TPV = portal vein; BD = bile duct).
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Carbohydrate metabolism

The liver has a central role in the maintenance of blood glucose levels. It supplies 
glucose when blood levels are low and takes it up when supply is plentiful.

Glucose is stored within hepatocytes by converting it to glycogen (glycogenesis). 
Glycogen is a branched polymer, essentially a long string of glucose molecules 
joined together, with one chain sometimes dividing into two. Storing glucose 
within the cell as glucose molecules would signifi cantly alter osmotic pressure 
within the cell leading to problems with intracellular–extracellular fl uid balance. 
Hepatocytes can store up to 5–8% of their weight as glycogen; the adult liver 
stores on average about 80 g.

Glycogen is readily broken down into glucose (glycogenolysis), so is a good 
source of energy for sudden, strenuous activity. Glycogenolysis involves enzymes 
‘chipping off’ glucose molecules from the glycogen and can be triggered by gluca-
gon (produced in response to a low blood sugar) and adrenaline.

During fasting around 11% of glycogen stores are used each hour. After a few 
hours the liver increasingly turns to gluconeogenesis to supply glucose. This is the 
production of new glucose from non-carbohydrates, mainly lactate, amino acids 
and glycerol (not fatty acids). The supply of glucose shifts between directly sup-
plied dietary glucose, glucose from glycogenesis and glucose from gluconeogenesis 
over the day (Figure 1.4).

Glucose metabolism is controlled by hormones as described, but there is increas-
ing recognition that it is also controlled by genes cycling in a circadian rhythm 
(Rudic et al., 2004; Pititsyn et al., 2006). The liver has its own circadian rhythm 
that is synchronised with the ‘master’ circadian rhythm clock in the suprachias-
matic nucleus in the brain by signals such as glucocorticoid release (Reddy et al., 
2007).

Muscle cells can also store glycogen (up to 1–3% of their weight). The much 
larger total mass of muscle can store more glycogen than liver. However muscle 
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Figure 1.4 Glucogenesis. Reproduced from Baynes and Dominiczak (2005) Medical Biochemistry, 
2nd edn, p 158, with permission from Mosby.



6 Liver Diseases

cells do not possess the enzyme necessary to enable release of glucose from the cell 
into the blood. A small amount of gluconeogenesis takes place in the kidneys.

Fat metabolism

The liver plays an essential role in the digestion of dietary fats. It produces bile 
salts which are essential for the emulsifi cation of fats within the gut. Almost all 
fats in the diet are absorbed from the intestines into the lymphatic system. The 
fats are broken down into monoglycerides and fatty acids that are absorbed into 
the intestinal epithelial cells and then enter the lymphatic system as tiny, dispersed 
particles called chylomicrons.

Functions of the liver in the metabolism of fat can be summarised as:

� Oxidation of fatty acids to supply energy
� Synthesis of cholesterol, phospholipids and lipoproteins
� Synthesis of fats from proteins and carbohydrates

Fatty acids typically contain 16 carbon atoms. To use them for energy the liver 
splits them into acetyl coA (two carbon atoms long) by beta-oxidation. The acetyl 
coA can enter the tricarboxylic acid cycle and be used directly as an energy source. 
Beta-oxidation can take place in all cells in the body, but the liver is particularly 
effi cient at it and can produce more than it needs. The excess acetyl coA is con-
verted into the very soluble acetoacetic acid which can pass easily into other cells 
where it is converted back into acetyl CoA and used for energy.

Some of the acetoacetic acid is converted into beta-hydroxybutyric acid and very 
small amounts into acetone. These can also pass easily into other cells around the 
body where they can be used for energy. Their blood concentrations are normally 
very low. However in starvation and diabetic ketoacidosis the concentrations of 
these three substances can rise to many times normal and the presence of aceto-
acetic acid can be detected in the urine (usually called ketones on the dipstick). 
This implies that much fat is being metabolised to provide energy.

If an excess of carbohydrates and proteins are presented to the liver they will 
be converted into fatty acids. Some will be stored in the liver (5% of liver weight 
is due to fat), the rest will be released into the blood and taken up by adipocytes 
and stored as fat. Adipocytes can synthesise minute quantities of fat from carbo-
hydrate but the majority takes place in the liver. Fatty acids are continually cycling 
between the liver and adipose tissue, half the fatty acid in the plasma is replaced 
every 2–3 minutes.

Protein metabolism

Dietary proteins are digested and broken down into amino acids over several 
hours. These enter the blood stream and are rapidly absorbed into cells all over 
the body. Subsequently there is a constant interchange and equilibrium between 
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plasma amino acids, plasma proteins, amino acids in cells and cellular proteins. 
Plasma proteins can be rapidly degraded within the reticuloendothelial system. 
Liver and other cells can rapidly form and degrade proteins. Overall, in health, 
there is a constant state of equilibrium.

Amino acids can also be used for energy after removing nitrogen, but this leads 
to the release of the highly toxic substance ammonia (NH3). The liver removes 
ammonia from the blood and converts it to urea (and a minor amount into gluta-
mine). The biochemical process for doing this is known as the urea cycle. Some 
of the chemical steps in the urea cycle are present in other tissues and are important 
for removal of ammonia from those tissues, but the complete cycle is present only 
in the liver. Elevated levels of serum ammonia are seen in both acute and chronic 
liver disease. In acute liver failure this is linked to the impairment in the conversion 
of ammonia to urea due to hepatic necrosis. In chronic liver disease the rate of 
urea synthesis is markedly reduced, which is attributed to several factors such as 
portosystemic shunting and increased intestinal production (Luxon, 2006). Hyper-
ammonaemia has been linked to hepatic encephalopathy and is discussed in depth 
in Chapter 6.

Protein synthesis

The liver can synthesise about 48 g of protein per day. Albumin is the major 
protein synthesised (approximately 12–15 g) and an important constituent of 
blood as it is the predominant cause of the oncotic pressure of blood. Albumin 
also acts as an acid–base buffer and binds drugs and electrolytes in the blood. Its 
synthesis by the liver is affected by nutritional status, and the blood albumin level 
is sometimes used as an indicator of nutritional status.

The acute phase response is a non-specifi c response to tissue injury or infection. 
This involves a change in the concentration of a number of proteins in the blood 
known as acute phase reactants. These are defi ned by having a change in concen-
tration of larger than or equal to 25% by 1 week after the initial injury or infection. 
Some proteins increase: these positive acute phase reactants are predominantly 
synthesised by the liver and include alpha-1 antitrypsin, coagulation proteins and 
C-reactive protein (CRP). Substances whose concentration decreases as part of the 
acute phase response are known as negative acute phase reactants. These include 
albumin and transferrin.

CRP is a binding protein (opsonin) that binds to macromolecules released by 
infective agents or damaged tissue and enhances their phagocytosis. The blood 
level of CRP is often used as a marker of infection – although it can be raised as 
part of a general infl ammatory response with no infection present.

Clotting factors

The liver is the site of synthesis of all clotting factors and their inhibitors (Amitrano 
et al., 2002). The prothrombin time (PT) is an index of clotting function, which 
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depends on the production of clotting factors in the liver and can be used as a 
measure of the liver’s synthetic ability. Liver failure will lead to a prolongation of 
the PT with the degree of prolongation related to the severity of liver failure. Liver 
disease can also cause problems with haemostasis in other ways such as causing a 
drop in platelet numbers and function.

Vitamin K is needed by the liver for the normal production of clotting factors 
II, VII, IX and X. Vitamin K defi ciency will cause a reduction in the levels of these 
factors (which will be refl ected in a prolonged PT). Liver disease does not directly 
cause a vitamin K defi ciency, but vitamin K is a fat-soluble vitamin that needs 
biliary salts for its absorption. Thus cholestasis can cause reduced absorption of 
vitamin K.

Storage of vitamins/iron

The vitamin stored in greatest quantity in the liver is vitamin A (in hepatic stellate 
cells), but large quantities of vitamins D and B12 are normally stored as well. Suf-
fi cient quantities of vitamin A can be stored to prevent defi ciency for as long as 
10 months, vitamin D for 3–4 months, and vitamin B12 for over 1 year. The liver 
is also involved in storage of iron and copper.

Blood cleansing

An important non-metabolic function of the liver is the ‘cleansing’ of blood leaving 
the splanchnic circulation by Kupffer cells. The gut is heavily populated by large 
numbers of a multiplicity of bacteria and there is a potential for bacteria to be 
able to leave the gut and enter the vascular system. Any bacteria in the portal vein 
will pass into the liver and should be phagocytosed by Kupffer cells.

Processing of drugs and other xenobiotics

Xenobiotics are substances that are foreign to the body (e.g. drugs). They are 
potentially toxic and systems have evolved to eliminate them from the body. The 
most obvious is urinary excretion, though some substances are secreted into bile 
by the liver (but many are then reabsorbed from the intestine).

Most elimination takes place via the kidneys. These can effi ciently eliminate 
water-soluble xenobiotics but less so lipophilic xenobiotics. The body fi rst metabo-
lises these to less lipophilic substances that can be more easily eliminated by the 
kidneys. This takes place predominantly in the liver.

Xenobiotic metabolism in the liver involves two kinds of biochemical reaction 
known as phase I and phase II reactions which often take place sequentially. Phase 
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I reactions generally involve a family of enzymes known as the hepatic cytochrome 
P450 system. Phase II reactions involve a chemical reaction in which a large mol-
ecule is added to the drug. Again this makes the drug more water soluble and 
easier to excrete from the body.

Enzymes are often thought of as being specifi c for a single substrate, but P450 
enzymes may metabolise many different drugs. They can be clinically important 
in a number of ways. When multiple drugs are administered concurrently they can 
‘compete’ for metabolism by the same enzyme and inhibit each other’s metabolism. 
An example is cardiac arrythmias, or central nervous system (CNS) seizures, 
caused by an increased theophylline level when it is given with erythromycin. In 
enzyme induction the normal level of an enzyme is increased and drugs metabolised 
by that enzyme are metabolised faster then normal. Enzyme induction can be 
produced by some drugs, foods, alcohol and smoking. The levels of particular 
P450 enzymes can also be affected by genetics, leading to individual and racial 
differences in metabolism of drugs.

The portal vein delivers blood from the gut directly to the liver, enterally ingested 
substances are exposed to the enzymes in the liver before they get to the rest of 
the body. This is refered to as fi rst-pass metabolism. Some drugs are metabolised 
so effi ciently by the liver that little actually gets through to the rest of the body. 
The liver also plays a major role in the elimination of hormones and activated 
clotting factors.

Excocrine function

The liver also has an exocrine function. About 500 mL of bile is secreted each day, 
consisting of water, inorganic electrolytes and organic solutes such as bile salts. 
Bile salts are the sodium and potassium salts of bile acids and have a detergent-like 
effect in the gut lumen, emulsifying dietary fat to aid its digestion. Bile secretion 
is an excretory route for bile pigments, cholesterol, steroids, heavy metals and 
some drugs. Patients who have jaundice due to intra- or extrahepatic obstruction 
of the bile duct usually have raised blood levels of cholesterol and alkaline phos-
phatase. Bile is an alkaline solution containing bicarbonate (secreted by both 
hepatocytes and biliary duct cells) and aids in the neutralisation of acid chyme 
entering the duodenum from the stomach.

Two major primary bile acids are synthesised in the liver from cholesterol at the 
rate of 0.5 g/day (cholic acid and chenodeoxycholic acid). Secondary bile acids are 
produced within the gut by the action of bacteria on primary bile acids. Cholic acid 
is converted to deoxycholic acid and chenodeoxycholic acid to lithocholic acid.

Bile is continuously secreted by hepatocytes into biliary canaliculi. Between 
meals contraction of the sphincter of Oddi causes bile to accumulate in the gall-
bladder where the bile salts are concentrated. The most important trigger for 
relaxation of the sphincter of Oddi and release of bile is return of bile salts to the 
liver from the splanchnic circulation.
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The majority of bile salts (90–95%) are reabsorbed from the small intestine, 
most from the terminal ileum (meaning that a large proportion remains throughout 
the small intestine to promote fat absorption). The remaining bile salts enter the 
colon where more are reabsorbed. Those lost in the stool are replaced by synthesis 
in the liver. The total pool of bile salts (approx 2.5 g) is recycled up to six to eight 
times in a day.

Bilirubin

The bile pigments bilirubin and biliverdin are produced from substances containing 
haem such as haemoglobin. Red blood cells have a life span of around 110 days, 
with aged red cells being destroyed mainly by the reticuloendothelial cells of spleen, 
lymph nodes, bone marrow and liver. The haemoglobin is fi rst metabolised by the 
enzyme heme oxygenase into biliverdin, and then converted to bilirubin. Bilirubin 
is not soluble in water and in the blood it is transported attached to serum albumin 
(this is referred to as unconjugated bilirubin).

In the liver the bilirubin has two glucuronate groups attached (conjugated) to 
it. This conjugated bilirubin is then excreted into the bile canaliculi. Bacteria in 
the gut convert bilirubin to stercobilinogen, which then forms stercobilin. Most 
stercobilin is excreted in the faeces and is responsible for the colour of faeces. Some 
stercobilin is reabsorbed from the gut and can then be re-excreted by either the 
liver or kidneys.

Liver cirrhosis/fi brosis

Liver capacity for regeneration following a single insult is excellent. A hepactec-
tomy may involve the removal of two thirds of the liver, but the remaining hepa-
tocytes can reproliferate to restore the mass of the organ within days to weeks 
(Guangsheng and Steer, 2006). However chronic or repetitive injury results in 
fi brosis, which can develop into cirrhosis (Figure 1.5, Plate 1). Cirrhosis 
represents the end stage of many different liver disorders, such as alcoholism and 
chronic hepatitis. Fibrosis and cirrhosis are part of a continuous disease 
spectrum.

Liver fi brosis is characterised by the production of excess extracellular material 
in the space of Disse and a loss of fenestrations from the sinusoidal endothelial 
cells. This is referred to as capilliarisation. The microvilli of the hepatocytes dis-
appear and overall there is a reduction in the ability to exchange substances 
between the blood and hepatocytes.

HSCs are the key cells in fi brosis. Infl ammatory cells move into injured areas of 
liver and these, together with damaged and regenerating hepatocytes, release 
signalling molecules (cytokines) which ‘activate’ the HSCs. Activated HSCs 
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profi lerate and secrete fi brillar collagens producing an increase in extracellular 
matrix in the space of Disse. Other changes that take place in HSCs when they 
become activated are the loss of the retinoid (vitamin A) droplets and the produc-
tion of smooth muscle actin.

Cirrhosis is characterised by diffuse alteration of the normal liver architecture 
with nodules of regenerating hepatocytes surrounded by fi brous bands. Blood can 
be shunted along ‘bypass’ vessels avoiding hepatocytes, and so do not take part in 
the normal exchange of substances between blood and hepatoctye. There is also 
interruption of biliary channels which can prevent normal drainage of bile pro-
duced by the hepatocytes. Cirrhosis results from necrosis and then nodular regrowth 
of hepatocytes. It is a diffuse problem, not local to any part of the liver, and the 
ultimate pattern of damage is much the same regardless of cause. The Child-Pugh 
score is used to assess the prognosis and appropriate treatment in cirrhosis and is 
demonstrated in Table 1.1.

Figure 1.5 Photograph showing extensive liver cirrhosis. Used with permission from Bernard Port-
mann. For a colour version of this fi gure, please see Plate 1 in the colour plate section.

Table 1.1 The Child-Pugh score. Adapted from Bacon et al. (2006).

Clinical and biochemical assessment criteria

Points scored for increasing abnormality

1 2 3

Encephalopathy (grade) None 1 and 2 3 and 4
Ascites Absent Slight Moderate
Albumin (g/L) >35 28–35 <28
INR <1.7 1.7–2.2 >2.2
Bilirubin (μmol/L) <34 34–50 >50
Bilirubin (for primary biliary cirrhosis) (μmol/L) <69 69–170 >170

Top score Grade A
5–6

Grade B
7–9

Grade C
10–15

Survival in chronic liver disease at 1 year Grade A
84%

Grade B
62%

Grade C
42%
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Table 1.2 Complications associated with liver cirrhosis.

Portal hypertension
 Ascites
 Varices
  Oesophagus
  Stomach
  Rectum (haemorrhoids)
  Abdominal vein distension (caput medusae)
 Splenomegaly
  Anaemia
  Thrombocytopenia
  Leucopenia
 Portopulmonary shunts
  Decreased blood oxygenation

Liver failure
 Deranged clotting
 Thrombocytopenia
 Elevated bilirubin
 Hepatorenal failure
 Hepatic encephalopathy
 Immune system dysfunction
 Hypoalbuminaemia
  Oedema
 Increased skin pigmentation
 Fetor hepaticus
 Decreased hormone metabolism
  Gynaecomastia
  Testicular atrophy
  Loss of body hair
  Spider angiomas
  Palmar erythema
  Menstrual dysfunction
  Increased antidiuretic hormone and aldosterone

Hepatocellular carcinoma

Cirrhosis can be classifi ed as micronodular or macronodular. In micronodular 
cirrhosis the regenerating nodules are less than 3 mm in diameter and the fi brous 
bands separating the nodules are usually thin. In macronodular cirrhosis the 
nodules are over 3 mm in diameter. There is a tendency for nodules to increase in 
size over time, and micronodular cirrhosis can become macronodular. Cirrhosis is 
often classifi ed by its presumed cause, histologically; early stages may show evi-
dence of the cause, but this cannot be determined from the histology later on.

Many health problems are caused by cirrhosis (Table 1.2); some are the result 
of the development of portal hypertension – an increase in the blood pressure in 
the portal vein. The cause of this is complex and not completely understood. The 
disruption of vascular channels caused by alteration of normal liver vascular archi-
tecture predisposes to this pressure increase. Additionally, activated HSCs produce 
smooth muscle actin within the cell and also become sensitive to the powerful 
vasoconstrictor endothelin. Liver injury also results in a reduction in production 
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of the vasodilator nitric oxide which would normally oppose the action of the 
endothelin (Groszmann et al., 2001). This results in the contraction of the HSCs 
which increase sinusoidal resistance and contribute to the development of portal 
hypertension.

Portal hypertension leads to further problems. Portosystemic shunts develop as 
the increased pressure leads to the development of collateral channels between the 
portal vein and systemic veins. One manifestation of this is varices, thin-walled 
varicosities that either form in the oesophagus, stomach or rectum. These are prone 
to rupture which can lead to fatal bleeding (see Chapter 4). Clotting problems 
caused by deranged liver function can make this complication even more diffi cult 
to deal with which is described further in Chapter 4.

Ascites refers to the development of larger than normal quantities of fl uid in the 
peritoneal cavity; patients with severe ascites may have large volumes of fl uid with 
consequent problems such as abdominal discomfort and dyspnoea. The develop-
ment of ascites is still not completely understood, however Chapter 5 examines 
the proposed hypothesis. Hepatic encephalopathy is another manifestation of 
advanced liver disease. Again the pathogenesis is not fully understood, but is 
thought to be related to the inability of the liver to clear toxic substances from the 
blood. This is discussed in more depth in Chapter 6.

Fibrosis and cirrhosis can be asymptomatic; the majority of hepatic functional 
capacity must be lost before hepatic failure ensues. Clinically this is important as 
many patients do not present until after they have severe structural injury to their 
liver. Liver fi brosis and cirrhosis have traditionally been viewed as irreversible; 
however there is evidence now that fi brosis at least is reversible under some condi-
tions (Friedman, 2003). Iredale (2003) looks forward to a future where fi brosis 
and cirrhosis are treatable.

Chapter summary

This chapter has reviewed the more important aspects of liver anatomy and physi-
ology. It has shown how the normal structure of the liver superbly supports its 
physiological functions, and how the development of an abnormal structure in 
cirrhosis is detrimental. An understanding of the functions of the liver will help 
the health care professional appreciate how liver disease can affect people in so 
many different ways, and can improve the quality of care given to people with 
liver disease.
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2Assessment of liver function 
and diagnostic studies

Introduction

This chapter looks at the different ways in which liver function is assessed and the 
various techniques used to diagnose liver disease. A complete medical history, 
complete physical examination, evaluation of liver function tests and further inva-
sive and non-invasive tests are imperative to ensure an accurate diagnosis. Nurses 
in advanced and specialist roles have autonomy with decision making (RCN, 2002; 
McGee and Castledine, 2004), i.e. taking a comprehensive history, making a physi-
cal assessment and the ordering of investigations as a central part of their role. 
The key to making a diagnosis of liver disease is being able to take a comprehensive 
history with emphasis on the risk factors and linking of information gained to the 
ordering of relevant tests and diagnostic studies.

Patient history

A comprehensive history from a patient with liver disease is essential as many 
vague or non-specifi c symptoms may be of considerable signifi cance but may not 
be apparent to the patient, e.g. lethargy, itch and malaise, and can occur in up to 
60% of patients with both acute and chronic liver disease (Howdle, 2006). An 
important aspect of gaining information is to ask the patient directly, questions 
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that may identify risk factors; sometimes these are of a sensitive nature which some 
patients may be guarded against. Patient history needs to be sensitively handled 
to ensure accuracy and highlight the need for further enquiry. Many patients will 
complain of general malaise and fatigue, particularly in primary biliary cirrhosis, 
autoimmune hepatitis and viral hepatitis, which will often have a detrimental effect 
on the patients’ quality of life (Howdle, 2006).

Many patients presenting to their general practitioner (GP) with liver disease 
often have non-specifi c symptoms and are frequently frustrated at the delay in 
making a diagnosis or being referred to a gastroenterologist or hepatologist. Many 
GPs, for example, may not have seen a case of haemochromatosis (Emery and 
Rose, 2001) or primary biliary cirrhosis (PBC).

When gathering information it is important to ask in detail about the following 
predisposing risk factors for liver disease (Howdle, 2006):

� Viral hepatitis – history of any previous intravenous drug use however brief 
or remote (as the hepatitis C virus may have been latent for up to 30 years). 
Any sharing of needles or equipment used to take drugs, their sexual history 
and orientation and known high-risk factors such as haemodialysis

� Alcohol consumption – includes an accurate history of the quantity, strength 
of alcohol, pattern of alcohol consumption and age when drinking started. It 
is important to know if the patient drinks every day, at weekends only, fi rst 
thing in the morning and when they had their last drink. Any previous admis-
sions for alcohol-related reasons, drink–driving offences or a family history of 
alcohol-related liver disease are also signifi cant

� Careful medication history – to identify any prescription, over-the-counter 
medications, herbal or Chinese remedies or recreational drugs, which may 
cause abnormal liver function tests. With an elderly or confused patient, con-
tacting the GP will give a more accurate drug history, as it is not just recent 
medication used that can cause abnormal liver function tests

� Past medical history – previous episodes of jaundice may indicate a chronic 
viral hepatitis and previous blood transfusions/blood products either in the 
UK or abroad may increase the risk of hepatitis B or C. A history of ulcerative 
colitis may indicate primary sclerosing cholangitis (PSC) and previous gall-
stone disease can recur. Also previous biliary surgery may have caused a biliary 
stricture

� Family history – this may signpost a possible cause of liver disease, such as 
hereditary haemochromatosis or Wilson’s disease where family links are 
revealed. A family history of heavy alcohol use or alcohol-related liver disease 
is also linked to a genetic cause and is often the most common familial condi-
tion that patients are aware of due to the impact on the family’s life. Some 
patients with autoimmune disease may have a relative with the same or other 
autoimmune liver disease or a non-liver autoimmune condition such as rheu-
matoid arthritis or thyroid disease. Where a mother has hepatitis B this would 
be relevant to her children, as hepatitis B could have been acquired through 
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perinatal transmission. A family history of diabetes may also be linked to 
non-alcoholic steatohepatitis (NASH), autoimmune hepatitis or genetic 
haemochromatosis

� Occupational history – to exclude causes of liver disease from working with 
industrial chemicals and toxins, or from working with or keeping animals. 
Any recent overseas travel where exposure to hepatitis A or E may have 
occurred is also pertinent

Signs of liver disease

There are many signs of liver disease, which vary according to the severity of the 
disease (Figure 2.1). A general examination of each body system may reveal signs 
of liver disease. Observations may reveal muscle wasting, loss of fat deposits and 
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Physical signs in liver disease

© Elsevier 2006. Bacon, O’Grady, Di Bisceglie and Lake: Comprehensive
Clinical Hepatology, 2nd edition

Figure 2.1 Physical signs in liver disease. Reproduced from Bacon et al. (2006) with permission from 
Elsevier.
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thinning of the skin, which indicate malnutrition and severity of the liver disease. 
There may be jaundice, abdominal swelling and leg oedema, which would indicate 
severe liver disease; obesity may suggest NASH, and excessive spider naevi (Figure 
2.2, Plate 2) may suggest cirrhosis due to alcohol abuse (Howdle, 2006).

Laboratory tests

Biochemical tests are used to detect liver diseases, to direct the diagnostic work-up, 
estimate the severity of liver disease and evaluate therapy (Sherlock and Dooley, 
2002). Liver function tests (Table 2.1) are the fi rst line of diagnosis of liver disease 
but there may be other reasons for any abnormal readings so an abnormality may 
need to be confi rmed by repeating the test (Green and Flamm, 2002). The typical 
liver function tests provide information regarding synthetic function and cellular 
damage, but also about any biliary tree involvement (Stonesifer, 2004).

Tests which refl ect liver hepatic injury

The aminotransferases, alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST), are the most commonly used markers of hepatic injury and are often 
the fi rst clue to practitioners that further investigations are warranted (Johnson, 
1999; Stonesifer, 2004). Imperial and Keeffe (2006) suggest that different degrees 
of elevation are useful as diagnostic clues. For example, patients with cirrhosis 
often have slightly elevated AST or ALT levels, whereas patients with acute 

Figure 2.2 A spider naevus. The central arteriole resembles a spider’s body and the radiating vessels 
the spider’s legs. Reprinted with permission from eMedicine.com, 2007. Available at: http://www.
emedicine.com/derm.topic293.htm. For a colour version of this fi gure, please see Plate 2 in the colour 
plate section.
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Table 2.1 Normal values of common liver function tests and causes of derangement in liver disease. Adapted from Sherlock and Dooley (2002), Stonesifer 
(2004).

Test Normal range Basis of abnormality Associated liver disease

Total bilirubin <17 μmol/L (0.3–1.0 mg/dL) Decreased hepatic clearance Diagnosis of jaundice and assessment of severity
Conjugated (direct bilirubin) <5 μmol/L (0.1–0.3 mg/dL) Gilbert’s syndrome, haemolysis
Alkaline phosphatase 35–115 U/L Overproduction and leakage 

into serum
Modest elevation – many types of liver disease
Marked elevation – cholestasis, hepatic infi ltration, 

alcoholic hepatitis
Aspartate transaminase 

(AST/SGOT)
7–40 U/L Leakage from damaged 

hepatocytes
Early diagnosis of hepatocellular disease; follow 

progress
Alanine aminotransferase 

(ALT/SGPT)
3–30 U/L Leakage from damaged 

hepatocytes
ALT lower than AST in alcohol-induced liver disease

γ-glutamyl transpeptidase 
(GGT)

2–65 U/L Overproduction and leakage 
into serum

Diagnosis of alcohol abuse, marker biliary cholestasis

5’-nucleotidase 0–17 U/L Overproduction and leakage 
into serum

Modest elevation – many types of liver disease
Marked elevation – cholestasis, hepatic infi ltration, 

alcoholic hepatitis
Albumin 35–54 g/L Decreased synthesis Assesses severity of hepatic synthetic function
Prothrombin time (PT) after 

vitamin K
12–16 seconds Decreased synthesis Assesses severity of hepatic function
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ischaemia or hyperacute liver injury, e.g. paracetamol (acetaminophen) hepatox i-
city, have the highest peaks (Johnson, 1999).

Additionally the AST:ALT ratio can be useful for diagnostic purposes. An AST:
ALT ratio of 2:1 can be suggestive of alcohol-related liver disease; this partly stems 
from the depletion of vitamin B6 (Johnson, 1999; Imperial and Keeffe 2006).

� ALT (normal level 3–30 U/L) is an enzyme produced within the cells of the 
liver, and is the most sensitive marker for hepatocyte damage. The level of 
ALT abnormality is increased in conditions where cells of the liver have been 
infl amed or have undergone cell death. As the cells are damaged, ALT leaks 
into the bloodstream leading to a rise in the serum level. Any form of hepato-
cyte damage can result in an elevation in the ALT

� AST (normal level 7–40 U/L). This enzyme also refl ects damage to the hepatic 
cell but is less specifi c for liver disease. AST may be elevated in other condi-
tions such as myocardial infarction. Although AST is not as specifi c for the 
liver as the ALT, ratios between ALT and AST are useful to physicians in 
assessing the aetiology of liver enzyme abnormalities, for example where the 
ALT is lower than AST in alcohol-related liver disease

Tests that demonstrate cholestatic liver disease/injury

The tests that are usually used to defi ne cholestasis are alkaline phosphatase (ALP) 
and gammaglutamyl transpeptidase (GGT), which in cholestasis typically become 
elevated in 90% of patients several days after bile duct obstruction or intrahepatic 
cholestasis (Johnson, 1999; Imperial and Keeffe, 2006):

� ALP (normal level 35–115 U/L) is an enzyme associated with, but not specifi c 
to, the biliary tract, as it is also found in bone and the placenta. Renal or 
intestinal damage can also cause an increase of ALP. If the ALP is elevated, 
biliary tract damage and infl ammation should be considered. However, other 
aetiologies must also be ruled out which can be achieved by requesting iso-
enzymes. A common method to assess the aetiology of the elevated ALP is to 
determine whether the GGT is elevated or whether other liver function tests 
are abnormal (such as bilirubin). Because of its long half-life of 17 days, the 
serum ALP will remain elevated for more than 1 week after relief of biliary 
obstruction (Martin and Friedman, 2004). ALP may be elevated in primary 
biliary cirrhosis, alcoholic hepatitis, PSC and choledocholithiasis

� GGT (normal level 2–65 U/L) is also produced by the bile ducts. However, it 
is not very specifi c to the liver or bile ducts so levels can be increased in other 
diseases such as renal failure, myocardial infarction and pancreatitic disease. 
It can be used to confi rm that the ALP is of hepatic aetiology (Martin and 
Friedman, 2004; Imperial and Keefe, 2006). Medications such as phenytoin 
and alcohol consumption of more than three drinks per day can induce 
increases in GGT. However, as the half-life of GGT is 26 days, its surreptitious 
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use as a marker for alcohol consumption is limited (Martin and Friedman, 
2004)

� 5′-Nucleotidase (normal level 0–17 U/L) is more specifi c for liver injury than 
ALP and GGT, and therefore corresponds more closely with hepatobiliary 
injury (Stonesifer, 2004). It is a useful indictor in diagnosing liver disease in 
children and pregnancy

Tests of synthetic function

� Bilirubin (total bilirubin normal level <17 μmol/L). Bilirubin results from the 
enzymatic breakdown of haemoglobin (haem) released from red blood cells. 
The unconjugated bilirubin is conjugated with glucuronic acid in the hepato-
cyctes to increase its water solubility and this is then excreted into bile (Johnson, 
1999). A more detailed description of the bilirubin metabolism pathway is 
given in Chapter 3. Bilirubin levels >35–50 μmol/L indicate jaundice. Bilirubin 
measurements are usually reported as total bilirubin, which represents both 
the conjugated and unconjugated fractions. Other laboratory measurements 
of bilirubin can be more specifi c, and can establish which fraction of bilirubin 
is raised. This allows the causes hyperbilirubinaemia to be differentiated. 
Direct serum bilirubin corresponds to the levels of conjugated bilirubin and 
indirect represents unconjugated bilirubin (value obtained by subtracting the 
conjugated value from total bilirubin) (Martin and Friedman, 2004). Different 
causes of hyperbilirubinaemia and the management of jaundice are discussed 
in Chapter 3

� Albumin (normal level 35–54 g/L) is one of many proteins synthesised by the 
liver, and accounts for 65% of serum protein (Martin and Friedman, 2004). 
Albumin has a half-life of 21 days and thus serum albumin concentrations are 
slow to change in response to alterations in protein synthesis (Johnson, 1999). 
In chronic liver disease the albumin may be low (hypoalbuminaemia), indicat-
ing a diminished synthetic function of the liver (normal rate 12–15 g/day). 
Such fi ndings suggest a diagnosis of cirrhosis and are an indicator of the sever-
ity of chronic liver disease. Hence the use of albumin as one of the criteria for 
the Childs-Pugh classifi cation used to grade the severity of cirrhosis (see 
Chapter 1). Hypoalbuminaemia is less commonly seen in acute liver failure 
because of the rapid onset of the disease and the long half-life of albumin. 
Measurements of pre-albumin are more sensitive due to the shorter half-life 
of 1.9 days (Imperial and Keeffe, 2006). Caution is required regarding hypo-
albuminaemia as it may not be specifi c to liver disease; it is also seen in mal-
nutrition, acute pancreatitis, and chronic infl ammation or may refl ect 
glomerular or gastrointestinal losses (Martin and Friedman, 2004)

� Prothrombin time (PT) (normal 12–16 seconds), international normalised ratio 
(INR) (normal 0.9–1.21). All blood clotting factors except factor VIII (which 
is produced by the endothelial cells) are synthesised within the hepatocytes. 
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The PT, however, does not become abnormal until more than 80% of the 
liver’s synthetic capacity is lost (Johnson, 1999), and consequently may be 
normal in patients with cirrhosis. PT can be infl uenced by malabsorption, 
because factors ll, Vll and X are dependent on vitamin K. Therefore this may 
prohibit the PT from being a sensitive marker for patients with chronic liver 
disease (Imperial and Keefe, 2006). The elevation in PT due to vitamin K 
defi ciency can be tested by the administration of vitamin K (10 mg) for 3 days. 
A PT that either improves by 30% or normalises within 24 hours, is indicative 
of normal hepatic function (Stonesifer, 2004). The PT is most useful for 
patients with alcoholic hepatitis or acute liver failure (ALF), and fulfi ls part 
of the prognostic criteria for ALF patients necessitating super-urgent liver 
transplantation (see Chapter 13). In the UK the international normalised ratio 
(INR) is used more frequently to assess hepatic function in ALF because of its 
standardised values; in France, factor V is more commonly used. As with an 
elevated INR, a factor V value of less than 20% of normal is indicative of 
poor outcome in the absence of liver transplantation (Gopal and Rosen, 
2000)

� Ammonia (normal level 8.8–26.4 μmol/L). Hyperammonaemia is commonly 
seen in patients with liver disease due to poor hepatic function. In patients 
with chronic liver disease it has been acknowledged that the level of ammonia 
does not necessary correlate with the level of hepatic encephalopathy. This is 
due to the ammonia concentrations being much higher in the brain than in 
the blood (Johnson, 1999). In patients with ALF, the study of ammonia levels 
has become increasingly important due to the association of hyperammonae-
mia (>88 μmol/L) with cerebral oedema and cerebral herniation (Clemmesen 
et al., 1999). Arterial samples are considered more accurate, as in venous 
samples the concentration of ammonia can be higher as a result of muscle 
metabolism of amino acids (Johnson, 1999)

Other laboratory tests used in liver disease

Immunoglobulins are synthesised by lymphocytes and are not a direct marker of 
liver function. However, elevation can be seen in patients with chronic liver disease 
which is possibly caused by impaired Kupffer cell function. Martin and Friedman 
(2004) suggest the pattern of elevation may suggest the aetiology of the underlying 
liver disease:

� Elevated IgG – autoimmune hepatitis
� Elevated IgM – primary biliary cirrhosis
� IgA – alcoholic liver disease

Tests more specifi c to individual diseases such as viral hepatitis markers, caeru-
loplasmin (Wilson’s disease), ferritin (hereditary haemochromatosis), alpha-1 
antitrypsin (alpha-1-antitrypsin defi ciency) and tumour markers, such as alpha-
fetoprotein, are discussed within the relevant chapters.
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Diagnostic studies

Liver biopsy

A needle biopsy of the liver was fi rst performed by Paul Ehrlich in 1883 (Sherlock 
and Dooley, 2002). Since then it has become a key tool in confi rming diagnosis 
suspected from abnormal blood tests, and is often considered the gold standard 
for the evaluation of liver disease.

A liver biopsy is where a small piece of liver tissue is removed and examined 
under a microscope to make a diagnosis, assess the amount of cellular damage, 
and to look for improvement after initiation of treatment, e.g. treating graft rejec-
tion in a post liver transplant patient. Liver biopsies can be accomplished through 
several different routes: percutaneous (blind or guided by ultrasound, computed 
tomography (CT) or magnetic resonance imaging (MRI)), transjugular and opera-
tive/laparoscopic, all of which are discussed below.

The indications for liver biopsy are varied (Table 2.2) and may change as new 
technologies which are not as invasive are developed, such as fi broscans. To reduce 
sampling error the amount of tissue required is usually 1–4 cm long and needs to 
include the four portal zones in order to make a histological diagnosis. Blood tests 
required before a liver biopsy are PT, INR and platelets usually within the week 
prior to performing the biopsy. Blood should be grouped and saved with the facil-
ity of compatible blood being available. Informed consent and a patient informa-
tion sheet are essential for patients undergoing liver biopsy (BSG, 2004). Whether 
a patient should have an ultrasound scan before the biopsy to rule out any ana-
tomical abnormalities and for patients whom the liver disease cannot be identifi ed, 
remains an issue for debate (BSG, 2004). Pharmacological therapies, e.g. aspirin 
and non-steroidal anti-infl ammatory drugs (NSAIDs), need to be discontinued a 
few days prior to the procedure.

Table 2.2 Indications for a liver biopsy. Adapted from British Society of Gastroenterology (2004) 
Guidelines on the Use of Liver Biopsy in Clinical Practice.

Chronic viral hepatitis – hepatitis B and hepatitis C
Raised serum ferritin
Suspected disorders of copper metabolism
Advanced disease in primary biliary cirrhosis (PBC) to stage the disease progression
Small duct primary sclerosing cholangitis (PSC)
Alcohol-related disease
Autoimmune hepatitis
Non-alcoholic liver disease (NAFLD)
Focal liver lesions
Infections and pyrexia of unknown origin
Following liver transplant
Occasionally for research purposes
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A guide to contraindications of liver biopsy is shown in Table 2.3. However, 
many of these risk factors were established in the early days of liver biopsy before 
the advent of the Menghini technique, and the use of ultrasound and transvenous 
routes.

Percutaneous liver biopsy

A percutaneous liver biopsy may be performed in one of three different ways. It 
may be blind, guided (ultrasound/CT/MRI) or where the biopsy track is plugged 
afterwards.

The most common approach to liver biopsy is for the patient to lie supine; the 
edges of the liver are usually defi ned by percussion or by the use of ultrasound. 
After cleansing the skin, the biopsy site is then injected with local anaesthetic to 
minimise pain. This is done in the superfi cial and deep planes (Zaman et al., 2006). 
A small incision is made in the skin, to introduce the biopsy needle. The patient 
will need to hold their breath with the biopsy taken on expiration. The procedure 
for taking the biopsy is primarily dependent on the needle type (Grant and 

Table 2.3 Contraindications to liver biopsy. Adapted from BSG (2004) Guidelines on the Use of Liver 
Biopsy in Clinical Practice.

Contraindications to 
liver biopsy Incidence and rationale

Uncooperative patient Patients need to remain still and hold their breath when biopsy needle 
inserted. Sudden movement may cause a tear in the liver. Consider 
sedation with midazolam

Extrahepatic biliary 
obstruction

In one study serious biliary complications were 2% and signifi cant 
complications 4%. Should only be considered if doubt about diagnosis 
and benefi t to patient outweighs the risk

Bacterial cholangitis A relative contraindication due to the increased risk of inducing peritonitis 
and sepsis

Abnormal coagulation 
indices

If prothrombin time is prolonged by 4 seconds or more (or INR >1.4) despite 
vitamin K then other investigations should be considered

Platelet count may have different threshold in different centres but a general 
rule would be above 80 × 109/L (80 000/mm3) for a percutaneous biopsy

Ascites Will make it diffi cult to obtain a biopsy sample due to the distance between 
the abdominal wall and liver percutaneously. However transjugular liver 
biopsy would not be contraindicated or the patient could have a total 
paracentesis prior to biopsy

Malignancy There is a six to ten times higher incidence of bleeding so these patients 
should not be biopsied as outpatients

Obesity May make it more diffi cult to identify the liver and should be considered for 
ultrasound-guided or transjugular biopsy

Cystic lesions Modern imaging can more easily identify these so making liver biopsy 
unnecessary

Amyloidosis High risk of bleeding and death after liver biopsy
Sickle cell disease There is a higher risk of bleeding using the percutaneous route so 

transjugular route is used
Valvular heart disease Prophylactic antibiotics should be used to minimise the risks of sepsis
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Neuberger, 1999). The two types of biopsy needles most commonly used are 
Menghini and Tru-cut.

During the procedure patients may complain of a drawing feeling across the 
epigastrium, for the fi rst 24 hours post procedure patients may have a slight right-
sided ache, or a referred pain from the diaphgragm to the right shoulder (Sherlock 
and Dooley, 2002). Many clinicians ask patients to lie on their right side following 
liver biopsy for at least 2 hours; however there is no evidence for this practice 
(Hyun and Beutal, 2005).

Observation for a percutaneous liver biopsy is usually quarter-hourly pulse and 
blood pressure (BP) for 2 hours, then half-hourly pulse and BP for 2 hours, then 
hourly pulse and BP for 2 hours. Six hours of observation, vital sign recording and 
bed rest is the minimal duration of care. Patients can usually be discharged the 
same day. This is primarily due to the fact that most complications are seen within 
the fi rst 3 hours post procedure. Complications post biopsies are rare but poten-
tially fatal and include pain, bleeding into the peritoneum, haemobilia and sepsis 
(Stonesifer, 2004).

Transvenous (transjugular) liver biopsy

Sherlock and Dooley (2002) propose the following indications for transjugular 
liver biopsy:

� Coagulation defects
� Pretransplant ALF
� Massive ascites
� Small liver
� Measurement of wedged hepatic venous pressure
� Uncooperative patients
� Also following any liver transplant whilst still an inpatient

The biopsy is performed in a vascular laboratory with video-fl uoroscopy equip-
ment and cardiac monitoring due to the risk of cardiac arrhythmias as the catheter 
passes through the right atrium (BSG, 2004). After cannulation of the internal 
jugular vein, a sheath is inserted into the right atrium and passed to the right vena 
cava. A catheter containing a biopsy needle is then advanced into the hepatic vein 
where, after checking the position by the injection of contrast medium, the needle 
is advanced and the biopsy taken (Grant and Neuberger, 1999). If the transjugular 
route is not possible, then a transfemoral route may be used.

Laproscopic liver biopsy

This is performed under direct vision and is suitable for patients with a degree of 
abnormal clotting, as direct haemostasis can be applied should there be any bleed-
ing. It is often used when transjugular liver biopsy is not available and in patients 
where it is important to have a histological diagnosis in order to make further 
management plans, for instance in a patient with a focal lesion. Likewise a liver 
biopsy can be obtained during surgery if liver disease or tumour is suspected. 
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Complications in laproscopic liver biopsy include those of the laparotomy itself 
(BSG, 2004).

Ultrasonic transient elastography (Fibroscan®)

Due to the non-invasive technique, fi broscans are being more commonly used as 
an alternative to liver biopsy for the staging of liver fi brosis (Figure 2.3). The 
ultrasonic transient elastography technique is based on the assessment of tissue 
elasticity. A probe is placed perpendicularly against the skin between the liver and 
then triggered; the rate of sheer progression is measured by ultrasound. The speed 
of travel correlates with the degree of liver fi brosis. After ten readings, results are 
expressed in Kpa.

Imaging

Imaging of the liver and surrounding organs is paramount when diagnosing liver 
disease and increasingly sophisticated interventional radiology plays an important 

Figure 2.3 Fibroscan. Reproduced with permission from Echosens.
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role in the diagnosis and sometimes treatment of liver disease. This section will 
look at the different imaging techniques available, and discuss both their applica-
tions and limitations.

Radiography

Plain radiography has a limited role in the investigation of liver disease 
(Beckingham and Ryder, 2001). However, a plain radiograph of the abdomen may 
show:

� Gallstones – 10% may have enough calcium to be seen
� Air in the biliary tree owing to recent invasive therapy, surgery or a fi stula 

between the intestine and the gallbladder
� Pancreatic calcifi cation
� Calcifi cation of the gallbladder (rare)

Ultrasonography

An ultrasound scan is the initial imaging study of choice in liver disease, as it is 
quick, easy to use, readily available, cost effective, done in real time and is non-
invasive. An ultrasound scan involves the analysis of the refl ected ultrasound beam 
detected by a probe which is moved across the abdomen and can detect masses as 
small as 1 cm (Martin and Friedman, 2004). The normal liver appears as a rela-
tively homogeneous structure and ultrasonography allows the gallbladder, common 
bile duct, pancreas, portal vein and other structures in the liver to be visualised. 
A disadvantage to ultrasonography is that there can be numerous artefacts when 
visualising the abdomen so an experienced operator is essential. Restrictions of 
sound wave penetration through certain tissues, such as bowel gas, bone and fatty 
tissues, can impair views.

Doppler ultrasound scans demonstrate the blood fl ow direction and velocity, 
and therefore are used to assess the patency of the hepatic artery and portal veins 
(Martin and Friedman, 2004).

Computed tomography

CT was fi rst introduced in 1998 and works by rotating an ionising radiation source 
around the patient and reconstructing the images based on the attenuating differ-
ences of X-ray beams (Bieneman and Bisceglie, 2006). The liver is displayed as a 
series of adjacent cross-sectional slices, and typically 10–12 images are required 
to examine the whole liver. In addition to detecting masses, CT can imply the 
presence of cirrhosis, portal hypertension, as well as changes commonly seen in 
patients with haemochromatosis or fatty liver disease.

Contrast can be given to increase the anatomical defi nition. For patients with 
hepatocellular carcinomas (HCC) lipiodol is used instead of contrast, as this is 
taken up and retained by the HCC allowing the detection of neoplastic lesions of 
less than 5 mm (Sherlock and Dooley, 2002; Martin and Friedman, 2004).
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Spiral or helical CT is a more recent modifi cation, and provides faster imaging 
at the peak of contrast. Further advances include multidetector CT, which allows 
imaging from a single breath hold and three-dimensional constructions of the liver 
vasculature and biliary tree (Martin and Friedman, 2004).

CT portography is a process where intravenous contrast is injected into the 
superior mesenteric artery; this increases sensitivity in the detection of hepatic 
lesions. It is estimated that CT portography can detect 75% of HCCs of less than 
2 cm, and 88% of primary or secondary lesions. However as this is an invasive 
procedure it is generally reserved for patients who are candidates for hepatic resec-
tion (Sherlock and Dooley, 2002).

The disadvantages of CT are the cost, the lack of portability, renal dysfunction 
secondary to the contrast in patients with cirrhosis and the patient’s exposure to 
radiation.

Magnetic resonance imaging

An MRI scan places the patient in a magnetic fi eld which applies radiofrequency 
waves to produce cross-sectional images; it is dependent on the magnetic properties 
of protons present in various parts of the body, which are then translated into 
images (Martin and Friedman, 2004). The detection of hepatic lesions is compa-
rable to CT, and MRI is deemed an excellent technique for evaluation of hepatic 
blood fl ow and hepatic iron overload. The advantage of MRI is that it requires 
no contrast to visualise blood vessel or bile ducts (Sherlock and Dooley, 2002). 
The disadvantages are primarily cost, non-portability and the exclusion for patients 
with pacemakers or metallic devices (Martin and Friedman, 2004).

Hepatic angiography

This is used less often than in the past in hepatology practice but still has a role 
to play in visualising the blood supply of tumours and to pinpoint bleeding sites 
where they can be embolised with coils.

Endoscopic investigations are discussed in Chapter 4 and in the individual chapters 
in relation to specifi c liver diseases and diagnostic fi ndings.

Complications and considerations

In investigation of liver disease many of the investigations require a sample of 
blood or imaging and have few complications. The more invasive tests such as 
liver biopsy have been discussed. One of the main nursing considerations with a 
patient undergoing investigation is patient anxiety. Often the patient has been 
feeling unwell for some time and may have been referred from a GP to a local 
district general hospital or specialist centre without a diagnosis and then may be 
diagnosed with a rare liver disease such as primary biliary cirrhosis or autoimmune 
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hepatitis. Consequently support and information about investigations are impor-
tant to help to make the patient’s journey an informed one.

Chapter summary

The chapter has reviewed the assessment of liver function and the more common 
diagnostic studies used to diagnose, monitor and treat patients with liver disease. 
It introduced the key investigations and laboratory tests that will be explored 
further in other chapters when discussing individual liver diseases and their com-
plications. The case study illustrates the investigative pathway of the patient to a 
diagnosis and the importance of investigating persistently raised liver function 
tests.

Illustrative case study

The patient is a 54-year-old married man with two teenage sons, who works as a 
senior civil servant. He noticed that he was becoming increasing tired with a loss 
of concentration. He had no previous medical history and was fi t and well, he 
travelled abroad three times a year for holidays and enjoyed sport as well as about 
14 units of alcohol a week. He thought his grandmother had died of liver cancer 
but there was no other history of liver disease in the family.

The GP’s routine examination and blood tests revealed he had raised blood 
glucose; he commenced treatment for type 2 diabetes with oral hypoglycaemics. 
His liver function tests were not checked at this point and over the next 6 months 
his blood glucose remained high and poorly controlled, he also remained tired. His 
GP rechecked his bloods and found mildly abnormal liver function tests but did 
not refer him for further investigation, and instead elected to repeat the liver func-
tion tests in 3 months with the patient abstaining from alcohol. After they remained 
elevated the patient was referred to a hepatologist who found mildly elevated bili-
rubin 23 μmol/L, AST 66 U/L, ALT 134 U/L, GGT 86 U/L. His full blood count 
was normal apart from a low platelet count of 133 × 109/L, serum ferritin was 
4400 μg/L (normal range 40–340 μg/L) and a transferrin saturation 105% (normal 
range 20–40%); his glucose remained high despite optimal oral medication.

A percutaneous liver biopsy showed cirrhosis with mild infl ammatory activity 
and marked siderosis in keeping with haemochromatosis. Eighteen months later 
with weekly venesection and no alcohol his ferritin was now 222 μg/L with a 
transferrin saturation of 78.2%. He had normal liver function tests and his blood 
sugar was within normal limits and he has been able to reduce his oral hypogly-
caemic medication. Both his sons and siblings have been genetically tested for the 
gene for haemochromatosis. One of his sons carries the gene for it and now has 
regular screening of his ferritin and liver function tests in order prevent any future 
damage to his major organs.
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3Jaundice

Introduction

This chapter will discuss jaundice and consider the implications of both medical 
and nursing management. It will additionally review the pathophysiology of the 
formation of bilirubin from haem through conjugation and the enterohepatic cir-
culation after excretion in bile. Investigations, physical examination and history 
taking will be discussed. Specifi c diseases will also be reviewed, including gall-
bladder disease, intrahepatic cholestasis of pregnancy and how drugs can cause 
jaundice.

Jaundice is one of the commonest presentations in patients with liver and biliary 
disease. It occurs when there is a raised level of bilirubin in the body, pigmenting 
the skin, sclera and mucous membranes (Figure 3.1, Plate 3). Raised bilirubin levels 
are known as hyperbilirubinaemia, where levels rise above 30 μmol/L; the higher 
the level of bilirubin, the deeper the jaundice. Visible jaundice is not usually 
detected until the bilirubin level exceeds 50 μmol/L (Lidofsky, 2006). Jaundice can 
be confi rmed by a number of simple investigations including patient history, physi-
cal examination and biochemical screening; however determining the cause of the 
jaundice may require further investigation.

Classifi cation of jaundice

There is no clear consensus on a defi nitive classifi cation for jaundice. Some litera-
ture suggests three categories of jaundice: prehepatic, hepatic and posthepatic 
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(Beckingham and Ryder, 2001); other literature uses different terminology, e.g. 
cholestatic instead of posthepatic (Sherlock and Dooley, 2002). Cholestasis refers 
to ‘static bile’ and in terms of classifi cation of jaundice should not be confused 
with cholestatic liver disease which includes primary biliary cirrhosis. Other ter-
minology suggested is that jaundice results either from an increase in bilirubin 
production or a decrease in the hepatobiliary elimination of bilirubin. This second 
category is subdivided into isolated disorders of bilirubin metabolism, liver diseases 
and obstruction of the bile ducts (Lidofsky, 2006).

Prehepatic

Prehepatic jaundice occurs due to an increase in bilirubin production. There are 
several causes, including: increased haemolysis, for example spherocytosis, homo-
zygous sickle cell disease or thalassaemia major (Beckingham and Ryder, 2001); 
ineffective erythropoiesis; reabsorption of a haematoma; and massive blood trans-
fusion (transfused erythrocytes have a shortened life-span) (Lidofsky, 2006). These 
causes lead to the production of excessive amounts of unconjugated bilirubin, 
which is produced faster than the liver can conjugate it. Bilirubin levels will be 
raised but serum transaminases and alkaline phosphatase remain normal (Sherlock 
and Dooley, 2002).

Figure 3.1 The jaundiced patient. For a colour version of this fi gure, please see Plate 3 in the colour 
plate section.
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Hepatic

This is due to failure of the hepatocytes to effectively excrete conjugated bilirubin 
into the bile canaliculi. Serum transaminases also tend to be raised due to the 
underlying disease process (Sherlock and Dooley, 2002). The most common hepatic 
causes are viral hepatitis, alcohol-related liver disease, primary biliary cirrhosis, 
drug-induced jaundice and alcoholic hepatitis (Beckingham and Ryder, 2001).

Posthepatic or cholestatic

This is often due to biliary obstruction where bile does not reach the duodenum 
in suffi cient amounts. The most common obstruction of the biliary tree occurs due 
to gallstones or choldocholithiasis, other causes can be attributed to biliary stric-
tures, trauma, infl ammatory processes, malignancy and extrinsic compression such 
as carcinoma of the pancreas.

Bilirubin formation

To be able to understand jaundice, it is necessary to understand the metabolism 
of haem and formation of bilirubin. Bilirubin is the end-product of haem degrad-
ation. Haem undergoes a number of complex chemical reactions where it is 
converted to bilirubin. The majority of haem is derived from the breakdown of 
old red blood cells (80–85%) and a small proportion comes from other haem-
containing proteins such as cytochrome P450 (Figure 3.2).

The fi rst chemical process involves the release of iron and carbon monoxide 
from the haem molecule due to the action of haem oxygenase; this takes place in 
the macrophages of the spleen, liver and bone marrow for haem that is derived 
from red blood cell haemoglobin. The resulting iron portion is sent for recycling 
and carbon monoxide is carried as carboxyhaemoglobin and excreted via the 
lungs. Biliverdin is created by this enzymatic process.

Biliverdin is then converted to bilirubin by the cytosolic enzyme, biliverdin 
reductase. The bilirubin created at this point is unconjugated bilirubin. Unconju-
gated bilirubin has a chemical structure of a tetrapyrole and, due to the internal 
hydrogen bonds, it is highly water insoluble.

Due to this water insolubility, unconjugated bilirubin binds to albumin and cir-
culates in the plasma. The unconjugated bilirubin is then taken up by the hepato-
cytes that line the sinusoids. Unconjugated bilirubin is released from the albumin 
molecule and transported across the hepatocyte membrane into the cell. This is 
thought to occur with the help of organic anion transporting polypeptide (OATP). 
The unconjugated bilirubin is then picked up by ligandins and fatty acid binding 
proteins which transport it across the cytosol into the endoplasmic reticulum 
within the hepatocyte for conjugation to take place. Ligandin is a soluble hepatic 
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protein that binds to bilirubin and other organic anions and is important in the 
uptake, retention and fl ux of bilirubin from the plasma into the liver (Litwack 
et al., 1971; Listowsky et al., 1978).

The hepatocyctes then convert the unconjugated bilirubin, which is highly water 
insoluble, into conjugated bilirubin, which is water soluble. The microsomal 
enzyme uridine diphosphate glucuronosyl transferase (UGT) is responsible for this 
process of changing the bilirubin to a water-soluble form. Conjugated bilirubin is 
then converted into two forms: monoglucuronide bilirubin and diglucuronide bili-
rubin. Diglucuronide bilirubin accounts for 80% and monoglucuronide bilirubin 
20%. Changes in this balance can occur; for example, if there is a large amount 
of haemolysis, the amount of monoglucuronide bilirubin will increase (Sherlock 
and Dooley, 2002).
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Figure 3.2 Bilirubin pathway. Reproduced with permission from Beckingham IJ and Ryder S (2001) 
British Medical Journal 322:33–36.
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The conjugation of the bilirubin to a water-soluble form allows the excretion 
of the bilirubin out of the hepatocytes into the bile canaliculi where it forms bile 
with a number of other substances. Bile formation is an osmotic process; there is 
active secretion of solutes followed by water through osmotic attraction (Oude 
Elferink, 2003). Bile formation is considerable, with adults producing 400–800 mL 
of bile per day.

Bile is a greenish bitter-tasting fl uid that contains bilirubin, bile salts, cholesterol, 
phospholipids, electrolytes and water. Bile passes down the small bile canaliculi 
into the larger hepatic ducts which form at the porta hepaticus as the common 
bile duct. The gallbladder is the storage device for bile where it is concentrated 
and stored until required as part of the digestive process. Bile can bypass the gall-
bladder and pass straight down the common bile duct and into the intestine via 
the sphincter of Oddi. The common bile duct sits in close proximity to the pan-
creatic duct which is also encircled by the sphincter of Oddi.

Bile functions

Bile has two important functions, one is to facilitate the excretion of bilirubin as 
described and the other is important in digestion and absorption of fats by the 
body. Bile itself contains no enzymes; it does, however, contain bile salts, these 
are important in assisting the action of lipases on fats in the duodenum and small 
intestine. These are derivates of cholesterol and are made in the hepatocytes. Cho-
lesterol is synthesised into cholic acid and chenocholic acid, which are known as 
bile acids; these are conjugated with glycine or taurine and then secreted. At this 
point of conjugation they are termed bile salts, due to the change in ionic form 
(Kullak-Ublick et al., 2004). Bile salts are transported out of the hepatocytes by 
the bile salt export pump (BSEP). The bile salts help to emulsify fats due to their 
composition; one side of the molecule is lipophilic (fat attracting) and the other 
side is hydrophilic (water attracting). They can therefore emulsify fat by breaking 
the fat down into minute droplets. This increases the surface area and makes it 
easier for digestion by lipases. The emulsifi cation of fats is important in releasing 
the fat-soluble vitamins A, D, E and K, all of which have important roles within 
the body. Ninety percent of bile salts are reabsorbed in the ileum and returned to 
the liver to be recycled and utilised again; this can be up to six to ten times daily 
(Jansen and Sturm, 2003).

Once bilirubin enters the bowel as part of bile it undergoes further changes due 
to bacterial action within the intestine. Bacterial β-glucuronidase deconjugates the 
bilirubin in the terminal ileum and colon. This converts bilirubin into urobilinogen. 
Some of this urobilinogen is reabsorbed by the small intestine and is taken back 
to the liver via the hepatic portal vein. It is mostly excreted into the bile, whilst 
some of it leaves by the systemic circulation and is excreted via the kidney. The 
urobilinogens that are not reabsorbed are called stercobilinogens; they remain in 
the bowel and are then converted to stercobilin, which gives faeces their brown 
colouration.
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Diseases of bilirubin metabolism

Diseases of bilirubin metabolism are generally associated with a disruption in the 
bilirubin pathway usually due to a genetic defect. Many diseases come to light 
during infancy with the signs and symptoms of chronic liver disease and with 
treatment many patients survive into adulthood. Some diseases such as progressive 
familial intrahepatic cholestasis (PFIC), an autosomal recessive disorder, may 
require liver transplantation in childhood (Jansen and Sturm, 2003). High levels 
of bilirubin are known to be toxic to other cells in the body.

Diseases such as Gilbert’s syndrome, Crigler–Najjar syndrome and Dubin-
Johnson syndrome produce hyperbilirubinaemia either in unconjugated or con-
jugated forms and are known as familial non-haemolytic hyperbilirubinaemia 
diseases.

Gilbert’s syndrome rarely manifests itself unless it is found during biochemical 
screening or the individual is suffering from an illness that induces a fasting state, 
e.g. nausea and vomiting. The condition is benign and is believed to be present in 
up to 10% of the Caucasian population; it is usually detected during or after 
adolescence (Lidofsky, 2006). There is a partial defi ciency in hepatic bilirubin 
glucuronidation (Sherlock and Dooley, 2002), which means higher levels of uncon-
jugated bilirubin are detected particularly when unwell; the levels do not usually 
exceed 68 μmol/L (Lidofsky, 2006). No treatment is necessary; however patients 
with this condition require education and reassurance regarding their disease.

Crigler–Najjar syndrome types I and II are also related to unconjugated hyper-
bilirubinaemia. In type I large amounts of unconjugated bilirubin, in excess of 
340 μmol/L, affect the infant in the neonatal period as the bilirubin crosses the 
blood–brain barrier and enters the basal ganglia leading to kernicterus (Lidofsky, 
2006). This is due to the infant lacking the enzymes required for conjugation of 
bilirubin. Many die or suffer irreversible brain damage although liver transplanta-
tion may be an option.

Patients with Crigler–Najjar syndrome type II also have unconjugated hyperbili-
rubinaemia at lower levels which can be controlled by using phenobarbital and 
phototherapy. Patients may spend up to 16 hours a day under phototherapy to 
keep the bilirubin levels from becoming harmful.

Dubin-Johnson syndrome relates to conjugated hyperbilirubinaemia which does 
not impair liver function but does lead to jaundice. It is a relatively uncommon 
condition although a high incidence has been reported in Iranian Jews (Sherlock 
and Dooley, 2002). Liver biopsy in these patients reveals a greenish black coloura-
tion of the parenchyma.

Physical examination and history taking

Patients with jaundice may exhibit very obvious signs in terms of skin and sclera 
discolouration, however it is important to consider other indicators, which include 
pale stools and dark urine. The skin should also be observed for scratch marks, 
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excoriation, bruising and bleeding. The level of pruritis (from Latin prurine 
meaning to itch), and distribution of itch should be documented and how it affects 
the patient’s quality of life. Other manifestations of liver disease can be found in 
jaundiced patients as shown in Table 3.1.

There is a close affi liation between jaundice and pruritus. It is well documented 
that pruritus not only interferes with everyday life but also can cause deterioration 
in the individual’s quality of life, sleep deprivation and in some cases suicidal ide-
ation due to the relentless itching (Jones and Bergasa, 1996; Mela et al., 2003). 
Pruritus is intrinsically subjective in nature due to the individual’s perception of 
the itch. Therefore it cannot be objectively quantifi ed or evaluated (Mela et al., 
2003); however the main treatment aim is to relieve the pruritus. Further dis-
cussion of treatment and care considerations regarding pruritus can be found in 
Chapter 11.

Anorexia is particularly pronounced in jaundiced patients. Nausea and vomiting 
are common with gallstones and vomiting is particularly associated with obstruc-
tive biliary disease (Howdle, 2006).

Investigations

A number of different investigations can be used to assess jaundice, its severity 
and cause.

Laboratory

Blood tests are the simplest and cheapest in establishing a baseline for further 
investigation:

� Serum bilirubin indicates the depth and severity of jaundice. A raised serum 
bilirubin can indicate increased production, reduced hepatic uptake and/or 
conjugation of bilirubin, or decreased biliary excretion. The normal range for 

Table 3.1 Physical signs in hepatic jaundice. Adapted from Travis et al. (2005).

Acute Chronic Either

Well nourished 
Tender hepatomegaly

Leuconychia/telangiectasia
Loss of muscle bulk 
Splenomegaly 
Ascites 
Peripheral oedema
Loss of axillary/pubic hair
Testicular atrophy 
Small or large liver

Palmar erythema
Bruising 
Splenomegaly
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bilirubin is 5–17 μmol/L (Sherlock and Dooley, 2002). Bilirubin can also be 
calculated in its conjugated and unconjugated fractions; this is known as a 
split bilirubin and can be a useful test in paediatric patients and adults with 
a disease of bilirubin metabolism

� Serum alkaline phosphatase (normal range 35–115 U/L) can be a useful indica-
tor in relation to biliary tract involvement. Alkaline phosphatase is increasingly 
synthesised by the hepatocytes when there is biliary damage. An increase in 
bile acid concentrations may promote this synthesis (Friedman and Keeffe, 
2004). Serum alkaline phosphatase has a half-life of 17 days; therefore levels 
may remain raised up to 1 week post resolution of a biliary obstruction

� Serum bile acids are a less frequently undertaken blood test. Bile acids are 
synthesised from cholesterol in the liver, where they are conjugated with 
glycine or taurine and then excreted into the bile. Elevated bile acids can be 
a sensitive marker of hepatobiliary dysfunction and are useful in intrahepatic 
cholestasis of pregnancy as levels greater than 40 μmol/L are associated with 
a higher risk of fetal complications (Friedman and Keeffe, 2004)

� Prothrombin time (PT) or international normalised ratio (INR) is an important 
aspect to consider in relation to the jaundiced patient, particularly jaundice 
arising from a biliary obstruction. PT is a vitamin K dependent test. Vitamin 
K is a fat-soluble vitamin that requires bile to emulsify fat within the intestine 
to release it for absorption. Patients with biliary involvement tend to have a 
deranged PT due to the lack of vitamin K provided from a nutritional 
source

Radiological and endoscopic investigations

� Ultrasonography is particularly useful in evaluation of the extrahepatic biliary 
tree and also revealing intrahepatic dilatation of the biliary tree. Gallstones 
may also be visualised, however stones sitting in the common bile duct are 
more diffi cult to see (Lidofsky, 2006)

� Computed tomography (CT) can be utilised particularly with intravenous 
contrast. This investigation is useful in obese patients and where the biliary 
tree is obscured by gas (Lidofsky, 2006)

� Endoscopic ultrasonography (EUS) (Figure 3.3) is a technique where an ultra-
sonography probe is fi tted to the endoscope which is then held against the 
wall of the stomach or oesophagus to visualise the liver and biliary tree due 
to their close proximity. Results suggest that EUS is comparable with magnetic 
resonance cholangiopancreatography (MRCP) in the diagnosis of biliary stones 
or strictures (Lidofsky, 2006)

� Endoscopic retrograde cholangiopancreatography (ERCP) allows direct visu-
alisation of the biliary tree. ERCP is highly accurate in the diagnosis of biliary 
obstruction and allows the physician to undertake biopsies and brushings for 
cytology. Biliary stents can be introduced to help relieve the obstruction and 
sphincteromy may allow the extraction of gallstones
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� Percutaneous transhepatic cholangiography (PTC) is an invasive investigation 
that allows the visualisation of the biliary tree using radio-opaque contrast. A 
needle is advanced through the skin and penetrates the hepatic parenchyma; 
cannulation of a bile duct is then sought. Another important feature of the 
investigation is the ability to place an internal stent or external biliary drain. 
External biliary drainage can be a useful adjunct to decompressing the bilary 
system, though it does leave the patient at greater risk of infection by having 
the drain in place. A PTC is technically more diffi cult if the intrahepatic bile 
ducts are not dilated (Lidofsky, 2006)

� MRCP is a newer diagnostic test which images the biliary system. It has the 
benefi ts of being non-invasive and not requiring contrast medium, however 
cost and availability are precluding factors. Vaishali et al. (2004) found 
that MRCP was highly diagnostically accurate in patients with obstructive 
jaundice

All of the above investigations can assist the health care professional in their 
assessment of the severity and cause of jaundice. This will then guide further 
therapeutic options. Jaundice caused by biliary tree obstruction may be resolved 
by interventions such as ERCP or PTC, however if the cause of the jaundice is due 
to hepatocellular failure then treatment of the underlying disease process may 
ameroliate symptoms.

Figure 3.3 Gallstones (arrows) found on endoscopic ultrasonography.
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Malabsorption

When bile does not fl ow adequately then there is a risk of malabsorption of fats 
which manifests itself as steatorrhoea. In addition fat-soluble vitamins are not 
absorbed leading to potential problems with neurological and visual impairment 
(vitamins A and E), bone density (vitamin D) and coagulopathy (vitamin K). 
Further discussion on this can be found in Chapter 14.

Administration of vitamin K

Vitamin K is a co-factor in the synthesis of clotting factors II, VII, IX and X. It is 
important to establish if coagulopathy is due to deteriorating hepatic function, 
cholestasis or bile duct obstruction. Administration of vitamin K is integral in 
identifying the cause. Parental administration will differentiate between a synthetic 
and cholestatic cause or bile duct obstruction. An improvement in prothrombin 
time of >30% within 24 hours of administration suggests a cholestasis or bile duct 
obstruction (Luxon, 2006) rather than deteriorating synthetic function. There is 
no clear consensus of opinion on the amount of vitamin K administered and 
number of doses required.

Gallbladder disease

Gallstone disease has become more prevalent in the last 50 years due to an ageing 
population, changes in diet and the rise in obesity (Bateson, 1999). Gender and 
race also play a part, with females being more susceptible to gallstones, as are 
Native American and Hispanic populations.

There are two major types of gallstones, cholesterol and pigment gallstones. 
Cholesterol gallstones occur due to soluble cholesterol precipitating out of solution 
and developing into a crystal formation (Johnson, 2001). Pigmented stones can be 
either black or brown in colour and are formed from calcium bilirubinate and 
other substances. Black stones are usually found solely in the gallbladder, whereas 
brown stones tend to be located in the bile ducts and are associated with biliary 
stasis and infection (Friedman and Keeffe, 2004). Some patients will have a 
mixture of both types of stones. Fifteen percent of gallstones can be identifi ed on 
a plain abdominal fi lm, however the majority (95%) are found using ultrasound 
(Johnson, 2001).

The majority of patients who have gallstones tend to be asymptomatic and 
treatment in these cases is not advocated. Pain from bile duct stones is typically 
characterised by its location in the right upper quadrant or epigastrium and may 
radiate around or through to the back or into the right shoulder. Pain can be mild 
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through to severe with nausea at times and can last a short amount of time (up 
to 6–8 hours, although 3–4 hours is most common) (Malet, 2004). Severe pain 
that exceeds 12 hours should be investigated as acute cholecystitis should be sus-
pected in these cases. A calculous biliary pain relates to the same presentation of 
pain but in the absence of gallstones.

Treatment for symptomatic gallstones is elective cholcystectomy with many 
being performed laproscopically. Some patients may still require open cholestec-
tomy but this approach has been reduced considerably by favourable results, 
including rapid recovery, less time off work and less scarring, from laparoscopic 
treatment (Johnson, 2001).

Gallbladder cancer is rare and diffi cult to detect as it is usually asymptomatic 
prior to its advanced stages, where it presents with weight loss, anaemia, persistent 
vomiting and a palpable mass in the right upper quadrant (Johnson, 2001).

Drug-induced jaundice

A number of drugs have been implicated in causing liver damage which may 
or may not involve the biliary ducts. These include prescribed drugs and non-
prescribed medication such as herbal remedies and illegal drugs (McCarthy and 
Wilkinson, 1999). A number of drugs have the ability to damage the bile ducts 
leading to ductopenia (loss of the bile ducts) or vanishing bile duct syndrome. 
Other drugs can inhibit the bile salt export pump leading to an accumulation of 
bile salts in the hepatocytes and subsequent liver damage due to their toxicity 
(Kullak-Ublick et al., 2004). Cholestasis tends to be an integral factor in the disease 
process. Symptoms may be relatively benign, through to profound anorexia, fatigue 
and pruritis developing over a number of months (Geubel and Sempoux, 2000). 
Further discussion can be found in Chapter 15.

Intrahepatic cholestasis of pregnancy

Intrahepatic cholestasis of pregnancy (ICP) usually affects women in the last tri-
mester of pregnancy (80%), with pruritus affecting the palms of the hands, soles 
of the feet and, in some cases, generalised itching all over the body. It also leads 
to fetal distress, premature delivery and stillbirth if untreated (Kroumpouzos, 
2002). Increased antenatal surveillance and early delivery of the fetus at 36–37 
weeks are required to reduce the incidence of stillbirth (Van Dyke, 2006).

Both oestrogen and progesterone play a part in ICP. Oestrogens interfere with 
bile acid secretion across the hepatocyte membrane (this is why pruritus can also 
occur in some women talking oral contraceptives). Progesterone is implicated due 
to its metabolites which inhibit hepatic glucuronyltransferase; this in turn reduces 
the ability to clear oestrogens from the hepatocytes, thus intensifi es the effects 
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(Kroumpouzos, 2002). The symptoms will subside on the resolution of pregnancy. 
Further discussion can be found in Chapter 16.

Additional considerations

Jaundice has a number of implications for the psychological health of the individ-
ual. Stigma from the general public surrounding why the individual is jaundiced 
can mean that patients are labelled inappropriately as being alcoholics or drug 
abusers. Patients may exhibit skin discolouration ranging from a light yellow tinge 
through to a deep greenish hue. This, combined with scratches from pruritus and 
bruises and bleeding due to coagulopathy, can be distressing for the patient having 
to cope with a change in body image.

Health care professionals should be integral in helping patients to cope with 
these changes through listening, being supportive, giving information and educat-
ing patients. Patients require education to understand that scratching can lead to 
impaired skin integrity and a subsequent route for infection. It is important for 
the nurse to understand the patient’s desire to itch due to the underlying patho-
physiology. Patients require information on the importance of avoiding injury 
which may lead to further bruising or bleeding. Health care interventions and 
treatment options in relation to pruritus can be found in Chapter 11.

Chapter summary

This chapter has considered why jaundice occurs and reviewed the pathway that 
is integral for bilirubin to be produced and excreted. Jaundice can be a result of 
either liver or biliary involvement so it is important for health care professionals 
to be able to differentiate this through investigation and treat accordingly. Jaundice 
is a distressing symptom not only for the patient but also for family and friends; 
and can leave patients feeling not only ill but vulnerable due to changes in body 
image. Pruritus goes hand in hand with jaundice; this chapter needs to be read in 
conjugation with Chapter 11 which reviews pruritus and treatment options.

Illustrative case study

A 45-year-old male presented to his local accident and emergency department with 
a 2-week history of painful abdominal distension, reduced appetite with mild 
weight loss. He had no fever, nausea or vomiting or changes in his bowel habits. 
He was a non-smoker, with no previous relevant medical or family history and 
only consumed alcohol socially (approximately 15 units per week). He was not 
taking any current medication or herbal remedies. Physical examination revealed 
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mild jaundice, ascites and splenomegaly; and gross lower limb oedema. He was 
alert and orientated with no evidence of hepatic encephalopathy and no other 
stigmata of chronic liver disease.

Initial laboratory investigation demonstrated deranged liver function tests, an 
INR of 1.45 and raised platelet count as shown in Table 3.2.

An abdominal ultrasound scan showed moderate amounts of ascites, with a 
normal liver with no focal lesions. There was normal blood fl ow noted in the portal 
vein. There were no intra- or extrahepatic biliary tree dilatation or gallstones. The 
spleen was enlarged at 13.5 cm, as the physical examination initially suggested.

Results from a diagnostic ultrasound-guided paracentesis excluded spontaneous 
bacterial peritonitis with a polymorphonuclear leucocytes (PMN) <250 mm3. A 
high gradient SAAG (serum albumin – ascitic fl uid) of 17 g/L (serum albumin 
42 g/L – ascites albumin 25 g/L) and a high protein (>2.0 g/L) suggested the 
cause of ascites was related to portal hypertension (see Chapter 5 for further 
information).

With the patient’s history, physical examination, investigations and laboratory 
results, a diagnosis of Budd-Chiari syndrome was suspected which was confi rmed 
with an abdominal CT scan which demonstrated occlusion to the hepatic vein, 
with normal portal venous fl ow.

The patient was commenced on anticoagulation therapy and was subsequently 
referred and transferred to a tertiary hepatology unit for further management, 
where he underwent a successful liver transplantation. The underlying pathophysi-
ology of the patient’s Budd-Chiari syndrome was attributed to a haematological 
condition.
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4Portal hypertension

Introduction

Portal hypertension is an important complication of liver cirrhosis leading to the 
formation of varices and contributing to the occurrence of ascites and hepatic 
encephalopathy. Portal hypertension is the cause of one of the most devastating 
complications of liver cirrhosis: variceal haemorrhage. This chapter will examine 
the underlying pathophysiology of portal hypertension in liver disease and the 
current management strategies used for variceal haemorrhage.

Defi nition

Portal hypertension is defi ned as an increased pressure in the portal vein. Normally 
the pressure of the blood in the portal vein is 7 mmHg. When this pressure rises 
to greater than 12 mmHg above the pressure in the hepatic vein then the patient 
is at an increased risk of bleeding from varices.

Terence Wong
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Causes

The portal vein transports approximately 1500 mL/min of blood from the small 
intestine, spleen and colon into the liver. From there blood fl ows through the 
hepatic sinusoids into the hepatic vein, and from there into the inferior vena cava 
(IVC) and heart. Any cause of obstruction of this fl ow will lead to portal hyperten-
sion. The main cause of portal hypertension is liver cirrhosis. Other intrahepatic 
conditions besides cirrhosis may lead to an obstruction to this fl ow of blood (such 
as certain toxins, infection with schistosomiasis). Portal hypertension may also be 
caused by extrahepatic causes, such as portal vein thrombosis and portal vein 
compression (e.g. from a tumour). Any cause of increased pressure in the hepatic 
veins will lead to increased pressure in the portal vein, so constrictive pericarditis, 
and hepatic vein thrombosis (Budd-Chiari syndrome) can also cause portal 
hypertension.

Consequences

Varices

The increases in the portal pressure lead to the diversion of blood into alternative 
routes from the portal venous circulation into the IVC. These are termed the 
portosystemic collateral circulation (Figure 4.1). These include oesophageal varices, 
gastric varices, rectal varices, abdominal wall varices, spleno-renal varices and 
lumbar varices. Portal hypertension can also cause venous congestion of the small 
vessels of the stomach (portal hypertensive gastropathy), which is a rare cause of 
bleeding.

Ascites

Portal hypertension is a contributory factor in the pathogenesis of ascites (see 
Chapter 5).

Portosystemic encephalopathy

In patients with portal hypertension the portal venous blood from the intestines 
is diverted into the systemic circulation and towards the brain without passing 
through the liver. This contributes towards the aetiology of portosystemic encepha-
lopathy as described in Chapter 6.
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Figure 4.1 The sites of portal systemic collateral circulation in cirrhosis of the liver. Reproduced from 
Sherlock S, Dooley J (2002) Diseases of the Liver and Biliary System, 11th edn, with permission from 
Blackwell Science.

Clinical features

History

A history of upper gastrointestinal haemorrhage is the commonest presentation of 
portal hypertension. This manifests as either melaena or haematemesis. In the 
history some clues as to the cause of the portal hypertension should be sought, 
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including any history of intravenous drug usage (past or present), blood transfu-
sions, tattoos and alcohol intake.

Examination

The patient may have stigmata of chronic liver disease (see Chapter 2). In addition 
there may be dilated abdominal wall veins (or caput medusa), as these are a site 
of portosystemic collateral circulation. An enlarged spleen (splenomegaly) may be 
palpable as the increased portal pressure increases the pressure of blood within 
the spleen, causing it to become congested and enlarged. Ascites may be present 
(see above).

Investigations

Blood investigations

Haematology

Splenomegaly may lead to increased sequestration in the spleen, and therefore there 
may be a pancytopenia: the haemoglobin, white cell count and platelet count may 
all be reduced. In addition the haemoglobin may be low due to blood loss from 
varices.

The reduced synthetic function of the liver may lead to a reduction in the syn-
thesis of clotting factors. This would cause a prolonged prothrombin time (PT) 
and international normalised ratio (INR).

Biochemistry

There may be changes consistent with liver cirrhosis on serum biochemistry. The 
serum sodium may be reduced due to reduced renal free water excretion, or 
diuretic usage. The urea and albumin may be reduced due to decreased hepatic 
synthesis; the creatinine may be raised due to hepatorenal syndrome, or pre-renal 
failure due to a hypotensive bleeding episode.

Imaging investigations

Ultrasonography

An ultrasound investigation of the abdomen and liver may show signs of portal 
hypertension. Splenomegaly can be accurately measured with ultrasound and is 
present in the majority of patients with portal hypertension. The portal vein may 
be dilated, and Doppler ultrasound measurements show a reduced portal vein blood 
fl ow. Ultrasonography is also useful in the detection of hepatocellular carcinoma 
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that may complicate cirrhosis and cause portal hypertension by invasion of the 
portal vein.

Computed tomography scan

This is more accurate than ultrasonography in the detection of portal vein occlu-
sion and focal liver lesions such as hepatocellular carcinoma. Retroperitoneal 
varices can also be detected on CT scanning.

Magnetic resonance imaging

MRI is more accurate than CT scanning in the detection of hepatocellular carci-
noma and intra-abdominal varices. It does, however, require the patient to take a 
prolonged breath hold and some patients cannot tolerate MRI.

Hepatic venography

Hepatic venography and pressure studies are the ‘gold standard’ in the measure-
ment of portal hypertension. A balloon catheter is passed into the hepatic vein by 
either an internal jugular venous, or femoral venous approach under radiographic 
guidance. Contrast is then injected into the hepatic vein and the pressure in the 
hepatic vein is measured. The balloon is then infl ated to occlude the hepatic vein. 
The pressure then measured (the hepatic venous wedge pressure) is then the same 
as the portal venous pressure. The hepatic venous pressure gradient (HVPG) is 
calculated by subtracting the hepatic vein pressure from the hepatic venous wedge 
pressure. The HVPG is an excellent marker of portal hypertension severity. A 
HVPG of <12 mmHg correlates with a reduced risk of bleeding from varices, a 
good response to pharmacological therapy of portal hypertension and increased 
survival.

Endoscopy

Portal hypertension may cause many changes which can be seen with upper gas-
trointestinal endoscopy. Endoscopy is the gold standard in the assessment of 
oesophagogastric varices (Figure 4.2, Plate 4). Portal hypertensive gastropathy is 
caused by congestion of the blood vessels in the gastric wall and has a mosaic-like 
appearance. Varices may be present in the oesophagus, in the fundus of the 
stomach, on the lesser curve, or in the body of the stomach; all of these may bleed. 
Oesophageal varices are graded according to size (grade 1 varices can be depressed 
by the endoscope, grade 2 varices cannot be depressed by the endoscope, grade 3 
are confl uent). Various other signs at endoscopy (red spots, red wheal markings) 
confer an additional bleeding risk.

The major role of endoscopy in portal hypertension is in the treatment of bleed-
ing varices (see below).
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Management of variceal haemorrhage

Upper gastrointestinal haemorrhage (UGIH) is a common medical emergency with 
an incidence of 50–170 per 100,000 adults per year in the UK (Blatchford et al., 
1997). In a UK audit, the overall mortality was 14%, with a higher mortality 
in older patients, or those with severe co-morbidity (Rockall et al., 1995). This 
mortality has not declined recently, probably due to the increasing age and co-
morbidity of patients. Variceal haemorrhage is associated with a particularly high 
mortality of 50% in patients with bleeding varices compared with 11% in all 
patients with gastrointestinal bleeding. Patients who have had a variceal bleed have 
a 70% chance of bleeding again.

Initial assessment

The initial management of the patient should include a risk assessment of the 
severity of the bleed, and fl uid resuscitation. Table 4.1 illustrates the immediate 
investigations required in patients with variceal haemorrhage.

Resuscitation

The immediate management is to resuscitate the patient (Jalan and Hayes, 2000). 
Multiple wide-bore venous access should be inserted in large veins (e.g. 16-gauge 

Figure 4.2 Endoscopic view of an oesophageal varix. For a colour version of this fi gure, please see 
Plate 4 in the colour plate section.
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peripheral cannula into the antecubital fossa). The severity of the bleed can be 
stratifi ed according to signs of haemodynamic compromise. A severe bleed is nor-
mally indicated by a patient with a pulse >100 beats/min, a systolic blood pressure 
<100 mmHg, or a haemoglobin <100 g/L.

The most effective resuscitation fl uid is cross-matched blood, followed by group-
compatible blood, O-negative blood, then plasma expanders (e.g. Haemaccel® or 
Gelofusine®). In the majority of patients with variceal bleeding the patient can be 
resuscitated with plasma expanders whilst cross-matched blood is awaited. In some 
severe cases of variceal haemorrhage O-negative blood maybe required whilst 
cross-matching is performed. Central venous access may be necessary in patients 
with a severe bleed as patients with variceal haemorrhage are commonly compli-
cated with systemic sepsis, and may be hypotensive due to sepsis rather than 
hypovolaemia. Central venous access with large-bore cannulae can also be used 
to rapidly transfuse fl uids (e.g. a rapid infusion catheter into the femoral vein).

Fluid resuscitation should be commenced. In severe cases of haematemesis an 
endotracheal tube may be required, especially if the conscious level is impaired 
(e.g. in hepatic encephalopathy), to prevent pulmonary aspiration.

Table 4.1 Immediate investigations in patients with variceal haemorrhage.

Haematology
Full blood count
Clotting screen
Blood group and cross-match

Biochemistry
Urea and electrolytes
Liver function tests
Blood glucose
Chest radiograph
ECG
Arterial blood gases

Other blood investigations to determine cause of cirrhosis
Hepatitis C antibody
Hepatitis Bs antigen
Serum ferritin
Antinuclear, anti-mitochondrial, anti-smooth muscle, anti-liver kidney microsomal antibodies
Serum immunoglobulins (IgG, IgM, IgA)
Serum alpha-fetoprotein
Serum alpha-1-antitrypsin
Serum caeruloplasmin

Imaging investigations in variceal haemorrhage
Ultrasound scan with Doppler ultrasound of the hepatic and portal veins
Contrast-enhanced CT in selected cases
Magnetic resonance imaging in selected cases
Hepatic portography in selected cases



Portal hypertension 53

Endoscopy

Endoscopy can be undertaken either as a semi-elective, or urgent procedure. The 
timing of endoscopy has to be taken on an individual case basis, but fl uid resusci-
tation takes priority over endoscopy. Endoscopy should be undertaken when the 
patient is haemodynamically stable, but this is not always possible in cases of 
severe bleeding. Endoscopy is associated with the risk of pulmonary aspiration, 
especially if the patient is having a large haematemesis, and therefore airway pro-
tection is often necessary prior to endoscopy, especially in the context of a large 
haematemesis, or if the patient’s conscious level is impaired from encephalopathy. 
Ideally every acute hospital should have arrangements for out-of-hours endoscopy 
by appropriately trained clinicians (British Society of Gastroenterology Endoscopy, 
2002), however there is wide variation in the provision of emergency endoscopy 
within the UK and a recent National Confi dential Enquiry into Patient Outcome 
and Death (NCEPOD) reported that 62% of units had no out-of-hours endoscopy 
rota. Endoscopy can defi ne the cause of bleeding, aid in risk stratifi cation and 
enable endoscopic haemostasis to be performed. Specifi c endoscopic, pharmaco-
logical and surgical therapy can then be tailored towards individual causes of 
bleeding.

The mortality of bleeding after a variceal haemorrhage is related to the severity 
of the liver disease. A commonly used classifi cation in assessing the severity of liver 
disease is the Child-Pugh score and is strongly predictive with mortality (Jalan and 
Hayes, 2000).

Treatment of acute variceal bleeding

Endoscopic therapy

Prior to endoscopy the patient must be well resuscitated and stable from the respi-
ratory and cardiovascular perspectives (see above). If endoscopy is performed 
under conscious sedation a benzodiazepine (e.g. midazolam), and sometimes opiate 
(e.g. fentanyl), is used as a sedative agent. These are associated with respiratory 
depression and hypotension, and therefore the patient’s oxygen saturation, pulse 
and blood pressure are continually monitored. ECG monitoring is recommended 
if there is any history of cardiac disease. Oxygen supplementation should be 
administered routinely. If the patient has had a prosthetic heart valve replacement, 
or a history of endocarditis, endocarditis prophylaxis should be administered in 
the form of pre- and postprocedural antibiotics. During the procedure itself there 
is a high risk of pulmonary aspiration, especially if the patient is having an active 
haematemesis. Adequate mouth suction should therefore be performed during the 
procedure to avoid inhalation of blood. In view of this risk many patients have 
their airway protected by endotracheal intubation.

After the procedure the patient should be recovered in an environment appro-
priate to nurse a sedated patient. Oxygen saturation, pulse and blood pressure 
should be continued to be monitored until the patient is fully conscious. Specifi c 
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antagonists to benzodiazepines (e.g. fl umazenil) and opiates (e.g. naloxone) should 
be to hand in both the procedural area and recovery in case the patient suffers 
respiratory failure due to the sedatives.

The main endoscopic treatment modalities for the treatment of oesophageal 
varices are endoscopic variceal band ligation (EVL) and endoscopic variceal sclero-
therapy. Endoscopic sclerotherapy (ES) involves the injection of a sclerosant (e.g. 
ethanolamine) into the varix at the time of endoscopy. ES has been used for many 
decades, but its use has largely been superseded by EVL. EVL was fi rst described 
in humans in 1988, and involves the application of a rubber band around the 
oesophageal varix. A specialised suction chamber is placed on the endoscope; at 
endoscopy the varix is sucked into this chamber and the rubber band applied 
(Figure 4.3, Plate 5). Subsequent studies have shown that EVL is superior to 
sclerotherapy both in the setting of the acute bleeding (Lo et al., 1997), and also 
in secondary prophylaxis of variceal haemorrhage (Gimson et al., 1993). EVL 
results in higher initial haemostasis rates, lower rebleeding rates and lower com-
plication rates compared with ES. The newer multiband variceal banding devices 
are also superior to the fi rst generation techniques that required an oesophageal 
overtube (Wong et al., 2000), as the overtube required the use of higher doses of 
sedation and was associated with oesophageal haemorrhage, haematoma and even 

Figure 4.3 Band ligation on an oesophageal varix. Reproduced with permission from Krige JE, 
Beckingham IJ (2001) ABC of diseases of liver, pancreas, and biliary system. Portal hypertension – 1: 
varices. British Medical Journal 322:348–351. For a colour version of this fi gure, please see Plate 5 in 
the colour plate section.
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perforation. Side effects from EVL and ES are the formation of oesophageal ulcer-
ation and strictures; proton pump inhibitors (e.g. omeprazole) are therefore rou-
tinely administered after endoscopic therapy of varices.

Gastric varices are present in approximately 30% of patients with portal hyper-
tension, and pose a challenge to the endoscopist due to the diffi culties in achieving 
endoscopic haemostasis either with endoscopic sclerotherapy or band ligation. 
Recent studies using the injection of tissue adhesives such as N-butyl-cyanoacylate 
(Lo et al., 2001), and human thrombin (Heneghan et al., 2002) into the gastric 
varix at endscopy have shown high initial haemostasis rates.

Pharmacological therapy

Terlipressin, vasopressin, somatostatin and octreotide have all been shown to be 
of some benefi t in initial haemostasis and reducing early rebleeding. Terlipressin 
is a synthetic analogue of vasopressin which causes splanchnic vasoconstriction, 
reduces portal blood fl ow and variceal pressure. Terlipressin reduces mortality and 
in the UK is the only licensed vasoactive agent in variceal haemorrhage (Ioannou 
et al., 2003). Earlier treatment with vasoactive agents (Levacher et al., 1995; 
Nidegger et al., 2003) seems to be associated with a better outcome, and therefore 
should be used before endoscopy when a variceal haemorrhage is clinically 
suspected. The optimal duration of therapy has not fully been established, but 
many of the studies continued vasoactive drugs for 5 days (de Franchis, 2005). In 
view of the vasoconstrictive effects of terlipressin, side effects include ischaemia of 
the small intestine, peripheral vasculature and myocardium. A baseline electrocar-
diogram (ECG) should therefore be performed prior to starting terlipressin, and 
the patient observed for any signs or symptoms of small bowel ischaemia (e.g. 
abdominal pain), myocardial ischaemia (e.g. chest pain) or peripheral vascular 
ischaemia.

Prophylactic antibiotics have been shown in multiple meta-analyses to reduce 
mortality in cirrhotic patients with gastrointestinal haemorrhage (Soares-Weiser 
et al., 2002). Quinolones (e.g. ciprofl oxacin) or third-generation cephalosporins 
should therefore be routinely administered.

Combining endoscopic and pharmacological therapy improves initial haemosta-
sis rates and reduces rebleeding rates when compared with endoscopic haemostasis 
alone (Banares et al., 2002).

Balloon tamponade

The use of balloon tamponade (Figure 4.4) is now reducing with effective endo-
scopic therapy and vasoactive drugs. The most commonly used balloon is the 
Sengstaken-Blakemore tube. This four-lumen balloon has a gastric and oesopha-
geal balloons, and gastric and oesophageal aspiration channels. The tube is inserted 
per-orally into the stomach and the gastric balloon infl ated with 250 mL of 10% 
radio-opaque contrast. The tube is then withdrawn, and the balloon held tight 
against the gastro-oesophageal junction by fi rm skin traction. Weight traction is 
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no longer recommended due to its lack of consistent traction maintenance. The 
position of the tube is then checked by radiograph, where the gastric balloon can 
easily be identifi ed by the radio-opaque contrast; in particular it is important to 
confi rm that the balloon has not been infl ated in the oesophagus as this is associ-
ated with a high risk of oesophageal perforation. The oesophageal balloon should 
only rarely be infl ated as it is associated with a high risk of oesophageal necrosis 
and perforation, and its use confi ned to bleeding refractory to other measures. If 
the oesophageal balloon is infl ated it should be defl ated every 4 hours.

Balloon tamponade is associated with the risk of oesophageal perforation, 
oesophageal necrosis and pulmonary aspiration; it is also unpleasant for the 
patient. In view of the discomfort it is normally used in ventilated and sedated 
patients. In view of the risk of oesophageal perforation it should only be used for 
a maximum of 24 hours.

Balloon tamponade is, however, highly effective in the temporary control of 
active bleeding, but is associated with 50% rebleeding after defl ation of the balloon. 
It is associated with the risks of oesophageal rupture, ulceration and aspiration 
pneumonia, but is valuable in torrential bleeding as a temporising manoeuvre whilst 
awaiting defi nitive treatment (Jalan and Hayes, 2000; de Franchis, 2005).

Gastric
balloon

Oesophageal
balloon

Figure 4.4 Balloon tamponade tube. Photograph reproduced with permission from Bard®, Urology 
and Surgical Specialities.
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Transjugular intrahepatic portosystemic shunt

Transjugular intrahepatic portosystemic shunt (TIPS) is a procedure placing a self-
expanding metal stent radiologically between the portal vein and hepatic vein. This 
directly forms a shunt between the portal vein and hepatic vein. This procedure is 
highly effective in reducing portal pressures, which reduces blood fl ow through 
varices. TIPS is highly effective in reducing rebleeding, and in controlling acute 
haemorrhage (Jalan and Hayes, 2000). TIPS is, however, associated with a risk of 
encephalopathy, as the blood from the intestines is diverted directly into the sys-
temic circulation, and shunt stenosis, although the latter is reduced with the use 
of the newer PTFE-covered stents (Bureau et al., 2004). Its use is currently limited 
to variceal haemorrhage refractory to endoscopic and pharmacological therapy.

Secondary prophylaxis of variceal haemorrhage

Beta-blockers

Non-selective beta-blockers reduce cardiac output, and cause splanchnic vasocon-
striction reducing portal venous infl ow and pressure. Beta-blockers are contra-
indicated in patients with asthma. Patients on beta-blockers should have their pulse 
and blood pressure monitored. The target pulse rate is 50 beats per minute, or a 
reduction in the rest pulse rate by 25%. Several randomised controlled studies 
comparing propanolol or nadolol with placebo have shown a reduction in rebleed-
ing and mortality with beta-blockers (Jalan and Hayes, 2000).

Endoscopic therapy

Initial studies comparing endoscopic sclerotherapy with no therapy showed a 
reduction in rebleeding in patients with endoscopic sclerotherapy, and subsequent 
studies comparing EVL with sclerotherapy indicated that EVL is associated with 
a lower rebleeding rate, complication rate and mortality when compared with 
endoscopic sclerotherapy (Gimson et al., 1993). EVL should be performed at 
regular (2-weekly) intervals until variceal eradication, with oral proton pump 
inhibitor prophylaxis against EVL-induced ulceration.

The combination of beta-blockers with endoscopic variceal band ligation has 
recently been shown to reduce rebleeding when compared with band ligation alone 
(de la Pena et al., 2005).

Chapter summary

Variceal haemorrhage is a serious complication of portal hypertension associated 
with a high mortality. Prompt recognition, fl uid resuscitation, pharmacological 
therapy and prevention of complications are crucial in the management of this 
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devastating complication of liver cirrhosis, and these measures, in conjunction with 
advances in pharmacological therapy, intensive care management and endoscopic 
therapy, have resulted in a reduction in mortality over the past decades.

Illustrative case study

A 50-year-old Chinese man was admitted with a large haematemesis. On examina-
tion he was minimally jaundiced, and had multiple spider naevi. His pulse was 
120 bpm and blood pressure 120/80 mmHg, on admission. No ascites or spleno-
megaly was clinically apparent, and he was not encephalopathic. His haemoglobin 
was 80 g/L, INR 1.3, bilirubin 60 μmol/L, and albumin 30 g/L.

Two large-bore (16-gauge) intravenous cannulae were inserted and he was fl uid 
resuscitated with intravenous colloid and blood transfusions. After a baseline 
ECG, intravenous terlipressin was commenced and he was started on prophylactic 
ciprofl oxacin. He was nursed in a high dependency unit. His blood pressure and 
pulse were monitored every 30 minutes. His oxygen saturation and ECG were 
continually monitored.

Despite this the patient suffered a further large haematemesis in association with 
a drop in his blood pressure to 80/40 mmHg and in view of this he underwent 
endotracheal intubation to protect his airway and a large-bore central venous rapid 
infusion catheter was inserted. He was fl uid resuscitated with a further four units 
of blood and fresh frozen plasma as a repeat haemoglobin was 60 g/L and INR 
2.0. His blood pressure stabilised to 120/80 mmHg and pulse 80 bpm, and there-
fore he was transferred to the intensive care unit where he underwent upper 
gastrointestinal endoscopy.

At upper gastrointestinal endoscopy four grade II oesophageal varices were 
found, one of which was actively bleeding. These were treated at the time with 
EVL. Over the subsequent 24 hours he suffered no further bleeding, was extubated 
and transferred from the intensive care unit. Intravenous terlipressin and cipro-
fl oxacin were continued for 5 days.

Subsequently his hepatitis serology taken on admission revealed that he was 
hepatitis B sAg positive with a high viral DNA level. His alpha fetoprotein was 
30 kU/L. An ultrasound scan revealed a 5 cm hypervascular mass within the right 
lobe of the liver, and a contrast-enhanced CT scan confi rmed a 5 cm hepatocellular 
carcinoma without invasion of the portal vein.

This case illustrates many key points as to the management of a patient with 
variceal haemorrhage. Firstly, the prompt recognition of a patient with cirrhosis 
due to his stigmata of chronic liver disease led to initial immediate treatment with 
terlipressin and antibiotics. The patient was then nursed in an environment appro-
priate to a condition with a high mortality and prompt endotracheal intubation 
on initial rebleeding enabled subsequent fl uid resuscitation and endoscopy to be 
performed in a controlled manner without risk of pulmonary aspiration. Finally, 
the identifi cation of the cause of cirrhosis and complicating hepatocellular carci-
noma is important as the major causes of mortality in patients with variceal 
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haemorrhage are complications of the patient’s underlying liver disease, rather 
than uncontrolled bleeding.
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5Ascites, spontaneous bacterial 
peritonitis, hyponatraemia and 

hepatorenal failure

Introduction

Ascites is the most common complication of liver cirrhosis, and marks the transi-
tion from compensated to decompensated liver disease, which without liver trans-
plantation is associated with 50% mortality over 2 years (Fernandez-Esparrach 
et al., 2001). Patients may additionally develop other complications associated 
with ascites, such as spontaneous bacterial peritonitis, dilutional hyponatraemia 
and hepatorenal syndrome, which are associated with a poor prognosis. This 
chapter will examine the underlying pathogenesis and current medical and nursing 
management of ascites, and the associated complications.

Defi nition

Ascites is the excessive accumulation of extracelluar fl uid within the peritoneal 
cavity and is a major complication of liver cirrhosis, occurring in 50% of patients 
over a 10-year period (Gines et al., 1987). Whilst the most common cause of ascites 
is liver cirrhosis (85%), other causes have been attributed to malignancy, cardiac 
disease, tuberculosis, pancreatitis and other rare miscellaneous causes.

Suzanne Sargent
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Classifi cation

Ascites is graded on the amount of abdominal distension and ascitic fl uid detection, 
therefore grade 1 ascites is mild and only detectable by ultrasound examination, 
grade 2 ascites is moderate ascites with a moderate symmetrical distension of the 
abdomen and grade 3 ascites is classed as either large or gross ascites with marked 
abdominal distension (Figure 5.1, Plate 6) (Moore et al., 2003).

Refractory ascites occurs in 5–10% of patients with cirrhotic ascites, and is 
defi ned by the International Ascites Club (IAC) (Table 5.1) as ascites that cannot 

Figure 5.1 Patient with tense ascites with an umbilical hernia. For a colour version of this fi gure, 
please see Plate 6 in the colour plate section.

Table 5.1 Diagnostic criteria for refractory ascites proposed by the International Ascites Club 
(Cardenas et al., 2006).

� Treatment duration – patients must be on intensive diuretic therapy (spironalactone 400 mg/day 
and frurosemide 160 mg/day) for at least 7 days and on a restricted diet of less than 80 mmol/L 
salt per day

� Lack of treatment response – mean weight loss of <0.8 kg over 4 days and urinary sodium output 
of less than sodium intake 

� Early ascites recurrence: reappearance of grade 2 or 3 ascites within 4 weeks of initial 
mobilisation 

� Diuretic-induced complications: 
� Diuretic-induced hepatic encephalopathy is the development of encephalopathy in the 

absence of any precipitating cause 
� Diuretic-induced renal impairment is an increase of serum creatinine by 100% to a value of 

176.8 μmol/L (2 mg/dL) in patients with ascites responding to treatment 
� Diuretic-induced hyponatremia is defi ned as a serum sodium decreased by >10 mmol/L to a 

serum sodium of <125 mmol/L
� Diuretic-induced hypo- or hyperkalemia is defi ned as a change in serum potassium to 

<3 mmol/L or >6 mmol/L despite appropriate measures
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be mobilised, or early recurrence that cannot be satisfactorily prevented by medical 
therapy (Arroyo et al., 1996).

Pathogenesis of ascites formation

The pathophysiology underlying the formation of ascites is complex, with several 
proposed hypotheses. However the most widely accepted theory to explain 
the pathogenesis of sodium retention and the formation of ascites is the arterial 
vasodilation theory as shown in Figure 5.2 (Schrier et al., 1988). However, the 

Splanchnic vasodilatation caused by release of
endogenous vasodilators (nitric oxide, prostaglandins,

glucagon)  

Decreased effective arterial blood flow
and activation of RAAS, SNS and non-osmotic

secretion of vasopressin

Cirrhosis and formation of portal hypertension 

Sodium and water retention
Renal vasoconstriction

Plasma volume expansion
plus portal hypertension 

Ascites formation 

Figure 5.2 Pathogenesis of ascites in cirrhosis. As proposed by the arterial vasodilatation theory.
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reduction in cardiac output seen in advanced cirrhosis is now currently being 
considered as a contributing factor.

According to the arterial vasodilation hypothesis, portal hypertension (portal 
pressure >12 mmHg) is the initial event (see Chapter 4) that results in the develop-
ment of a collateral circulation, portosystemic shunting and arterial vasodilation. 
Arterial vasodilation is thought to occur secondary to the overproduction of vaso-
dilators such as nitric oxide, prostaglandins and glucagons. In the early stages of 
cirrhosis, splanchnic arterial vasodilation is moderate and has only a small effect 
on the effective arterial blood volume, which is maintained within normal ranges 
by increases in both plasma volume and cardiac output (Schrier et al., 1988). 
However, in advanced cirrhosis splanchnic vasodilation becomes more pronounced 
causing a decrease in effective arterial blood volume, thereby increasing the stimu-
lation of arterial and cardiopulmonary receptors, which include the sympathetic 
nervous system (SNS), renin–angiotensin–aldosterone system (RAAS) and the 
secretion of non-osmotic vasopressin (arginine). This results in both renal sodium 
and water retention and renal vasoconstriction. Increased lymph production from 
the splanchnic capillaries leads to the formation of ascites; however it is proposed 
that changes in peritoneal membrane and its permeability in controlling the passage 
of fl uid may additionally contribute to ascites formation (Sherlock and Dooley, 
2002). The arterial vasodilation theory also supports the underlying pathophysiol-
ogy of both hepatorenal failure and dilutional hyponatraemia, which are discussed 
later in this chapter.

Diagnosis

A diagnosis of new-onset ascites is suspected on the basis of the patient’s history 
and physical examination and is usually confi rmed by successful abdominal para-
centesis and/or ultrasonography (Runyon, 2004). Even if the cirrhosis is obvious 
from the history and examination it is imperative that other causes of ascites are 
excluded.

Because of the associated complications seen in patients with cirrhosis and 
ascites, an assessment of liver and renal function, full blood count (FBC) and 
international normalised ratio (INR) should be undertaken with an additional 
assessment of circulatory function (Gines et al., 2004a). On physical examination, 
patients may present with numerous stigmata of chronic liver disease suggesting 
portal hypertension, e.g. spider naevi, palmar erythema, splenomegaly, caput 
medusa and hepatic encephalopathy. If ascites is suspected, the presence of dullness 
on abdominal percussion and the demonstration of ‘shifting dullness’ will normally 
detect ascites providing at least 1.5 L of fl uid are present. However, detection of 
ascites by physical examination in patients with obesity can be problematic 
(Runyon, 2004). Abdominal ultrasonography should be undertaken in all patients 
with ascites as this can detect as little as 100 mL of ascitic fl uid and can provide 
additional data such as size of the liver and spleen, pancreas, lymph nodes, and 
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exclude conditions such as portal vein thrombosis and hepatocellular carcinoma 
(Moore and Aithal, 2006).

The essential investigations other than those already discussed, should include 
diagnostic paracentesis with measurement of ascitic fl uid protein, serum ascites 
albumin gradient (SAAG), neutrophil count, culture and amylase (Moore and 
Aithal, 2006). Details of further laboratory investigations, values, and the signifi -
cance of fi ndings are shown in Table 5.2.

Treatment

In addition to the discomfort and unwanted side effects of ascites, the accumula-
tion of ascitic fl uid may strongly affect the quality of life in patients, and this may 
present the rationale for treatment (Angeli and Gatta, 2005). Patients with grade 
1 ascites, whilst not normally needing treatment, should still refrain from excessive 
salt intake as this can cause both a positive sodium balance and fl uid retention 
(Cardenas and Gines, 2005a). In moderate (grade 2) or large (grade 3) ascites, 
the treatment is initially based on diet and diuretic therapy. For patients with 
refractory ascites, management options fi rstly include large-volume paracentesis, 

Table 5.2 Evaluation of ascitic fl uid.

Diagnostic test Values and indications

Ascitic fl uid total protein (AFTP) Exudates ascitic protein >25 g/L (2.5 g/dL)
Transudate ascitic protein <25 g/L (2.5 g/dL)

AFTP concentration is usually low (<10 g/L) in 60% of cirrhotic 
patients 

Protein concentration <10 g/L predicts a higher risk of 
developing SBP, and shorter life expectancy

Ascitic fl uid cell count Polymorphonuclear leucocyte (PMN) count ≥250 cells/mm3 is 
diagnostic of SBP

Serum ascites–albumin gradient 
(SAAG). Calculated as serum 
albumin concentration – 
ascitic fl uid albumin 
concentration

Values >11 g/L (1.1 g/dL) suggest that ascites is related to portal 
hypertension, indicative of cirrhosis 

Values <11 g/L (1.1 g/dL) suggest causes other than portal 
hypertension such as malignancy, pancreatitis, tuberculosis 

 Accuracy of 97% in patients with portal hypertension

Cultures in blood culture bottles Detects both Gram-positive and Gram-negative pathogens

Amylase Pancreatic ascites

Cytology Carcinoma 
Sensitivity of up to 96.7% has been demonstrated in peritoneal 

carcinoma but not routinely used for investigations of 
hepatocellular carcinoma

Acid-fast smear Indicative of tubercular ascites

Glucose Indicative of abscess/peritonitis

Lactate dehydrogenase Indicative of abscess/secondary peritonitis
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paracentesis with diuretic therapy (providing there are no contraindications) or 
the radiological insertion of a transjugular intrahepatic portosystemic shunt (TIPS). 
In view of the 50% mortality over 2 years (Gines et al., 1987), patients with ascites 
should be evaluated for the suitability of a liver transplantation.

Sodium restriction

The principle of restriction is that the amount of fl uid retained in the body depends 
on the balance between sodium ingested in the diet and sodium excreted in the 
urine. Therefore, if the sodium excreted is less than that ingested, patients accu-
mulate ascites and oedema. Equally if sodium excreted is greater than the intake, 
then ascites and oedema decrease (Arroyo et al., 2000). A typical UK diet contains 
approximately 150 mmol of sodium per day of which 15% is from added salt and 
70% is from manufactured foods (Moore and Aithal, 2006). Compliance is poor 
with very low sodium restrictions, which may exacerbate any protein malnutrition, 
therefore a sodium intake of 90 mmol (5.2 g) per day is advocated (Moore and 
Aithal, 2006). A dietetic referral is essential for all patients commencing or under-
taking a low-sodium diet to provide patients and relatives or carers with appropri-
ate dietetic advice and is discussed further in Chapter 14.

Diuretic therapy

The goal of diuretic therapy is to induce a slow and gradual diuresis without any 
undesirable side effects, especially dehydration and prerenal failure.

The initial diuretic of choice for single therapy is spironolactone. Plasma aldo-
sterone concentrations increase in patients with cirrhosis and ascites, which play 
an important role in increasing renal tubular sodium reabsorption (Cardenas 
et al., 2006). Spironolactone, an aldosterone antagonist, therefore acts mainly on 
the aldosterone-sensitive sodium channels in the distal nephron to increase natri-
uresis and to conserve potassium (Moore and Aithal, 2006). Spironolactone is 
initially commenced at a dose of 100–200 mg/day, titrated to a maximum dose of 
400 mg/day. The prolonged half-life of spironolactone and its metabolites (up to 
5–7 days) allows once-daily dosing (Friedman and Keeffe, 2004). A therapeutic 
response is seen in 75% of patients, normally within 48 hours. Gynaecomastia is 
the main side effect, but hyperkalemia, metabolic acidosis and long drug half-life 
have also been noted (Runyon, 2004). Other diuretics acting in the distal tubes, 
such as amiloride, are less effective, but can be used in patients with severe side 
effects of spironolactone therapy (Cardenas et al., 2006).

Loop diuretics, such as furosemide, are commonly used as an adjunct to 
spironolactone therapy. The initial dose is 20–40 mg/day titrated to a maximum 
dose of 160 mg/day. However furosemide must be given with caution due to the 
associated side effects such as excessive diuresis and hypovolaemia, renal failure, 
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hyponatraemia, hypokalaemia, muscle cramps and hepatic encephalopathy 
(Cardenas et al., 2006).

The response to diuretic therapy can be measured by weight loss, urine volume, 
sodium excretion and physical examination (Gines et al., 2004a). As the rate of 
ascitic fl uid reabsorption is limited to 700–900 mL/day, the goal is to achieve a 
weight loss of 0.3–0.5 kg/day in patients without oedema and 0.8–1.0 kg/day in 
patients with oedema (until resolution of oedema) (Cardenas et al., 2006). If the 
weight loss exceeds this, it is usually at the expense of removing fl uid from the 
intravascular space.

To ensure precision, patients should ideally be weighed before breakfast, with 
the patient wearing the same amount of clothing. Accurate documentation with 
weight charts is essential to plot and gauge the overall weight loss (Sargent, 2006). 
The principles of daily weighing also apply to outpatients, whereby bathroom 
scales should be used. Patients should be educated to maintain a daily record, 
which should be brought to the physician at outpatient clinics (Sherlock and 
Dooley, 2002).

Serum electrolytes, creatinine, urea and liver function tests should be monitored 
regularly. In the outpatient setting these should be examined a week after dis-
charge, to allow for any treatment adjustments, however in stable outpatients these 
should be monitored every 4 weeks (Sherlock and Dooley, 2002).

Therapeutic paracentesis

Patients with large or refractory ascites are usually treated with repeated large-
volume paracentesis (>5 L), as its combined use with colloid replacement has been 
demonstrated in several large clinical trials to be a rapid, safe and effective treat-
ment (Moore and Aithal, 2006). On average, patients with refractory ascites 
require a therapeutic paracentesis every 2–4 weeks, which can be performed in an 
outpatient setting (Cardenas and Gines, 2005a).

Ascitic fl uid is drained with a specially designed peritoneal needle under strict 
aseptic technique. For paracentesis of greater than 5 L, human albumin solution 
is usually administered intravenously at a rate of 6–8 g/L of ascitic fl uid removed 
(e.g. 100 mL of 20% albumin for each 2–3 L drained) (Moore and Aithal, 2006). 
It is essential to record a baseline of vital signs prior to commencing large-volume 
paracentesis. During the procedure vital signs need to be initially recorded every 
15–30 minutes, reducing the frequency if cardiovascular stability is maintained. 
Monitoring and recording strict fl uid balance and administering the correct volume 
of albumin replacement therapy are vital, as circulatory dysfunction caused by 
ineffective intravascular volume can result in hypovolaemia, increased activation 
of the RAAS and hepatorenal failure. Patients also need to be observed for signs 
of other associated complications such as increased hepatic encephalopathy or 
infection. Whilst the use of human albumin solution remains the colloid of choice, 
the use of other synthetic plasma expanders has been advocated but is less effective 
at maintaining haemodynamic stability (Cardenas et al., 2006). Whilst there is no 
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consensus on the overall length of time, paracentesis catheters should be removed 
as soon as possible, which is commonly between 4–6 hours, to minimise the risk 
of infection. Encouraging patients to lie on their side will reduce ascitic fl uid 
leakage, and it may be necessary for the insertion of a purse string suture around 
the drainage site (Moore and Aithal, 2006). The temporary use of stoma collection 
bags can be useful to maintain skin integrity in patients with persistent leakage.

Transjugular intrahepatic portosystemic shunt

As an elevated portal pressure is one of the main factors contributing to the patho-
genesis of ascites, achieving portal decompression with the use of a self-expanding 
portosystemic shunt is considered a successful treatment option for both oeso-
phageal varices and refractory ascites (Moore et al., 2003). Under intravenous 
conscious sedation or general anaesthesia, a fl exible metal prosthesis is inserted 
radiologically via the internal jugular vein to create a bridge between a branch of 
the hepatic vein and portal vein (Figure 5.3); this induces a decrease in portal 
pressures and subsequent improvement in renal function, and the reduction of 
ascites by reducing RAAS and increasing sodium excretion. TIPS is a recognised 
treatment option for patients with refractory ascites who need more than three 
large-volume paracenteses per month (Moore et al., 2003).

Whether TIPS is superior to repeated large-volume paracentesis for patients with 
refractory ascites remains contentious. A systematic review of fi ve randomised 
control trials comparing TIPS with paracentesis supported that TIPS is more effec-
tive at removing ascites, but showed that there are no signifi cant differences in 
mortality, gastrointestinal bleeding, infection and acute kidney injury (Saab et al., 

Hepatic vein

Portal vein

Figure 5.3 Transjugular intrahepatic portosystemic shunt (TIPS). Reproduced with permission from 
Krige JE, Beckingham IJ (2001) ABC of diseases of liver, pancreas, and biliary system. Portal hyperten-
sion – 1: varices. British Medical Journal 322:348–351.
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2006). The main contraindications for TIPS insertion are pre-existing hepatic 
encephalopathy, age greater than 70 years, pre-existing cardiac dysfunction and a 
Child-Pugh score greater than 12 (Moore et al., 2003).

Immediate postprocedure complications can be a consequence of intravenous 
sedation or general anaesthesia, capsular puncture and intrahepatic bleeding, or 
bruising around the puncture sites (Moore et al., 2003). TIPS is associated with a 
25–30% incidence of hepatic encephalopathy and a high prevalence of stunt ste-
nosis/obstruction (Sanyal et al., 2003), although stents with a polyurethane cover-
ing may reduce this. Ultrasound scans are routinely carried out 24 hours post 
procedure, and at 3, 6 and 12 months post insertion to assess the stent patency.

This chapter has primarily focused on the medical management of ascites, however, 
secondary complications such as pleural effusions, cardiovascular instability, 
peripheral and genital oedema, umbilical hernia, reduced mobility and loss of 
appetite may additionally impede on the patient’s quality of life and independence. 
The psychological needs of these patients are vital and yet often overlooked by 
prioritising the medical needs. Patients with ascites are dealing with vast changes 
in body image, loss or a reduction in independence, as well as an awareness of 
deterioration in health and shortened life expectancy. Therefore, it may be neces-
sary to refer patients for counselling or appropriate psychiatric support. If alcohol 
is the cause of liver disease then patients should be advised to abstain and referred 
to an appropriate health care professional for advice or treatment referral.

Spontaneous bacterial peritonitis

Bacterial infections are one of the most feared problems that complicate the course 
of patients with advanced liver disease (Cardenas and Gines, 2005a). Spontaneous 
bacterial peritonitis (SBP) occurs in 10–30% of patients with ascites and is char-
acterised by the spontaneous infection of ascitic fl uid in the absence of any intra-
abdominal source of infection (Gines et al., 2004a). The mortality rate is estimated 
to be 20% with early diagnosis and the initiation of prompt treatments (Garcia-
Tsao, 2001).

The underlying pathogenesis of SBP is thought to be the translocation of bacteria 
from the intestinal lumen to the lymph nodes, with subsequent bacteraemia and 
infection of ascitic fl uid (Gines et al., 2004a). Aerobic Gram-negative organisms 
account for 72% of infections, principally Escherichia coli and Klebsiella. Strep-
tococcus species are the most frequently found Gram-positive aerobes.

Although some patients with SBP may be asymptomatic, a signifi cant number 
of patients will have some symptoms such as fever, mild abdominal pain, vomiting 
or confusion (Moore and Aithal, 2006). Additionally SBP should be excluded in 
patients who present with clinical deteriorations such as hepatic encephalopathy, 
hypotension, gastrointestinal bleeding or renal impairment (Moore et al., 2003).

The diagnosis of SBP is based upon the microscopic examination of the ascitic 
fl uid. The presence of at least 250 polymorphonuclear leucocyte (PMN) cells/mm3 
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of ascitic fl uid is diagnostic of this condition, and should initiate treatment with 
broad-spectrum antibiotics (Gines et al., 2004a). Despite the use of sensitive 
methods of ascitic fl uid culture, concentrations of bacteria in ascitic fl uid are low 
in SBP. Consequently 20–40% of patients diagnosed with SBP with a high PMN 
count are culture negative (Cardenas et al., 2006). Nonetheless it is strongly rec-
ommended that 10 mL of ascitic fl uid collected under sterile conditions should be 
directly inoculated into each culture bottle with media for both anaerobic and 
aerobic bacteria.

The treatment of choice for SBP is 5 days of third-generation non-nephrotoxic 
cephalosporins such as cefotaxime or quinolones. This is due to their broad anti-
biotic coverage, high effi ciency and few side effects. Additionally, treatment with 
these antibiotic regimes has an incidence of 90% SBP resolution (Cardenas et al., 
2006). As the incidence of SBP recurrence during the subsequent year is 40–70%, 
all patients with SBP should be considered for referral for liver transplantation 
(Moore and Aithal, 2006). Due to the associated high mortality of SBP, the use 
of long-term prophylactic antibiotics has been suggested to reduce the rate of 
recurrence, however this has been linked to the development of antibiotic-resistant 
organisms (Gines et al., 2004a).

The rapid onset of type 1 hepatorenal syndrome (HRS) in patients with SBP is 
associated with a hospital mortality of between 40–78% (Fasolato et al., 2007). 
Therefore as the underlying pathogenesis is linked to worsening circulatory distur-
bances and increased ineffective circulatory volume, the use of human albumin 
solution (1.5 g/kg on diagnosis of infection and 1 g/kg at 48 hours) in addition to 
antibiotic therapy has been shown to reduce the incidence of HRS from above 
30% to 10% (Moore and Aithal, 2006).

Hyponatraemia

Dilutional hyponatraemia in cirrhosis is defi ned as a serum sodium concentration 
<130 mmol/L in the setting of an expanded cellular fl uid volume. This is usually 
substantiated by the presence of ascites and/or oedema (Cardenas and Gines, 
2005a). The prevalence of hyponatraemia in hospitalised patients with cirrhosis 
and ascites is estimated to be 30–35%, and is attributed to either diuretic therapy 
or haemodilution. In the absence of diuretic therapy dilutional hyponatraemia is 
indicative of a reduced survival (Porcel et al., 2002).

Dilutional hyponatraemia occurs as a result of the inability of patients to adjust 
the amount of water excreted in urine to that taken in (Sherlock and Dooley, 
2002). The underlying pathophysiology is related to arterial vasodilation seen in 
patients with portal hypertension and liver cirrhosis which leads to arterial under-
fi lling and the activation of the body’s compensatory systems: the RAAS, SNS and 
baroreceptor stimulation of the non-osmotic release of arginine vasopressin (AVP). 
Control of the volume of water passed in the urine depends on the amount of 
water reabsorbed in the renal tubules and collecting ducts which is under the direct 
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control of AVP. Therefore water retention in cirrhosis and ascites is due to excess 
vasopressin, stimulated by baroreceptors as a consequence of arterial vasodilation 
and arterial underfi lling (Sherlock and Dooley, 2002).

The management of hyponatraemia secondary to diuretic therapy is primarily 
dependent on the patient’s serum sodium levels and includes both fl uid restriction 
to 1000 mL/day and the discontinuation of diuretics. Moore and Aithal (2006) 
suggest that patients with a serum sodium >126 mmo/L, can be managed without 
both water restriction and continuation of diuretic therapy, providing that renal 
function is neither deteriorating nor has signifi cantly deteriorated during diuretic 
therapy. In patients with serum sodium of 121–125 mmol/L the opinions regarding 
treatments are at variance, with support for both discontinuation and continuation 
of diuretic therapy. However most experts unanimously support stopping diuretics 
if the serum sodium is <120 mmol/L. If the serum creatinine is >150 μmol/L the 
use of colloid plasma expanders has been advocated to preserve renal function 
(Moore and Aithal, 2006). Imposing fl uid restriction on patients with hypona-
traemia prevents further increases in total body water. Nevertheless, whilst this 
prevents a further decrease in serum sodium levels, fl uid restrictions are not very 
effective in increasing serum sodium levels (Cardenas and Gines, 2005a).

Pharmacological therapies for dilutional hyponatraemia in cirrhosis have pri-
marily focused on AVP inhibition (Cardenas and Gines, 2005a). Preliminary 
aquaretic therapies of vasopressin 2 receptor antagonists in the use of hyponatrae-
mia look promising and are probably safe at low doses. Whether these improve 
overall mortality or morbidity is not yet known (Moore and Aithal, 2006).

Cirrhotic patients do not usually have symptoms from hyponatraemia until the 
sodium is <110 mmol/L or unless the decline in sodium is very rapid (Runyon, 
2004). As a rapid correction of serum sodium poses a threat of producing pontine 
and extrapontine myelinolysis, the correction of hyponatraemia must be done 
slowly, avoiding increasing serum sodium >12 mmol/L over 24 hours (Cardenas 
and Gines, 2005b; Moore and Aithal, 2006).

Hepatorenal syndrome

Hepatorenal syndrome (HRS) is a unique form of functional renal failure without 
an identifi able renal pathology, that develops in 10% of patients with advanced 
cirrhosis or acute liver failure (Cardenas et al., 2006). Once patients develop HRS, 
spontaneous recovery of renal function without treatment is less than 5% 
(Sherlock and Dooley, 2002).

There are no specifi c tests for the diagnosis of HRS. Therefore the diagnosis is 
primarily based on excluding any other common causes of renal failure found in 
liver cirrhosis such as acute kidney injury secondary to hypovolaemia, volume 
depletion due to diuretics, vomiting or diarrhoea, or nephrotoxicity associated with 
both non-steroidal anti-infl ammatory drugs (NSAIDs) and aminoglycoside anti-
biotic therapy or glomerulonephritis associated with hepatitis B and C (Cardenas 
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et al., 2006). The International Ascites Club (IAC) proposes both major and addi-
tional diagnostic criteria for the diagnosis of HRS (Table 5.3). All the major criteria 
must be present for the diagnosis of HRS; the additional criteria, whilst not neces-
sary for a diagnosis, can be benefi cial in providing some supporting evidence 
(Arroyo et al., 1996).

The International Ascites Club have categorised HRS into types 1 and 2. Patients 
with type 1 HRS have a rapid progression (less than 2 weeks) of renal failure with 
doubling of the initial serum creatinine to >220 μmol/L (2.5 mg/dL), or a 50% 
reduction of the initial clearance to less than 20 mL/min (Cardenas et al., 2006). 
Until the recent advances in therapeutic treatments, the median survival of patient 
with type 1 HRS was only 1.7 weeks, with only 10% surviving more than 3 months 
(Gines et al., 2003). Patients who have a slower decline in renal function are classed 
as type 2 HRS.

The underlying pathogenesis of HRS is related to vasoconstriction of the renal 
circulation (Figure 5.4). However the precise mechanisms are unclear and are 
believed to be multifactoral, involving disturbances of circulatory function and the 
systemic and renal vasoactive mechanisms (Marik et al., 2006). Renal perfusion 
is dependent on adequate arterial blood pressure which is already reduced in cir-
rhosis. Consequently the RAAS, SNS and AVP are already stimulated in 80% of 
patients with cirrhosis, and are further elevated in HRS as hepatic function declines 
(Moore, 2000). These result in a reduction of renal function due to renal vasocon-
striction, renal hypoperfusion and reduced glomerular fi ltration rate (GFR), and 
increased sodium and water absorption (Gines, 2003). Conversely, recent clinical 
data suggest that type 1 and type 2 HRS are different syndromes and not different 
expressions of a common underlying disorder. This is primarily due to the fact 
that renal failure in HRS type 1 is severe and progressive, mimicking acute kidney 

Table 5.3 International Ascites Club diagnostic criteria for HRS. Adapted from Moore (2000).

Major criteria
Low glomerular fi ltration rate, as indicated by serum creatinine >130 μmol/L (1.5 mg/dL) or 24-hour 

creatinine clearance <40 mL/min 
Absence of shock, ongoing bacterial infection, fl uid losses and current treatment with nephrotoxic 

drugs
No sustained improvement in renal function (decrease in serum creatinine <130 μmol/L (1.5 mg/dL) 

or increase in creatinine clearance >40 mL/min) following diuretic withdrawal or an expansion of 
plasma volume with 1.5 L of plasma expander

Proteinuria lower than 500 mg/day and no ultrasonographic evidence of obstructive uropathy or 
parenchymal renal disease

Additional/minor criteria
Urine volume <500 mL/day
Urine sodium <10 mmol/L (10 mEq/L)
Urine osmolarity greater than plasma osmolarity 
Urine red blood cells less than 50 per high power fi eld
Serum sodium concentration <130 mmol/L
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injury seen in other conditions, e.g. sepsis. In contrast renal impairment seen in 
type 2 is moderate and steady (Arroyo et al., 2007).

Treatment of HRS

The initial management of these patients requires an exclusion of reversible or 
treatable conditions such as bacterial infection, gastrointestinal bleeding, and 
aggressive paracentesis leading to post-paracentesis circulatory dysfunction. The 
benefi ts of administering human albumin solution in conjunction with antibiotic 
therapy in SBP have already been described. Established treatment therapies for 
HRS primarily aim at reversing the splanchnic vasodilation and subsequent renal 
vasoconstriction, and include vasoconstrictors with additional plasma expansion, 
TIPS or liver transplantation.

Severe liver disease and severe portal
hypertension  

Severe splanchnic arterial
vasodilation 

Marked
activation of
SNS, RAAS
and ADH

Increased
intrarenal
vasodilation

Moderate and steady
renal

vasoconstriction

Type 2 HRS 

Renal ischaemia 

Acute impairment of circulatory
function  (i.e. SBP)

Decreased intrarenal
vasoconstriction

Type 1 HRS 

Increased
intrarenal

vasodilation

Figure 5.4 Pathogenesis of type 1 and 2 HRS. Reprinted from Friedman L, Keeffe E (2004) Pathogenesis 
of hepatorenal syndrome. Handbook of Liver Disease 2nd edn. p.166 with permission from Elsevier. 
(SNS = sympathetic nervous system; RAAS = renin–angiotensin–aldosterone system; ADH = antidiuretic 
hormone; SBP = spontaneous bacterial peritonitis).
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Terlipressin (glypressin), a synthetic analogue of vasopressin, is the most fre-
quently used and studied vasoconstrictor employed in the treatment of HRS. Used 
in combination with human albumin as a volume expander, terlipressin has dem-
onstrated an improvement of renal function and normalisation of serum creatinine 
(Cardenas et al., 2006). Whilst there are no standard treatment guidelines, terlip-
ressin is usually administered intravenously at a dose of 0.5–2 mg every 4–6 hours. 
The end point of therapy is usually a maximum of 15 days of treatment, or 
a serum creatinine <130 μmol/L (1.5 mg/dL). Terlipressin is usually given in 
conjunction with 20–40 g/day of intravenous human albumin solution.

Whilst urine volume tends to increase within 12–24 hours of terlipressin admin-
istration, improvement in GFR occurs slowly over several days. HRS recurrence 
is uncommon in patients responding to terlipressin therapy (Gines et al., 2003). 
Patients receiving terlipressin should have daily ECGs and regular monitoring of 
their limbs, neurological status and for abdominal pain to assess for potential 
ischaemic side effects. Discontinuation of therapy due to ischaemic side effects 
occurs in 5–10% of patients (Gines et al., 2003).

Other pharmacological agents such as α-adrenergic agonists noradrenaline (nor-
epinephrine) and midodrine have demonstrated some success in the treatments of 
HRS (Alessandria et al., 2007). The use of oral tumour necrosis factor (TNF) 
inhibitor pentoxfylline has been shown to reduce the incidence of HRS in patients 
with acute alcoholic hepatitis (Cardenas et al., 2006).

Transjugular intrahepatic portosystemic shunt

Portal decompression following TIPS insertion results in a reduction in RAAS and 
SNS activity, consequently this reduces renal vasoconstriction and improves renal 
function. Although uncontrolled studies suggest that TIPS improves prognosis in 
HRS type 1 and type 2, the real impact of survival remains to be assessed (Cardenas 
et al., 2006).

Until comparative studies are undertaken, vasoconstrictors appear to be the 
treatment of choice in type 1 HRS because of the similar effi ciency, wider avail-
ability and lower costs than TIPS (Gines et al., 2003). Additionally vasoconstrictor 
drugs can be given to most patients with HRS, regardless of the severity of the 
liver failure and can be used in all clinical settings (Gines et al., 2004b).

Renal replacement therapy

The effi ciency of haemodialysis or continuous renal replacement therapy has not 
been adequately assessed in patients with HRS, therefore renal support should only 
be offered when there is a real chance of hepatic regeneration, hepatic recovery or 
a realistic chance of a liver transplant; as it only serves to prolong the terminal 
illness (Moore, 2000). Whilst newer treatments, such as extracorporeal albumin 
dialysis, have been shown to improve systemic haemodynamics and reduce the 
plasma levels of renin in type 1 HRS, due to the ability to remove albumin-bound 
substances, further research is needed to validate these fi ndings.
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Liver transplantation

Whilst the other outlined treatment options may improve short-term survival the 
only effective and permanent treatment for HRS in patients with end-stage liver 
disease is liver transplantation, as this allows both the disease and the associated 
liver disease to be cured. The main problem in the use of liver transplantation for 
type 1 HRS in patients with liver cirrhosis is that many patients die before trans-
plantation is possible either because of their short-term survival expectancy or 
current long waiting lists for a suitable organ; consequently liver transplantation 
is more commonly seen in patients with type 2 HRS (Gines et al., 2003).

Chapter summary

This chapter has examined the pathogenesis and management of ascites in liver 
cirrhosis and the allied complications of spontaneous bacterial peritonitis, hypo-
natraemia and hepatorenal syndrome. Whilst the understanding of the underlying 
pathogenesis and management strategies have vastly improved over the last few 
decades, liver transplantation remains the only viable treatment option for long-
term survival.

Illustrative case study

A 37-year-old man presented with a 4-week history of jaundice (serum bilirubin 
212 μmol/L), INR of 1.38, with abdominal tenderness, a recent loss of appetite 
with unquantifi able weight loss, and fatigue. He had no previous medical history, 
but reported drinking heavily over the last 6 months due to stress and fi nancial 
problems. His alcohol intake had increased from 20 to 140 units per day. His 
physical examination revealed hepatosplenomegaly, with a soft palpable abdomen. 
There were no other stigmata of chronic liver disease noted. The patient was 
diagnosed with decompensated alcoholic liver disease and acute alcoholic hepatitis. 
The discriminate function was calculated at 41.8 (please refer to Chapter 7 for 
further details).

A full liver disease aetiology screen was negative for any other causes of liver 
disease, and an abdominal ultrasound scan ruled out any obstructive causes of 
jaundice and confi rmed his hepatosplenomegaly. The patient’s remaining liver 
function tests of AST, ALT, alkaline phosphatase and GGT were consistent with 
the diagnosis of acute alcoholic hepatitis.

The patient’s renal profi le on admission was deranged with a serum creatinine 
of 196 μmol/L (normal value 35–135 μmol/L) and urea 28.9 mmol/L (normal 
value <7 mmol/L). His urine output was poor and he continued to become anuric, 
despite 2 L of intravenous colloid. The patient was cardiovascularly stable and had 
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no other risk factors for renal impairment. However, over the next 24 hours his 
renal function continued to decline and his serum creatinine increased to 
262 μmol/L.

With an additional diagnosis of type 1 HRS the patient was commenced with 
intravenous terlipressin 0.5 mg q6h with an adjunct of 20 g of intravenous human 
albumin solution daily, and was transferred to a regional liver centre. For his severe 
alcoholic hepatitis he commenced on oral pentoxfylline 400 mg q8h and oral 
prednisolone. The patient continued on intravenous terlipressin therapy for 5 days 
until his serum creatinine was below 130 μmol/L. His serum creatinine continued 
to normalise and he was discharged home with normal renal function 10 days later 
(Figure 5.5).

As this case study demonstrates, type 1 HRS was once considered a terminal 
illness due to the high mortality, but recent advances in pharmacological therapies 
have enabled the reversal of HRS, allowing patients to regain normal renal func-
tion, without necessitating renal replacement therapies.
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6Hepatic encephalopathy

Introduction

Hepatic encephalopathy is the neurological impairment seen as a complication of 
acute and chronic liver disease. The three main theories of its pathophysiology will 
be discussed whilst others are summarised. The commonly recognised classifi cation 
score for hepatic encephalopathy is described highlighting how the clinician may 
use it in their assessment of the disorder. The current treatments of encephalopathy 
are discussed. Specifi c considerations for the critical care management of hepatic 
encephalopathy secondary to acute liver failure are described in Chapter 13.

Defi nition

Hepatic encephalopathy has been described as a reversible impairment of cognitive 
function or level of consciousness in patients with liver disease or portosystemic 
shunts (Voigt and Conn, 1995). Ferenci et al. (2002) add that it occurs after exclu-
sion of other brain disease in patients with both neuropsychiatric disorders and 
liver disease.

When liver function deteriorates the detoxifi cation processes become impaired 
and shunting of blood occurs around the liver. This metabolic derangement re-
sults in an accumulation of neurotoxic products, primarily from the gut. These 
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neurotoxins leak into the systemic circulation, reaching the brain and causing 
damage to the nervous system, which precipitates hepatic encephalopathy.

Pathophysiology of hepatic encephalopathy

Three main theories have been proposed to explain the development of hepatic 
encephalopathy in patients with liver failure. These are:

� Ammonia theory
� Gamma-amino butyric acid (GABA)/benzodiazepine theory
� False neurotransmitter theory

Each of these has been examined as a cause for hepatic encephalopathy; however 
they may work synergistically to produce the effect of disordered consciousness. 
Other theories have been proposed (Table 6.1); these will not be reviewed due to 
limited evidence.

Ammonia hypothesis

This is the most popular hypothesis and is based on the accumulation of ammonia 
as a direct consequence of liver dysfunction. Evidence reinforcing this includes the 

Table 6.1 Summary of the proposed hypotheses for the pathogenesis of hepatic encephalopathy.

Proposed hypotheses Pathogenesis

Ammonia Increased levels arise due to failure to be eliminated through the urea 
cycle within the dysfunctional liver. Hyperammonaemia has 
neurotoxic effects

GABA/benzodiazepines Increased levels of GABA (the main inhibitory neurotransmitter in the 
brain) are found in liver dysfunction. Receptor sites for GABA are 
competed for by increased endogenous benzodiazepines causing 
neuroinhibition

False neurotransmitter theory 
(dopamine/norepinepherine)

In liver dysfunction weak neurotransmitters are produced from 
increased activity of gut bacteria on protein and production of 
aromatic amino acids. These replace true transmitters such as 
dopamine

Glutamate Increased ammonia levels bind with glutamate and this saturation 
causes glutamate neurotransmitter dysfunction

Serotonin Serotonin synthesis is increased by tryptophan levels in the plasma of 
patients with liver disease and infl uences the control of sleep–
wake cycle

Manganese The liver fails to excrete manganese effectively in cirrhosis. Raised 
levels cause a decrease in dopamine receptors which may illicit 
Parkinsonian features
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clinical observation that treatments decreasing blood ammonia levels can improve 
hepatic encephalopathy symptoms. This theory has been contested, because 10% 
of patients with signifi cant encephalopathy have normal serum ammonia levels 
(Sherlock and Dooley, 2002). Furthermore many patients with cirrhosis and 
elevated ammonia levels do not have encephalopathy (Nicolao et al., 2003). 
Many studies have been performed to prove this theory as a cause for hepatic 
encephalopathy, but they remain inconclusive (Faint, 2006).

The elimination of ammonia is a normal hepatic metabolic process using gut-
derived enzymes to cleave it from proteins such as amines, amino acids, purines 
and pyrimidines. These enzymes are produced by normal gastrointestinal tract 
fl ora and catalyse deamination. In the liver, ammonia is either converted to urea 
or consumed in the conversion from glutamate (an excitatory neurotransmitter 
and precursor for GABA synthesis) to glutamine during the urea cycle. When 
hepatocyte function is impaired, ammonia and glutamine accumulate causing 
hyperammonaemia.

The effect of hyperammonaemia is exacerbated in liver dysfunction as portosys-
temic shunting diverts the ammonia into the systemic circulation. The skeletal 
muscle and kidneys metabolise and excrete ammonia to an extent by forming 
glutamine with the enzyme glutamine synthetase. In liver impairment the activity 
of this enzyme in muscle increases. However, in chronic cirrhosis muscle wasting 
is common so the amount of enzyme is less.

Increasing alkalosis contributes to rising ammonia levels (Yurdaydin, 2003) as 
hyperammonaemia stimulates the respiratory centre, resulting in respiratory alka-
losis. Any reduction in urea cycle activity further increases bicarbonate and 
ammonia levels, worsening both alkalosis and hyperammonaemia.

The neurotoxic effects of ammonia include infl uencing brain function by impair-
ing amino acid metabolism and energy use within the brain. It is also believed to 
affect astrocyte cells. These maintain electrolyte homoeostasis, provide neurotrans-
mitter precursors and nutrients to the neurons and have a role in detoxifi cation. 
An accumulation of neurotoxins, such as ammonia, can cause changes to the 
astrocytes as the neurotoxins gain access to the brain and infl uence regulation of 
the blood–brain barrier permeability. In acute liver failure (ALF) astrocytes appear 
to swell, contributing to cerebral oedema, whereas in chronic liver failure alongside 
the swelling, changes in the cell composition also appear to occur (Butterworth, 
1999) similar to those seen in Alzheimer’s disease. The swelling of astrocytes sec-
ondary to hyperammonaemia stimulates an increase in the synthesis of neuro-
steroids (Haussinger et al., 2000) which are believed to bind to GABA receptor 
complexes.

The gamma-amino butyric acid theory

GABA is an important inhibitory neurotransmitter that prevents excessive neuro-
stimulation (Park and Navapurkar, 1994). It is produced in the gastrointestinal 
tract from glutamate and binds to the GABA receptor complex within the brain, 
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which also has binding sites for benzodiazepines and barbiturates. Any binding 
with this site opens a chloride channel; the resulting changes in chloride levels 
stimulate neuroinhibition. These chloride channels are similarly infl uenced by 
hyperammonaemia (Jalan and Hayes, 1997; Haussinger et al., 2002; Sherlock and 
Dooley, 2002).

Although accumulation of GABA may contribute to encephalopathy, the role 
of the GABA receptor complex suggests endogenous benzodiazepines may also be 
implicated. Studies into the effi cacy of fl umazenil, a benzodiazepine receptor antag-
onist, reinforce this supposition, however study fi ndings are at variance (Sherlock 
and Dooley, 2002).

False neurotransmitter theory

The false neurotransmitter theory suggests substances, such as phenylethanol-
amine, tyramine and octopamine, are generated by bacterial action in the colon. 
These are believed to inhibit cerebral neurotransmission by replacing the true 
transmitter, for example, resulting in reduced dopamine production. Changes to 
precursors of neurotransmitters may also be implicated, as levels of aromatic 
amino acids are increased in liver failure and branched-chain amino acids levels 
are decreased. The signifi cance of these two groups of amino acids is they compete 
for uptake by the brain and create an imbalance in the permeability of the blood–
brain barrier, predisposing to a vasogenic cause of cerebral oedema. The presence 
of aromatic amino acids is also thought to promote synthesis of the inhibitory 
transmitter, serotonin.

Other factors

Infl ammation and sepsis has also been implicated as a contributory factor in the 
development and severity of encephalopathy (Rolando et al., 2000) exerting an 
infl uence on any of the proposed theories. Clearly, there are many overlaps between 
these theories reinforcing the supposition that they act synergistically to produce 
cerebral intoxication as a consequence of metabolic derangement.

These pathophysiological changes result in increased blood–brain barrier permea-
bility and astrocyte swelling, raising the potential for cerebral oedema secondary 
to encephalopathy in the patient with ALF. Cerebral oedema is a complication 
which causes an increase in volume and pressure within the cranium with the 
potential for cerebral herniation or coning resulting in brainstem death.

Classifi cation of hepatic encephalopathy

Hepatic encephalopathy has been defi ned into three types by a working party at 
a landmark conference (Ferenci et al., 2002):
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� Encephalopathy associated with acute liver failure. This is associated with 
cerebral oedema and raised intracranial pressure. It can develop rapidly in 
patients with acute liver failure and may lead to brainstem herniation and 
death (Knawy, 2004)

� Encephalopathy associated with portosystemic bypass and no intrinsic hepato-
cellular disease. Portosystemic shunts are generally associated with cirrhosis 
in liver failure, but may also occur without liver disease, such as following 
portocaval shunt surgery. This can be severe and intractable (Krige and 
Beckingham, 2001)

� Encephalopathy associated with cirrhosis and portal hypertension or porto-
systemic shunts

This was further subdivided by Ferenci et al. (2002):

� Episodic encephalopathy which fl uctuates in severity. It may be precipi-
tated by recognised precipitating factors, or may occur spontaneously. 
Recurrent encephalopathy is defi ned as where more than two episodes of 
episodic encephalopathy occur in 1 year

� Persistent encephalopathy where cognitive defi cits have a negative impact 
on social and occupational functioning. This may be mild and only recog-
nised by psychometric or neurophysiological testing, or severe according 
to the degree of autonomy (Blei and Cordoba, 2001). Patients with persis-
tent encephalopathy may be treatment dependent where symptoms rapidly 
increase if there is any discontinuation in treatment (Ferenci et al., 2002)

� Minimal encephalopathy is diagnosed in 30–80% of patients with liver 
cirrhosis (Knawy, 2004). This is demonstrated by psychometric tests and 
is signifi cant as it will affect the patient’s ability to be able to work and 
function normally at home

Quantifying the degree of hepatic encephalopathy can be diffi cult as diagnosis 
can be subjective. The West Haven grading system is commonly used and is based 
on changes in consciousness, intellectual function and behaviour (Table 6.2). 
Patients can be assessed for changes in their mental state using this or similar tools. 
Interpretation of the grades can, however, be subjective. In severe hepatic encepha-
lopathy the use of the Glasgow coma score in addition to the grading system may 
help to quantify neurological impairment (Ferenci et al., 2002).

Diagnosis and investigations

Diagnosis of encephalopathy is made by clinical examination including a history 
of liver disease. There are no specifi c diagnostic investigations, although certain 
tests may be required to exclude any other cause. The neurological assessment and 
investigations that may be required are summarised in Table 6.3.

Laboratory results may show hepatic dysfunction, such as abnormal liver func-
tion tests and a raised PT/INR. Measurement of ammonia levels may be carried 



Table 6.2 West Haven criteria for semiquantative grading of mental state. Reproduced from Ferenci 
P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT (2002) Hepatic encephalopathy: defi nition, 
nomenclature, diagnosis, and quantifi cation. Final report of the working party at the 11th World 
Congresses of Gastroenterology, Vienna 1998. Hepatology 35:716–721 with permission from John 
Wiley and Sons.

Grade of hepatic encephalopathy Clinical signs and symptoms

Grade 1 Trivial lack of awareness
Euphoria or anxiety
Shortened attention span
Impaired performance of addition

Grade 2 Lethargy or apathy
Minimal disorientation for time or place
Subtle personality change
Inappropriate behaviour
Impaired performance of subtraction

Grade 3 Somnolence to semi-stupor, but responsive to verbal stimuli
Confusion
Gross disorientation

Grade 4 Coma (unresponsive to verbal or noxious stimulation)

Table 6.3 Summary of neurological assessment and investigations in hepatic encephalopathy.

Neurological examination

Mental function Orientation to time, place and person
Changes in sleep–wake cycle (daytime sleeping with nocturnal 

waking)
Cognitive changes apparent by decreasing ability to care for 

themselves
West Haven criteria (Ferenci et al., 2002) and Glasgow coma score

Motor function Cranial nerve function usually normal, although dysarthria where the 
patient has diffi culty with speech may be present

Evidence of increased tone and possibly tremors
A ‘fl apping’ tremor (asterexis) may be present when the patient’s arms 

are outstretched by rapid fl exion–extension movements at the 
metacarpophalangeal and wrist joints (Sherlock and Dooley, 2002)

Sensory function Sensory changes are unusual and therefore other diagnoses should be 
considered if present

Investigations

CT scan Can confi rm the absence of a space-occupying lesion such as tumour 
or bleed

May show mild cerebral atrophy, generally in patients with alcohol-
related cirrhosis

In ALF may confi rm presence of cerebral oedema, but is not routinely 
used

Lumbar puncture May be required to rule out infection such as encephalitis

Electroencephalogram (EEG) Changes may be present in encephalopathy of grade 2 or above. This 
is not conclusive evidence however as changes not specifi c to 
hepatic encephalopathy
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out when making the initial diagnosis, although continued readings are not con-
sidered to be of any value in chronic liver disease patients (Blei and Cordoba, 
2001). However, in ALF arterial ammonia levels >150 μmol/L have been associ-
ated with intracranial hypertension, so are useful in identifying patients who are 
at risk of cerebral complications (Clemmesen et al., 1999).

In advanced chronic liver disease encephalopathy is generally caused by precipi-
tating events, such as a recent gastrointestinal bleed or sepsis (Table 6.4). Evidence 
of these precipitating factors should be specifi cally sought during examination and 
investigation to help with diagnosis.

Early signs of encephalopathy may include changes in personality and behaviour 
that may be subtle. As the encephalopathy progresses there may be an increase in 
apathy and inability to concentrate. These discrete changes in a patient’s condition 
require the medical and nursing teams to be particularly observant and use of the 
encephalopathy grading system to help monitor changes.

Treatment and management of hepatic encephalopathy

The management of encephalopathy secondary to both acute and chronic liver 
failure involves the treatment and prevention of its precipitants and reduction of 
circulating ammonia levels. There are specifi c additional considerations concerning 
ALF which are discussed separately.

Treatment and prevention of precipitants

Sepsis

Rising ammonia levels in the blood resulting from increased tissue catabolism in 
sepsis may worsen encephalopathy. Patients with chronic ascites in liver disease 
are at risk of developing spontaneous bacterial peritonitis, the management of 
which is discussed in Chapter 5.

Reducing risk factors for infection through good infection control practice is 
essential. Dellinger et al. (2004) describe guidelines for the management of severe 

Table 6.4 Risk factors for developing hepatic encephalopathy.

Level of risk Risk factor

Low risk Chronic hepatic failure but stable
Medium risk Decompensated hepatic failure:

� Sepsis
� Recent gastrointestinal bleed
� Renal failure

High risk Acute liver failure, e.g. acetaminophen (paracetamol) overdose
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sepsis and septic shock. These guidelines, although not produced specifi cally for 
this group of patients, describe the same principles that are required. A full septic 
screen should be undertaken as soon as infection is suspected and should include 
an ascitic tap. Empirical antibiotic therapy may be started once cultures have been 
taken and should be reviewed regularly with microbiology advice. Preserving the 
integrity of the gut wall to decrease the risk of gut bacterial translocation can also 
help reduce sepsis (Buckley and MacFie, 1997) and this can be achieved by main-
taining enteral feeding in mechanically ventilated patients.

Constipation

Constipation will increase the production and absorption of ammonia from the 
gut, and must therefore be avoided. Current treatment of encephalopathy assumes 
ammonia is mainly produced by colonic bacteria in the gut, so bowel cleansing 
could theoretically help reduce encephalopathy by reducing ammonia levels. The 
evidence to support this is limited; however the use of lactulose to treat and prevent 
encephalopathy is common practice (Shawcross and Jalan, 2005). Dosages of 
lactulose should be adjusted so that the patient has two to four semi-soft stools a 
day (Blei and Cordoba, 2001). This will require careful monitoring as excessive 
diarrhoea could worsen electrolyte imbalance. Phosphate enemas may be used for 
patients unable to tolerate oral lactulose although staff must be aware of the risk 
of rectal injuries and hyperphosphataemia (Davies, 2004).

Gastrointestinal bleeding

The presence of blood in the upper gastrointestinal tract can increase the absorp-
tion of ammonia and nitrogen from the gut which is thought to contribute to 
hepatic encephalopathy (Knawy, 2004). Treatment and prevention of upper gas-
trointestinal bleeding are important, as is ensuring adequate clearance of blood 
from the gut, with the use of lactulose and/or with phosphate enemas.

Renal failure

Renal impairment is another risk factor for encephalopathy, probably due to 
decreased clearance of nitrogenous substances including ammonia and urea. 
Common causes are sepsis, dehydration and hepatorenal syndrome. Treatment of 
the cause of renal impairment and renal replacement therapy when appropriate 
are important management strategies.

Fluid and electrolyte disturbances

Cirrhotic patients may become hypokalaemic as a result of losing potassium 
through vomiting, diarrhoea and through poor dietary intake. Hypokalaemia will 
be accompanied by extracellular alkalosis which it is thought contributes to renal 
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synthesis and release of ammonia (Conn, 1994). Hypokalaemia can be avoided 
with intravenous or oral supplements when indicated. Potassium and sodium 
depletion may occur with diuretics and the diuresis may reduce hepatic blood fl ow 
which is also thought to contribute to encephalopathy. Diuretics should therefore 
be used with extreme care in those with liver failure.

Avoidance of sedatives

Some analgesics, barbiturates and other sedatives can induce encephalopathy 
(Krige and Beckingham, 2001). Managing patients with hepatic encephalopathy 
can be challenging as they may become confused and agitated, however unneces-
sary sedation should be avoided as it will exacerbate their neurological impair-
ment. The use of appropriate benzodiazepine regimes for alcohol withdrawal 
syndrome is discussed in Chapter 7.

Ammonia reduction

Nutrition
There has been some debate about methods for reducing ammonia through dietary 
protein restriction. However, Cordoba et al. (2004) demonstrated that ensuring 
patients receive enough dietary protein could help reduce hepatic encephalopathy; 
therefore protein restriction is not advocated. Nutritional recommendations com-
piled by the European Society for Clinical Nutrition and Metabolism (ESPEN) 
suggest this may be achieved by providing supplements by both oral and enteral 
tube feeding (Plauth et al., 2006). When nutritional requirements are not met, 
nitrogenous products from muscle breakdown for gluconeogenesis may exacerbate 
hepatic encephalopathy. Meeting the patients’ nutritional requirements can be 
particularly challenging, and are discussed further in Chapter 14.

Pharmacological and other treatments
There are various other tested treatments for hepatic encephalopathy which may 
be used whilst debate into their effectiveness continues. These are included in the 
treatment summary shown in Table 6.5.

General care and ongoing assessment

When caring for a patient with liver disease it is important to include neurological 
assessment as part of their ongoing care to detect any change. Some patients may 
live with a degree of encephalopathy manifested with short-term memory loss or 
sleep disturbances. Others may rapidly deteriorate over a few hours, such as in 
acute liver failure. When caring for a patient with liver disease an awareness of 
the risk factors for encephalopathy can help to identify those at greatest risk. This 
will highlight those patients requiring particularly close monitoring.
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Nursing these patients may be challenging as they may become confused and 
uncooperative. Sedation or analgesia could depress the patient’s neurological state 
further, whereas sleep deprivation or steroids may induce confusion and behaviour 
disturbances. Close observation of electrolytes and blood glucose are required as 
abnormalities may lead to neurological impairment and require correction. Endo-
tracheal intubation may be required if the patient either becomes unmanageable 
or if the airway is compromised.

Hepatic encephalopathy in acute liver failure

With acute liver failure the rate of onset and progression of encephalopathy can 
be varied and unpredictable. The onset of encephalopathy marks the presence of 
true acute liver failure, and is often a determining factor in deciding on the need 
for transplantation. The key to caring for these patients is identifi cation of the 
cause of acute liver failure and appropriate treatment. Initially this includes close 
observation and assessment of the subtle changes in their conscious level. As the 
patients’ level of consciousness and activity deteriorates, assessment of physiologi-
cal dynamics becomes necessary. It is at this point that patients with acute liver 
failure should be transferred to a critical care setting.

Patients who are approaching grade 3–4 hepatic encephalopathy have an 80% 
risk of developing cerebral oedema (Bersten et al., 2003); of these 35% may die 
due to brainstem herniation (Bernal and Wendon, 2004). The management of 
these patients then becomes focused on maintaining the integrity of the brain and 
its normal physiological functioning. The overall aim is to minimise fl uctuations 
in cerebral blood fl ow achieved by managing the patient’s mechanical ventilation, 

Table 6.5 Treatment options in hepatic encephalopathy.

Treatment Mode of action

Probiotics Used in dietary management. Modifi es gut fl ora, reducing 
ammonia

Lactulose Reduces absorption of ammonia from the gut
L-ornithine-L-aspartate Stimulates urea cycle resulting in loss of ammonia
Sodium benzoate Promotes urinary excretion of ammonia
Levodopa and bromocriptine Correction of defect in dopamine neurotransmission
Flumazanil A benzodiazepine receptor antagonist which has shown some 

improvement in patients with hepatic encephalopathy
Branched-chain amino acid Used to counterbalance the ratio defi cit between branched-chain 

amino acid and aromatic amino acid
Molecular Adsorbents 

Recirculating System (MARS)®
Extracorporeal blood detoxifi cation of toxins such as ammonia. 

Used as bridge to liver transplantation in fulminant liver failure
Zinc As a cofactor of all fi ve enzymatic reactions in the urea cycle. 

Improvements in hepatic encephalopathy are especially noted 
in malnutrition



Hepatic encephalopathy 89

haemodynamics, positioning and other interventions as shown in Table 6.6. Further 
management strategies are discussed in detail in Chapter 13.

Chapter summary

Liver failure associated with hepatic encephalopathy in cirrhosis is responsible for 
approximately 20% of deaths from this disease (Youssef and McCullough, 2004). 
The degree of encephalopathy will correlate with the severity of the liver disease. 
Patients and their families may need to be realistic about a life-threatening illness. 
Decisions about possible transplantation may need to be made, or how far to 
continue treating a patient with multi-organ failure. Other patients with minimal 
hepatic encephalopathy may need to adapt to living with a degree of neurological 
impairment.

Illustrative case study

Mr R was a 41-year-old married man with two children. He had presented to the 
hospital 7 months earlier when he was diagnosed with alcoholic liver disease and 
had since abstained. He was admitted to the hepatology ward for treatment of his 
ascites 2 weeks before transfer to the high dependency unit (HDU) when his 
general condition had deteriorated. His blood results on admission to the HDU 
are illustrated in Table 6.7.

Table 6.6 Summary of key points from recommendations (O’Neal 
et al., 2006).

Frequent neurological assessment:
� Pupillary reaction
� Close observation for seizure activity
� Transient episodes of cardiovascular instability
Adequate sedation
Suction as clinically indicated
Mild permissive hypocapnia
Application of ventilator care bundle:
� 30 degrees head elevation
� DVT prophylaxis
� Stress ulcer prophylaxis
Haemodynamic monitoring
Antifungal and antibiotic prophylaxis
Induced hypothermia
Management of renal failure
Tight glucose control
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A full assessment was undertaken on transfer to the HDU. He was found to 
have pulmonary oedema diagnosed by crackles heard on auscultation, although 
he was not dyspnoeic. He required 2 L/min of oxygen to maintain saturations 
greater than 95%. A recent history of anuria had been treated with albumin, and 
he had a central venous pressure reading of 18 mmHg. He had a pyrexia and had 
become increasingly hypotensive with a blood pressure of 90/40 mmHg and a 
tachycardia of 110 beats per minute. An increase in white cell count and infl am-
matory marker (CRP) was attributed to the presence of an infection. Blood tests 
confi rmed that he had developed renal failure with a rising creatinine and urea.

On neurological assessment he was found to be orientated to time and place, 
but appeared to have limited insight into his condition as he was frequently asking 
to go home. He was sleeping for much of the time, but intermittently had episodes 
of restlessness and some agitation. He was assessed as having grade 1 hepatic 
encephalopathy.

The deterioration in Mr R’s condition was attributed to an infection. This had 
led to increasing encephalopathy as well as deterioration in his renal function. 
Cultures were taken to ensure that he was receiving the most appropriate antibiot-
ics. His encephalopathy was managed by ensuring he opened his bowels three to 
fi ve times a day by giving him daily phosphate enemas and lactulose. It was decided 
to start haemofi ltration to reduce his uraemia which could improve his neurologi-
cal condition and also reduce oedema and enable nasogastric feeding.

During the fi rst 24 hours in the HDU his condition continued to deteriorate as 
he developed a grade 2 encephalopathy, becoming increasingly drowsy. He had a 
Glasgow coma score of 12 at this time as he was unable to obey commands and 
was more confused. Over the next few days, however, the sepsis started to resolve 
and both his cardiovascular and neurological status improved. Ten days after 
transfer to the HDU he returned to the ward, having stopped antibiotics.

On the ward he made a good physical recovery. He continued to have occasional 
episodes of confusion but was thought to have a good understanding of his condi-
tion. A CT scan was carried out of his head which excluded any other cause of 
his confusion, showing atrophic changes, no focal parenchysmal abnormality or 

Table 6.7 Blood results on admission to HDU.

Parameter Normal range On admission to HDU

Urea (mmol/L) <7.5 34.4
Creatinine (μmol/L) 35–135 198
Albumin (g/L) 30–44 28
CRP (mg/L) 0–6 21
Haemoglobin (g) 13–18 8
Platelets (×109/L) 150–450 99
WBC (×109/L) 4–11 41.4
PT (seconds) 11–14 17.2
APTT (seconds) 22.5–34.5 39.3
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haemorrhage. It was hoped that he would recover suffi ciently to be assessed for 
possible liver transplantation in the future.
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7Alcohol-related liver disease

Introduction

Alcoholic liver disease (ALD) is the commonest cause of liver cirrhosis in the 
Western world (Stewart and Day, 2003). It is suggested that across all district 
general hospitals within the UK, 80% of cases of liver cirrhosis are alcohol related 
(O’Grady, 2002).

Incidence

Previously known as Laennec’s disease, ALD has also been referred to as alcohol-
induced cirrhosis and alcohol-related liver disease. In some ways ALD is an unhelp-
ful term as it implies that developing the disease is as a consequence of being an 
alcoholic. There is no question that the relative risk of developing the disease 
increases with overall alcohol consumption (Gutjahr et al., 2001), however only 
around 20–30% of heavy drinkers will go on to develop the disease, and due to 
individual risk factors many of these patients will have been categorised as hazard-
ous or harmful drinkers, whilst many alcohol-dependent patients (alcoholics) will 
avoid cirrhosis altogether (Lieber, 1993).

There have been attempts to quantify the total amount and length of alcohol 
consumption required to precipitate onset of the disease (Table 7.1). One report 
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suggests that regular consumption of 80 g (10 units) of alcohol per day for men, 
and 60 g (7.5 units) for women over a period of 10–12 years is required, however 
it is clear that many people drink greater quantities over a longer period of time 
with no apparent liver disease (Grant et al., 1988). A Canadian study into the 
disease also provided evidence that up to 65% of diagnoses of non-alcohol-related 
liver disease were indeed attributable to alcohol (Ramstedt, 2003). Where alcohol 
consumption appears to be modest it is important to both exclude other aetiologies 
but also to attempt to corroborate the alcohol history through family members 
and medical notes (Paton, 1989).

While management of clinical symptoms of ALD has improved steadily over the 
years it is important to acknowledge that ongoing alcohol consumption is the 
single most signifi cant contributor to increased morbidity and mortality, and con-
versely, abstinence from alcohol is the most benefi cial intervention (Tilg and Day, 
2007).

Metabolism of alcohol

Ethanol is the preferred fuel for the liver, displacing other substrates when present. 
It has been suggested that it is the process of metabolism, rather than the ethanol 
itself which leads to toxicity (Haber et al., 2003). About 10% of consumed alcohol 
is eliminated unchanged through the lungs and urine, whilst the other 90% is 
metabolised by the liver (NIAAA, 1997).

Metabolism can be described as the body converting ingested substances into 
other compounds. Toxicity can be increased or decreased by the metabolic process 
depending on the substance. Until all alcohol has been metabolised it is dispersed 
through various tissues and organs of the body remaining a potentially harmful 
toxin, with tissue concentrations similar to levels found in the blood (NIAAA, 
1997).

Table 7.1 Relative risk of liver disease by gender and level of alcohol consumption. Adapted from 
Gutjar et al. (2001). Defi nition of drinking categories based on average volume of alcohol consumed. 
Category 1: for females 0–19.99 g pure alcohol daily; for males 0–39.99 g pure alcohol daily. Category 
2: for females 20–39.99 g pure alcohol daily; for males 40–59.99 g pure alcohol daily. Category 3: for 
females 40 g of pure alcohol and above; for males 60 g pure alcohol and above. For comparison: a 75 
cl bottle of wine contains about 70 g of pure alcohol. (ICD = international classifi cation of diseases, 
the WHO disease classifi cation process. The current version is version 10 of the manual, hence 
ICD-10)

Disease
ICD-9
4-digit

ICD-10
4-Digit

Females Males

Drinking 
cat. 1

Drinking 
cat. 2

Drinking 
cat. 3

Drinking 
cat. 1

Drinking 
cat. 2

Drinking 
cat. 3

Liver cancer 155 C22 1.45 3.03  3.6 1.45 3.03  3.6
Liver cirrhosis 5.71 K70, K74 1.30 9.50 13.00 1.30 9.05 13.00
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Metabolism of ethanol (alcohol) involves a number of stages, the fi rst one being 
oxidation. During this process alcohol dehydrogenase (ADH) – a mitochondrial 
liver enzyme – catalyses the conversion of ethanol to acetaldehyde. Acetaldehyde 
is highly reactive and thought to play a central role in hepatic damage (Haber et 
al., 2003). Other enzymes then convert acetaldehyde to acetate (acetic acid) before 
ultimately it is metabolised to carbon dioxide and water. It has also been found 
that hepatic enzyme metabolism differs between occasional drinkers and regular 
heavy drinkers. In the latter group there is additional induction of the cytochrome 
P450 enzyme system which further affects metabolism. Polymorphism in ethanol-
metabolising enzymes has been suggested as an explanation for varying susceptibil-
ity of drinkers to ALD (Frenzer et al., 2002).

Pathophysiology

The role of ethanol is central to the pathogenesis of ALD, as is acetaldehyde and 
oxidative stress, as outlined above. Infl ammation is the hallmark of alcoholic 
hepatitis and is characterised by the intrahepatic infi ltration of neutrophils or 
mononuclear cells and by altered local and systemic expression of infl ammatory 
cytokines (Haber et al., 2003). Cytokines with infl ammatory effects, such as 
tumour necrosis factor beta (TNFß), interleukin (IL)-1 and IL-6, are presumed to 
play a signifi cant role in the development of alcohol-related damage to the liver 
(O’Grady, 2002).

The development of fi brosis, or the hepatic scar, appears to come from the 
activation of the hepatic stellate cells (HSCs). When activated they appear to 
become myofi brinoblast-like, which results in both fi brinogenesis and cell prolif-
eration (Friedman et al., 1993). In experimental studies, HSCs are directly stimu-
lated by acetaldehyde. There is some evidence that HSC-induced fi brogenesis may 
be reversible (Iredale et al., 1998).

Clinical features

ALD is progressive and is best thought of on a continuum. It is widely thought to 
take upwards of 10 years of regular and excessive alcohol use before the disease 
manifests, and in some patients it can be much longer (Sheron, 2000; Carey, 2004). 
Whilst there can be clear markers for an ALD diagnosis, it is also worth noting 
that many clinical signs can be equivocal in identifying the aetiology. Liver biopsy 
can be a useful tool in establishing the diagnosis, however it is not always useful 
and there is a tendency to avoid routine liver biopsies in certain circumstances 
(Grant and Neuberger, 1999). This is discussed further in Chapter 2. It is impor-
tant to screen and carefully assess alcohol use and to take a corroborative history 
to aid in the conclusion of a primary or secondary alcohol-related aetiology.



96 Liver Diseases

Stewart and Day (2003) describe a spectrum or staging of the disease process 
commonly beginning with steatosis (fatty liver), through steatohepatitis, fi brosis 
and fi nally cirrhosis. The three stages of ALD are described below, however, whilst 
this is useful for descriptive purposes, it must be remembered that in actuality they 
overlap and cannot truly be separated.

Steatosis (fatty liver)

Fatty liver is said to occur in around 90% of heavy drinkers at some point during 
their drinking career. It occurs when prolonged and excessive drinking causes an 
accumulation of abnormal amounts of fat within the cytoplasm of swollen hepa-
tocytes (Sheron, 2000). At this stage the process is completely reversible upon 
abstinence or reduction to modest alcohol consumption. There are usually no 
observable clinical signs though there may be evidence of hepatomegaly on abdom-
inal palpation. Fatty liver may occur in the absence of alcohol due to other causes 
such as obesity; the incidence of fatty liver in obese heavy drinkers is higher still.

Acute alcoholic steatohepatitis

Initial onset of acute alcoholic hepatitis may go unnoticed with the patient remain-
ing clinically well. With gradual onset of the condition clinical signs will begin to 
appear. These commonly include loss of appetite, nausea, fatigue and a general 
feeling of being unwell. There may be low level spikes in temperature which should 
be monitored. As the condition progresses the symptoms become more aggressive 
with increasing nausea and usually with jaundice. Other symptoms in severe cases 
may include loss of muscle mass and ascites. Though by this stage the patient may 
well have been admitted to hospital and stopped drinking, their condition is likely 
to deteriorate over the following few weeks. Mortality in severe alcoholic hepatitis 
is high. This condition is further described later in this chapter.

Cirrhosis

When alcohol-related infl ammation (alcoholic hepatitis) continues, fi brogenesis is 
triggered. Grant et al. (1988) suggest that approximately 40% of patients with 
severe hepatic fi brosis will develop cirrhosis within 5 years. Elsewhere, Galambos 
(1972) suggests that 38% of patients with alcoholic hepatitis, who continue to 
drink, will develop cirrhosis within 18 months. The pathophysiology of cirrhosis 
is described in Chapter 1.

Prognosis

In a clinically compensated cirrhotic patient, the 5-year survival rate is around 
90% with abstinence, reducing to 70% if alcohol consumption continues (Tome 
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and Lucey, 2004). However, once a patient develops decompensated cirrhosis, 
5-year survival with ongoing alcohol consumption reduces to around 30% 
(Alexander et al., 1971).

Alcoholic hepatitis

Alcoholic hepatitis may be considered the most dramatic manifestation of ALD. 
Mortality rates in acute alcoholic hepatitis have been recorded as 40–50% at 1 
month (Maddrey et al., 1978), and as high as 60% at 6 weeks (Edwards et al., 
1997; Sargent, 2005), so the disease presents a signifi cant medical and nursing 
challenge. According to Sheron (2000), death usually occurs as a result of liver 
failure, often associated with renal failure (hepatorenal syndrome), from uncon-
trolled sepsis or secondary to a variceal haemorrhage. Overall, however, mortality 
rates in alcoholic hepatitis are 15% (Philippe, 2007).

Pathogenesis

There is clear evidence of the multi-factorial processes involved in alcoholic hepa-
titis (Hill and Kugelmas, 1998). All hepatic cellular components, namely hepato-
cytes, Kupffer, stellate and endothelial cells, are involved at some stage in the 
pathogenesis of alcohol-induced liver injury (Sougioultzis et al., 2005). Haber 
et al. (2003) report that metabolism of ethanol to toxic metabolites, Kupffer cell 
stimulation by endotoxin, and nutritional impairment lead to hepatic injury, 
infl ammation and fi brosis. However the mechanisms triggering the acute onset in 
a minority of alcoholic hepatitis patients are unknown (Ceccanti et al., 2006). 
Alcohol is directly associated with impaired hepatic regeneration.

Epidemiology

Alcoholic hepatitis has been estimated to occur in around 40% of chronic drinkers 
at some time (Hislop et al., 1983). However, because mild episodes of alcohol-
induced liver infl ammation (hepatitis) are commonly subclinical, a diagnosis may 
not always be made, or mild and non-specifi c symptoms may be attributed to other 
physical problems (Edwards et al., 1997; Ceccanti et al., 2006). Indeed complaints 
of nausea, abdominal discomfort and loss of appetite may be mistakenly consid-
ered a result of alcohol withdrawal and in the short term may appear improved 
in the alcohol-dependent drinker after they consume alcohol. In such mild cases 
the management of the hepatitis will usually occur in an outpatient setting whilst 
attention should be given to motivating the patient into engaging with alcohol 
treatment services (Tilg and Day, 2007).

In severe cases of acute alcoholic hepatitis the diagnosis of acute hepatitis is 
usually clear, though in order to clarify an alcohol aetiology it is again important 
to assess and establish an accurate alcohol history (O’Beirne et al., 2000).
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Clinical features

There is a cohort of clinical symptoms associated with alcoholic hepatitis (Table 
7.2) and a patient may present with a combination or all of the symptoms.

Pathological features

Confi rmation of a differential diagnosis requires a liver biopsy, however according 
to Talley et al. (1988), this is often not performed as it is unlikely to alter either 
diagnosis or therapy. O’Beirne et al. (2000) suggest that with a good history and 
consistent blood and radiological investigations, there should be suffi cient data for 
establishing diagnosis. Other aetiologies may be excluded with a liver biopsy, 
however a percutaneous biopsy carries a risk of haemorrhaging in the presence of 
alcohol-induced severe thrombocytopenia (Ceccanti et al., 2006), whilst transjugu-
lar biopsy is a more specialist procedure that is not always available (Sargent, 
2005).

Confi rmatory features of a liver biopsy are likely to include:

� Neutrophil infi ltration (usually)
� Enlargement of hepatocytes
� Mallory’s hyaline (commonly)
� Pericellular fi brosis
� Infi ltration of polymorphonuclear leucocytes
� Liver cell necrosis
� Steatosis

According to Bode (1999), there is usually a direct correlation between the fre-
quency and intensity of the symptoms, and the severity of the histological features. 

Table 7.2 Clinical symptoms of alcoholic liver disease.

Clinical features of alcoholic hepatitis

Acute abdominal pain (upper outer quadrant)
Nausea
Malaise
Loss of appetite
Fever
Jaundice
Hepatomegaly

Symptoms related to portal hypertension may also be observed

Ascites
Variceal haemorrhaging
Hepatic encephalopathy
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It is worth noting that some patients appear to decompensate upon alcohol detoxi-
fi cation. Whether the process of withdrawal triggers a paradoxical onset of alco-
holic hepatitis is unclear, as the clinical condition of a patient with alcoholic 
hepatitis will continue to deteriorate for the fi rst 2–3 weeks (Sheron, 2000).

Although it is not possible to predict the onset of alcoholic hepatitis there has 
been progress in charting its prognosis upon diagnosis. Biochemical and haema-
tological features of alcoholic hepatitis are outlined in Table 7.3. Daily monitoring 
of liver function tests, coagulopathy and renal function is advocated until demon-
stration of sustained improvement (Sargent, 2005).

Assessment of prognosis

Much has been done in an attempt to predict outcome and improve treatment in 
alcoholic hepatitis.

Maddrey’s discriminant function (DF) is a formula with good correlation and 
predictive value for 30-day mortality. It has been prospectively confi rmed and 
appears to be the most clinically helpful for therapeutic decisions when severity of 
illness determines treatment.

DF = prothrombin time prolongation × 4.6 + serum bilirubin (mg/dL)/17

A DF ≥32 signifi es a poor prognosis, with a 3-month mortality rate of 55% 
(O’Beirne, 2000; Sargent, 2005). The prognostic value of this formula has other 
factors that correlate with poor prognosis. These include older age, impaired renal 
function, encephalopathy and a rise in the white blood cell count in the fi rst 2 
weeks of hospitalisation (Philippe, 2007).

Another validated scoring system for assessing outcome in alcoholic hepatitis is 
the Glasgow Alcoholic Hepatitis Score (GAHS) in which a GAHS ≥9 is predictive 
of a poor prognosis. This recent tool was the product of a UK-based multi-centre 
trial based on 241 patients across eight UK hospitals (Forrest et al., 2005). The 
biochemical markers and scoring criteria are shown in Table 7.4.

Management and treatment

At all stages of ALD it remains the case that abstinence from alcohol is the single 
most useful goal (Tome and Lucey, 2004; Sargent, 2005; Sougioultzis et al., 2005; 
Tilg and Day, 2007).

In the case of mild AH there is little indication for medical and nursing interven-
tion (Carey, 2004). However, given the seriousness of an acute and severe alcoholic 
hepatitis, coupled with the high risk of mortality, hospital admission will be 
required and consideration of transfer to a specialist unit where possible (Moore, 
2001).

If admission to hospital is not required, then referral for treatment of the harmful 
alcohol use is paramount. Where a patient is admitted, then assessment for alcohol 
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Table 7.3 Biochemical and haematological features of alcoholic hepatitis (AH). Adapted from Sargent (2005).

Normal value Changes seen in AH Additional information

Bilirubin <17 μmol/L High (50–1000 μmol/L)
Albumin 36–54 g/L Low Indicative of a decreased hepatic synthetic function
Alkaline phosphatase 35–115 U/L Slightly elevated Levels are normally mild
Aspartane 

aminotransferase (AST)
7–40 U/L <200 U/L In most patients there is moderated elevation of AST. An AST:ALT ratio 

of 2:1 is almost universal in AH
Alanine aminotransferase 

(ALT)
3–30 U/L <200 U/L ALT normal or mildly elevated

Gamma-glutamyl 
transpeptidase (GGT)

2–65 U/L Elevated An elevated level does not distinguish between AH and excessive 
alcohol use

Potassium 3.5–5.0 mmol/L Low Owing to low dietary protein intake, diarrhoea and secondary 
hyperaldosteronism

Sodium 135–146 mmol/L Low Hyponatraemia common in AH. Caused by excess body water because 
of the inability of these patients to adjust the amount of water 
excreted in the urine to that taken in

Urea 2.5–6.7 mmol/L Low Normally low unless hepatorenal syndrome present
Creatinine 60–100 μmol/L Variable High creatinine could be indicative of hepatorenal syndrome
Prothrombin time 12–16 seconds Often prolonged Over 5 seconds more than control. Important indicator of hepatic 

function
Mean corpuscular volume 

(MCV)
80–96 fL High Owing to alcohol effect on bone marrow

Leucocytosis 4–10 × 109/L High often 12–20 × 109/L Owing to neutrophil chemokine release in the liver
Ferritin Male 20–260 μg/L

Female 24–70 μg/L
High
>1000 μg/litre

As an acute phase protein, ferritin is markedly elevated in AH, even in 
the absence of haemochromatosis. Levels fall over several months 
following cessation of alcohol

Serum immunoglobulin A 
concentration (IgA)

0.8–4 g/L Increased Increased levels are thought to be related to local stimulation of the 
secretory immune system. Levels do not necessarily fall following 
alcohol cessation
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withdrawal management, brief interventions and onward referral to alcohol ser-
vices post discharge should form part of the treatment plan, as described elsewhere 
in this chapter (Carey, 2004; Sargent, 2005).

Management of decompensation

In severe alcoholic hepatitis there is a risk of hepatic decompensation which may 
give rise to any or one of the following:

� Ascites
� Variceal bleeding
� Hepatic encephalopathy
� Hepatorenal syndrome (HRS)

Management of these is described elsewhere in this book; however specifi c points 
to take into account include careful use, if any, of diuretics for management of 
ascites, due to the risk of precipitating HRS.

Nutrition

Nutrition is often neglected in those drinking alcohol to excessive levels. In par-
ticular, protein calorie malnutrition is a problem which can have a direct and 
untoward effect upon prognosis, and studies looking at nutritional supplementa-
tion in alcoholic hepatitis have shown promise (Mendenhall et al., 1984; Stewart 
and Day, 2003). See Chapter 14 for a comprehensive review on nutrition.

Antibiotic therapy

Prophylactic antibiotics and antifungals should be given due to the increased risk 
of bacterial translocation and fungal infection (e.g. ciprofl oxacin 250 mg q12h and 
fl uconazole 100 mg daily). Blood, urine and ascitic cultures should be taken before 
treatment with antibiotics or antifungals is started (O’Beirne et al., 2000). Due to 
the frequency of infection and its related morbidity and mortality (Moore, 2001), 
monitoring of the patient’s temperature and prompt reporting are paramount 
(Sargent, 2005).

Table 7.4 Glasgow Alcohol Hepatitis Score (Forrest et al., 2005).

Score 1 2 3

Age <50 ≥50 –
WCC (×109/L) <15 ≥15 –
Urea (mmol/L) <5 ≥5 –
PT ratio <1.5 1.5–2.0 >2.0
Bilirubin (μmol/L) <125 125–250 >250
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Corticosteroids

Use of this group of drugs has been extensive, and numerous studies have evalu-
ated their use and benefi t (Maddrey et al., 1978; Tilg and Day, 2007). There 
remains concern and controversy about the use of such drugs in this cohort; 
however, the tendency appears toward treating patients with severe alcoholic hepa-
titis (Maddrey’s DF ≥32). Steroids are aimed at suppressing or ‘switching off’ the 
fl orid infl ammatory response observed in liver biopsies from patients with severe 
AH. Two potential side effects of medium–high-dose steroids are poor wound 
healing and increased susceptibility to infection (Stewart and Day, 2003), with 
absolute contraindications to corticosteroid therapy including ongoing uncon-
trolled infection and uncontrollable variceal bleeding (Sheron, 2000).

Antioxidants

Heavy drinkers are defi cient of various antioxidant elements and vitamins. In addi-
tion, Stewart and Day (2003) go on to describe the process by which oxidative 
stress has been implicated as a key mechanism in alcohol-mediated hepatotoxicity. 
These fi ndings have led to clinical trials of the use of antioxidants including vita-
mins A–E, selenium and N-acetylcysteine in severe alcoholic hepatitis. Such trials, 
with and without concomitant use of corticosteroids, have been unconvincing and 
appear to show no survival benefi ts to patients with severe alcoholic hepatitis (Tilg 
and Day, 2007).

Pentoxifylline

Animal studies have demonstrated that TNFα plays a signifi ciant role in disease 
pathogenesis (Yin et al., 1999). Pentoxifylline is a drug commonly used in periph-
eral vascular disease, however it is believed to be a TNF inhibitor due to its anti-
cytokine effect (Carey, 2004) and exerts an antifi brinogenic action (Windmeier 
and Gressner, 1997). Akriviadis et al. (2000) demonstrated a reduction in mortal-
ity of 40% when using pentoxifylline rather than a placebo to treat severe alcoholic 
hepatitis.

Other pharmacotherapies

There have been numerous studies and clinical trials looking at other potential 
treatments including propylthiouracil, colchicine and phosphatidylcholine, with 
modest results. These have been described in greater detail elsewhere (Haber 
et al., 2003; Tilg and Day, 2007).

Liver transplantation

Orthotopic liver transplantation is now widely accepted as a treatment for end-
stage liver disease (Prince and Hudson, 2002). Despite transplantation for ALD 
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being a mainstream practice, transplantation for acute alcoholic hepatitis remains 
an exception rather than the rule. There are two main reasons for this. Firstly, 
ALD will often stabilise with a period of abstinence, negating the need for trans-
plantation, and secondly, it is important to minimise the likelihood of a return to 
harmful alcohol use post transplant. Whilst evidence suggests that the length of 
pretransplant sobriety does not predict post-transplant abstinence (Tang et al., 
1998), it remains controversial and emotive to transplant those actively drinking 
at the time of transplantation, notwithstanding the diffi culty in engaging in any 
meaningful therapeutic relapse prevention work or risk assessment. To this end, 
the Liver Advisory Group (LAG) guidelines currently advise against transplanta-
tion for alcoholic hepatitis (Bathgate, 2006).

Nursing considerations

In the case of ALD nursing interventions are likely to be varied and infl uenced by 
the degree of pathology. It is possible that patients will feel embarrassed upon 
admission, particularly if they are aware that they have been consuming excessive 
alcohol which they attribute to their reason for presentation. It is unnecessary and 
unhelpful for a patient to feel awkward or guilty and this is likely to render them 
defensive or hostile regarding further discussion of their pattern of drinking (Mill-
ward, 2000). It is acknowledged that nurses are unlikely to set out to instil a sense 
of embarrassment or guilt within the patient, and any problem is likely to stem 
from the nurse’s own lack of knowledge, training and confi dence around address-
ing and managing alcohol-related issues (Brown et al., 1997; Owens et al., 
2000).

As well as addressing alcohol screening, educational and attitudinal issues, there 
is a role in physical and psychological management of the alcohol-withdrawal 
syndrome (AWS). Management of AWS is described later in this chapter though 
it is important to be familiar with the local withdrawal regimen or protocol as 
well as the impact that support and reassurance can play in reducing symptom 
severity (Hawker, 1994). Whilst there is good indication for an alcohol-liaison 
specialist in the general hospital (Pirmohamed et al., 2000), complementary to – or 
in the absence of – this service, nursing staff should give consideration to the wealth 
of evidence supporting the use of brief interventions (Chick et al., 1985; Elvy et 
al., 1998). A brief intervention can be defi ned as a series of short interventions 
and low-intensity opportunistic engagements with a person who is a hazardous or 
harmful drinker. Whilst there is less certainty about the effect of such interventions 
in the alcohol-dependent group, their relatively cheap cost and short duration 
mean that they can be carried out by people who are not alcohol specialists, and 
hospital clinicians such as nursing staff are in an ideal position to implement 
this.

With regard to physical issues, a comprehensive list of physical assessment 
factors, history taking and its relation to nursing interventions is described by 
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Thomas (1999). The nurse must be aware that there is no specifi c management 
plan for a patient with alcoholic liver disease. Existing on a continuum means that 
the nurse needs to take into account which, if any, specifi c clinical signs and symp-
toms are present and work with medical staff to manage these accordingly. As 
reported above, patients may present asymptomatically or with mild and vague 
symptoms which are non-specifi c. Nevertheless, a nurse with a clear understanding 
of the spectrum of the disease will monitor the clinical situation accordingly and 
identify potential decompensation at an earlier stage.

Working with other members of the multi-disciplinary team and involving them 
accordingly is vital. In particular, key working relationships will include the dieti-
cian, pharmacist and alcohol specialist. Nursing considerations of management of 
clinical manifestations such as ascites, hepatic encephalopathy and oesophageal 
varices are described elsewhere; however it is worth mentioning that each of these 
can elicit its own concerns and anxieties, both for the patient and the relative, and 
therefore an ability to convey knowledge and reassurance in these conditions is 
paramount.

Alcohol-withdrawal therapies and protocols

For the vast majority of people stopping alcohol will not present a problem (Whit-
fi eld, 1980). However, once people begin to consume excessive amounts on a daily 
basis for more than a few weeks, and without periods of reduction or abstinence, 
then abrupt cessation of alcohol can precipitate the onset of alcohol-withdrawal 
syndrome (AWS). The clinician must appreciate that it is not possible to predict 
with absolute certainty what quantity of alcohol, consumed over what specifi c 
period, will engender an AWS response in any particular individual. Suggestions 
of daily use, with weekly consumption of more than 100 units of alcohol per week 
triggering an AWS are common, but reports of a withdrawal phenomenon with as 
little as 50 units per week have been described (Cooper, 1994).

Alcohol works as a central nervous system (CNS) depressant, by inhibition of 
the neurotransmission pathways (Fadda and Rosetti, 1998). Prolonged action over 
time causes compensation in the brain known as neuroadaption. Whilst the indi-
vidual’s drinking pattern remains stable this will not present with direct diffi culties; 
however abrupt cessation of alcohol consumption, such as following admission to 
hospital, can cause a rebound process of neuroexcitation. In alcohol withdrawal, 
dopamine and N-methyl-D-aspartate (NMDA) levels are increased and GABA is 
decreased (Glue and Nutt, 1990). This sudden stimulation of the CNS manifests 
in physical and psychological symptoms of overexcitation which can range from 
minimal discomfi ture to severe disturbance and, in the case of severe delirium 
tremens, occasionally death.

The initial onset of AWS commonly occurs within around 4 hours of the last 
drink. Early symptoms are usually mild but progress over the fi rst 6–24 hours. 
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Hall and Zador (1997) describe the withdrawal process as commonly dividing into 
the following three stages.

� Autonomic hyperactivity. These are the most likely symptoms experienced in 
alcohol withdrawal, usually peaking within 24–48 hours. Common symptoms 
are contained within Table 7.5

� Neuronal excitation. Seizures are not uncommon in sudden withdrawal from 
alcohol. They are often called alcohol withdrawal fi ts and are usually of time-
limited duration. According to O’Brien (1996), they are likely to occur 12–48 
hours after the last drink, though clinically it is safer to monitor for fi ts for a 
number of days and the nursing care plan should take into account risk factors 
such as a patient wishing to leave the ward or take an unsupervised bath. 
Recent studies have suggested evidence of a ‘kindling effect’, whereby previous 
episodes of alcohol withdrawal signifi cantly increase the risk of fi ts in subse-
quent withdrawals (Becker, 1996; Gonzalez et al., 2001)

� Delirium tremens (DTs). Prompt recognition of the risk of alcohol withdrawal 
and treatment with benzodiazepines will usually prevent DTs which, untreated, 
has a mortality rate of 20% (Hall and Zador, 1997). Onset of symptoms is 
commonly 48–72 hours after the last alcohol, though onset can be delayed for 
as long as 14 days (Victor, 1970). In 80% of cases the syndrome will resolve 
within 72 hours (Victor and Adams, 1953). Whilst the incidence of DTs is a 
less common manifestation of the alcohol withdrawal syndrome, it is certainly 
to be avoided. The effect on the patient is profound with abject fear being a 
key feature. It has often been described by patients as being awake but stuck 
in a nightmare. They may well have more pronounced autonomic symptoms 
(sweating profusely) during this stage but DTs must also be considered in the 
absence of such symptoms. The patient may have some disorientation in the 
three spheres (time, place and person), often only evident upon careful ques-
tioning. DTs are more likely to occur in patients over the age of 30 and with 
a long history of heavy alcohol use (Pristach et al., 1983). A past history 
of DTs is a signifi cant predictor of further episodes upon sudden alcohol 

Table 7.5 Typical autonomic withdrawal symptoms in alcohol withdrawal.

Sweating
Nausea
Retching
Anxiety
Tachycardia (>100 bpm)
Hyper-refl exia
Tremor (characteristically in the hands but may spread to head and trunk in severe cases)
Vomiting
Insomnia
Agitation
Hypertension
Fever (37–38°C)
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cessation. There is also a link between withdrawal symptom expectation and 
symptom severity (Hawker, 1994), and as such attention should be given to 
good withdrawal management as well as empathic reassurance and supportive 
nursing interventions

Alcoholic hallucinosis

Alcoholic hallucinosis is an acute mental syndrome characterised by vivid auditory 
hallucinations which occur shortly after the cessation or reduction of drinking. 
The differential diagnosis of acute alcoholic hallucinosis includes DTs, paranoid 
psychosis, borderline transient psychotic episode or other substance-related disor-
der (Jones, 2002). Alcohol withdrawal hallucinations can occur independently of 
DTs (Holloway et al., 1984) and as such are not predictive of them. It can be dif-
fi cult to distinguish between alcoholic hallucinosis and hallucinations which occur 
secondary to a delirium, though the former are associated with a limited number 
of autonomic symptoms (Jones, 2002). Past research has suggested this syndrome 
occurs in around 25% of patients admitted to hospital with a history of at least 
10 years’ heavy drinking (Victor, 1966), though, whilst alcoholic hallucinosis 
remains a frequent occurrence on medical wards, improved identifi cation and 
medication regimen may have reduced this fi gure somewhat. The hallucinations 
are predominantly visual, though auditory hallucinations do occur. Few cases ever 
progress to development of a schizophrenic illness (Glass, 1989a,b). Common 
phenomena include seeing bugs crawling on the fl oor or seeing faces in the bedside 
curtains. Hearing buzzes and clicks is common. Voices can be heard and tend to 
be overly critical or accusatory in content. Tactile (sensorial) hallucinations (for-
mication hallucinosis) are also common with sensations such as spiders crawling 
over the skin (Holloway et al., 1984; Turner et al., 1989).

Alcohol-withdrawal management guidelines

Recognition and assessment

In order to manage alcohol withdrawal safely it is important to anticipate and 
undertake interventions at the earliest opportunity. Alcohol withdrawal may be a 
presenting feature or occur as an unexplained development in a patient who has 
recently been admitted for other reasons and consequently deprived of alcohol. It 
is useful to consider the merits of an alcohol screening tool to administer to all 
newly admitted patients. Examples of these include the Alcohol Use Disorders 
Identifi cation Test (AUDIT) (Babor et al., 2001), the Fast Alcohol Screening Tool 
(FAST) (Hodgson et al., 2002) and the Paddington Alcohol Test (PAT) (Patton et 
al., 2004). It is also good practice for alcohol intake to be assessed as part of the 
admission process, including amount consumed, frequency and time of last drink 
(Paton, 1989). Where there is suggestion of an inaccurate history, then a corrobo-
rative history should be taken from relatives, the GP and past medical notes. If 
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past admissions have resulted in alcohol-withdrawal symptoms then there should 
be a low threshold for introducing a medication regimen to manage this. A blood 
alcohol level can also be used to confi rm suspicion of recent alcohol use, though 
this is ideally done with the consent of the patient. Withdrawal medication should 
not be withheld until a negative blood or breath alcohol level is obtained, as sig-
nifi cant withdrawal symptoms are likely to have manifested long before this time 
in the alcohol-dependent patient.

Acute management of alcohol-withdrawal syndrome

Mild symptoms can generally be managed with reassurance and general support. 
A well lit, cool environment with sympathy and reassurance from nursing staff or 
relatives is ideal for the confused patient (Hawker, 1994; CRAG Working Group, 
1998). Attention should be paid to optimising nutrition and fl uid levels.

Risk factors for progression to severe withdrawal include (Raistrick, 2001):

� High alcohol intake (>15 units/day)
� Previous history of severe withdrawal, seizures or DTs
� Concomitant use of other psychotropic drugs
� Poor physical health
� High levels of anxiety or other psychiatric disorders
� Electrolyte disturbance
� Fever or sweating
� Insomnia
� Tachycardia

The greater the number of these symptoms, the greater the need for inpatient 
medical supervision to reduce the risk of seizures or DTs. In more severe cases, 
medication can reduce symptoms and reduce the risk of the patient developing 
convulsions or delirium tremens (Mayo-Smith, 1997; Williams and McBride, 
1998).

Alcohol-withdrawal medication

There have been several studies and meta-analyses examining pharmacological 
management of alcohol withdrawal (Mayo-Smith, 1997; Williams and McBride, 
1998). Overall consensus appears to favour the use of a medium to long-acting 
benzodiazepine such as chlordiazepoxide as the fi rst-line treatment of choice for 
alcohol-withdrawal management. The benefi ts of the benzodiazepine group include 
cross-tolerance with alcohol, a long duration of action, anxiolytic properties and 
anticonvulsant effects (Chick, 1996; Hall and Zador, 1997; Mayo-Smith, 1997). 
While all benzodiazepines appear equally effi cacious in withdrawal manage-
ment, they do have individual benefi ts and drawbacks (Hall and Zador, 1997; 
Mayo-Smith, 1997).

The guiding principle for a withdrawal regimen is to start with a high dose (to 
replace the high alcohol intake) and gradually reduce over the following days 
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(Table 7.6). Ideally doses should remain regular (i.e. four times daily) until the 
latter stages to minimise the risk of breakthrough symptoms and the nocte dose 
should be loaded to cover for the extended period between doses. It should be 
remembered that all patients will respond individually to a withdrawal regimen, 
though, in general, the greater the alcohol consumption the greater the dose of 
medication. Those patients who are frail or elderly may well require a lower 
cumulative dose. Patients should always be monitored for benzodiazepine toxicity 
and it is good practice to have ready access to a benzodiazepine antagonist, i.e. 
fl umazenil.

Chlordiazepoxide
This is commonly the fi rst line drug of choice for alcohol-withdrawal management 
as outlined above. Table 7.6 provides a recommended withdrawal scale.

Diazepam
This is often used as an alternative to chlordiazepoxide. It has a longer half-life, 
and is therefore more prone to accumulation and toxicity. A similar reducing 
regime should be used as in Table 7.6, but remembering that 5 mg diazepam is 
equivalent to approximately 10–15 mg chlordiazepoxide.

Oxazepam and lorazepam
There may be situations where it may be appropriate to consider an alternative to 
the above. Oxazepam and lorazepam do not produce active metabolites and are 
inactivated and eliminated by simple glucoronidation (Chick, 1996). One of these 
drugs may therefore be used as an alternative to chlordiazepoxide, in a liver unit 
for example, where there are clinical signs or a history of signifi cant liver function 
impairment. Although the benefi ts are a much shorter half-life and being less prone 
to accumulation and toxicity (McBride, 2002), nurses should be aware that this 
increases the risk of breakthrough withdrawal symptoms occurring between drug 
rounds. Use of a withdrawal measurement scale can be an invaluable tool (see 
below).

Table 7.6 Typical withdrawal regimen using chlordiazepoxide or oxazepam.

Morning Midday Evening Night Total daily dose

Day 1 30 mg 30 mg 30 mg 30 mg 120 mg
Day 2 30 mg 20 mg 20 mg 30 mg 100 mg
Day 3 20 mg 20 mg 20 mg 20 mg  80 mg
Day 4 20 mg 10 mg 10 mg 20 mg  60 mg
Day 5 10 mg 10 mg 10 mg 10 mg  40 mg
Day 6 10 mg 10 mg  0 10 mg  30 mg
Day 7 10 mg  0  0 10 mg  20 mg
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An oxazepam regime has the benefi t of following the same dosage and pattern 
as chlordiazepoxide (see Table 7.6); 1 mg lorazepam equates to approximately 
10 mg diazepam or 30 mg chlordiazepoxide.

Caution in benzodiazepine use
Benzodiazepines can cause respiratory depression as well as sedation. The use of 
such drugs should be carefully considered and monitored in certain clinical situa-
tions such as a suspected or recent head injury where neurological symptoms may 
be masked. In such instances a head CT scan should be considered and the situa-
tion balanced with the need to manage signifi cant alcohol withdrawal effectively. 
Again, oxazepam may be more appropriate due to its shorter half-life.

It is important to note that benzodiazepines have a high incidence of abuse and 
concomitant use with alcohol can prove fatal. The provision of benzodiazepines 
for withdrawal management as a take home prescription (TTO) is therefore usually 
contraindicated unless with specialist advice or community follow-up. Extra 
caution should also be taken if a patient is suspected of ongoing alcohol consump-
tion whilst undergoing inpatient care.

Severe withdrawal

Previously signifi cant alcohol-withdrawal problems predict the likelihood of a 
diffi cult withdrawal programme (Gonzalez et al., 2001). The more severe the 
withdrawal syndrome the more signifi cant the risk of complications including:

� Wernicke’s encephalopathy
� Alcoholic hallucinosis
� Depression
� Suicidal ideation

Management of delirium tremens

Initial management of the severely confused or agitated patient requires the admin-
istration of adequate sedative doses of benzodiazepines (intravenously if neces-
sary). The object of treatment is to make the patient calm and sedated but easily 
roused.

� For patients able to take oral medication, higher and more frequent doses of 
chlordiazepoxide may be necessary

� For patients requiring parenteral treatment, intravenous diazepam may be 
useful. Intramuscular diazepam should be avoided, but rectal diazepam may 
be useful where there is diffi culty establishing venous access (CRAG Working 
Group, 1998)

� For patients with liver failure, intravenous lorazepam is an alternative and 
may be given intramuscularly

� Chlormethiazole is not recommended (Duncan and Taylor, 1996)
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� Severe psychotic symptoms may be managed by the addition of haloperidol, 
although adequate treatment with benzodiazepines should be the priority

� Close monitoring of fl uid balance is important. Urea and electrolytes (includ-
ing magnesium) should be regularly checked (CRAG Working Group, 1998)

Nurses should be aware that the British National Formulary (BNF) recommends 
the use of long-acting benzodiazepines for the management of alcohol withdrawal. 
In clinical practice there may be a requirement to use an alternative (e.g. lorazepam 
in liver failure, or a combination of intravenous diazepam and haloperidol at doses 
exceeding the BNF recommended limits). In such cases it is advised to enlist the 
advice of a liaison psychiatrist or substance misuse specialist. It is also good prac-
tice to ensure that there are suitable local clinical management guidelines in 
place.

Wernicke’s encephalopathy

Wernicke’s encephalopathy (WE) is not to be confused with hepatic encephalopa-
thy. It is a syndrome most commonly, though not exclusively, precipitated by 
abrupt cessation of alcohol withdrawal. Inappropriately managed this carries a 
mortality rate of over 15% (Victor et al., 1989; Sechi and Serra, 2007), and results 
in permanent brain damage (Korsakoff’s psychosis) in 85% of survivors (Victor 
et al., 1989; Sechi and Serra, 2007).

WE presents as a consequence of thiamine (vitamin B1) defi ciency. Thiamine 
pyrophosphate (the biologically active form of thiamine) is an essential coenzyme 
in a number of biochemical brain pathways (Sechi and Serra, 2007). As thiamine 
defi ciency develops, enzymes and systems dependent upon thiamine begin to func-
tion less well, ultimately leading to cell death (Thomson et al., 2002).

The classical triad of signs of WE (acute confusion, ataxia and ophthalmoplegia) 
occur in only around 10% of patients (Harper et al., 1986). Therefore the triad 
cannot be used as the basis of diagnosis and a high index of suspicion is needed. 
The presence of only one of the following signs should be suffi cient to assign a 
diagnosis and commence treatment (Cook, 2000):

� Acute confusion
� Decreased consciousness level including unconsciousness or coma
� Memory disturbance
� Ataxia/unsteadiness
� Ophthalmoplegia
� Nystagmus
� Unexplained hypotension with hypothermia

Treatment of WE is by replacement of thiamine and is considered a medical 
emergency (Sechi and Serra, 2007). In a recent Cochrane review, Day et al. (2004) 
reported insuffi cient evidence from randomised control trials to guide clinicians in 
the dose, frequency, route or duration of thiamine treatment for prophylaxis 
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against or treatment of WE. Nevertheless, there is clearly supported advice for 
both prophylactic and treatment regimen (Harper et al., 1986; Victor et al., 1989; 
Chick, 1996; Cook, 2000).

Treatment
Give Pabrinex® IV High Potency (HP) two ampoule pairs (four ampoules in total) 
three times daily for 2–3 days, followed by Pabrinex® IV HP one ampoule pair 
(two ampoules in total) daily for 3–5 days. Pabrinex® should be continued until 
improvement of the clinical symptoms stops. Use of oral supplementation will then 
be useful (thiamine 100 mg q12h + vitamin B Co Strong ii q24h).

Pabrinex® IV HP should be given by infusion over 30 minutes, following dilution 
of ampoule pairs in 100 ml normal saline (Sechi and Serra, 2007).

Prophylaxis
Increased demands on the already depleted B vitamin stores raise the risk of pre-
cipitating WE. Therefore any patient undergoing alcohol withdrawal should be 
treated prophylactically. This includes any patient admitted for another reason and 
subsequently found to require detoxifi cation, as well as those with a known history 
of alcohol dependence and any of the following:

� Intercurrent illness
� DTs
� Alcohol-related seizures
� Head injury
� Poor diet, signs of malnutrition or signifi cant weight loss
� Recent diarrhoea or vomiting
� Drinking >20 units of alcohol per day
� Peripheral neuropathy

Give Pabrinex® IV HP one ampoule pair daily for 3–5 days, followed by oral 
supplementation (thiamine 100 mg q12h + vitamin B Co Strong q24h). Intra-
venous dextrose should not be given before Pabrinex® due to the risk of precipitat-
ing WE. This is because glucose metabolism utilises thiamine and therefore may 
deplete reserves.

Alcohol-withdrawal scales

It is good practice to employ an objective screening scale to monitor symptom 
severity in alcohol withdrawal. One such tool is the Clinical Institute Withdrawal 
Assessment for Alcohol – Revised (CIWA-R) which allows clinicians to objectively 
score a patient’s alcohol-withdrawal symptoms, thus guiding administration of the 
reducing scale of the benzodiazepine medication. The frequency of when CIWA-R 
should be utilised depends upon individual clinical experience, however, if a 
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patient is in the early stages of withdrawal it is recommended that this is used 
every 90 minutes.

The tool will enable the clinician to decipher whether the patient requires addi-
tional PRN medication. It is recommended that if the patient scores >10 then the 
patient should receive supplementary PRN chlordiazepoxide (or equivalent). If the 
patient scores <10 then no PRN medication should be given. However, the regular 
prescribed medication should be given at all times unless the patient becomes 
overly sedated (Sullivan et al., 1989).

Chapter summary

Alcohol-related liver injury remains the most serious consequence of alcohol abuse 
and is a frequent cause of liver cirrhosis in the Western world, resulting in sub-
stantial mortality and morbidity. This chapter has highlighted the variety of spec-
trums of disease presentation and clinical management. However, a thread through-
out the chapter highlights the importance of addressing the underlying drinking 
behaviour and encouraging treatment engagement.

Illustrative case study

A 32-year-old man is admitted to the ward with symptoms of nausea and abdomi-
nal pain in the right upper quadrant. He complains of having no energy and feeling 
generally unwell. He has no appetite. His temperature is generally within normal 
range but there are occasional moderate spikes. The medical examination reveals 
evidence of jaundice, hepatomegaly and probable mild ascites. There is some mild 
jaundice.

The patient is asked about excess alcohol and states that he has stopped drinking 
and was a social drinker previously. With a provisional diagnosis of acute hepatitis 
the alcohol history is revisited and the patient’s wife is also solicited. It transpires 
that the patient did indeed stop drinking 2 days ago, however prior to that was 
drinking 5 pints of normal strength (4.1%) beer every evening after work in the 
pub, and 8 pints on a Friday, Saturday and Sunday (88 units per week).

The following day the jaundice worsens and the patient’s temperature begins to 
soar. He becomes tachycardic and is sweating. He is unable to eat and though 
there is no sign of a liver fl ap, his hands are moderately tremulous.

Blood results show an elevated AST (120 U/L), with an AST : ALT ratio of 2 : 1. 
Bilirubin has risen to over 350 μmol/L. Albumin is 29 g/L, GGT is 256 U/L 
and sodium is 115 mmol/L. MCV is 100.4 fL. PT is 17 seconds (vitamin K 
corrected).
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There is no sign of sepsis and no sign of bleeding. The presumed diagnosis at 
this point is acute alcoholic hepatitis and concomitant acute alcohol-withdrawal 
syndrome.

Treatment includes a reducing scale of oxazepam (monitored using the CIWA-R 
withdrawal scale), a prophylactic Pabrinex® regimen, ciprofl oxacin 250 mg q12h 
and fl uconazole 100 mg q24h.

There is some debate medically about whether to perform a liver biopsy, however 
as a transjugular biopsy is an option in this unit this is undertaken. It confi rms 
marked infl ammation suggestive of alcoholic hepatitis.

Maddrey’s (modifi ed) discriminant function (mDF) is 44. There is no obvious 
sepsis or bleeding. Renal function is reasonable. As a consequence the medical 
team cautiously instigate corticosteroid therapy (prednisolone 30 mg/day) for 4 
weeks, though reviewed daily.

In the initial 7 days the clinical picture deteriorates and then stabilises. During 
this time nutritional advice is sought from the dietician and comprehensive enteral 
feeding is established. By the beginning of week 3 the clinical symptoms are 
improving.

In week 5 the patient appears symptom free. During the latter stages of the 
admission the nursing and medical staff have had opportunity to advise and 
educate the patient on the correlation between the alcohol use and liver disease. 
Prior to discharge the patient is seen by the alcohol liaison specialist who explores 
the patient’s goals regarding alcohol use post transplant. Advice from the medical 
team is for ongoing abstinence and the focus of alcohol interventions is to work 
with the patient, and family where possible, on a menu of options to enable change 
to be sustained upon discharge home. The patient also accepts referral to the local 
community alcohol team for ongoing supportive counselling. Consistent advice 
from all members of the treatment team regarding alcohol use (or abstinence from) 
help to reduce the likelihood of the patient selectively adopting more liberal advice, 
such as ‘one drink won’t hurt’.
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8Non-alcoholic fatty 
liver disease

Introduction

Non-alcoholic fatty liver disease (NAFLD), a liver disease predominantly caused 
by obesity, is now the leading cause of chronic liver dysfunction in developed 
countries. In some patients it may progress to cirrhosis. The pathogenesis impli-
cates insulin resistance and increased oxidant stress with subsequent activation of 
collagen-making cells in the liver. There is at present no single diagnostic test for 
NAFLD. The treatment similarly is largely experimental presently but emerging 
therapies include metformin, glitazones, vitamin E, angiotensin-receptor blockers 
and alpha-antagonists.

Defi nition

The fi rst people to describe NAFLD as a clinical entity were Ludwig et al. (1980). 
NAFLD is now accepted as the most common cause of chronic disease in developed 
countries (Falck-Ytter et al., 2001). It is a spectrum of chronic liver disease that 
is histologically similar to alcoholic fatty liver disease but occurs in an individual 
who drinks little or no alcohol. The defi nition of little or no alcohol has changed 
over the years but presently the United States National Institutes of Health, Non-
Alcoholic Fatty Liver Disease Clinical Research Network accepts an alcohol 
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consumption of less than 140 g (17.5 units) per week for men and less than 70 g 
(8.75 units) per week for women, as being compatible with the diagnosis.

At one end of the spectrum of NAFLD is hepatosteatosis (fatty liver), which 
may progress to fat with infl ammation (steatohepatitis or non-alcoholic steato-
hepatitis, NASH) (Figures 8.1, 8.2, Plates 7, 8); this may progress to fi brosis and 

Macrovesicular steatosis.

Figure 8.1 Macrovesicular steatosis. For a colour version of this fi gure, please see Plate 7 in the colour 
plate section.

Lobular inflammation
(acute or chronic).

Figure 8.2 Lobular infl ammation. For a colour version of this fi gure, please see Plate 8 in the colour 
plate section.
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in some patients to cirrhosis and hepatocellular carcinoma (Powell et al., 1990; 
Bugianesi et al., 2002). It is important to note that by the time patients with 
NAFLD reach cirrhosis, there is most often a decrease in the degree of steatosis 
(Powell et al., 1990).

Regarding the nomenclature, NASH and NAFLD therefore are not synonymous 
terms. NASH is the more severe stage of NAFLD, just as myocardial infarction is 
the more severe stage of ischaemic heart disease. It is also now accepted that 
NAFLD is the underlying diagnosis in the majority of cases previously designated 
as cryptogenic cirrhosis (Bugianesi et al., 2002).

Disease prevalence

The population prevalence of NAFLD has been estimated at 7–35%, depending 
on whether an elevation of alanine transaminase, ultrasound appearances or mag-
netic resonance spectroscopy (MRS) appearances are used (Bellentani et al., 2000; 
Clark et al., 2003; Ruhl and Everhart, 2003; Bedogni et al., 2005; Szczepaniak 
et al., 2005) with the MRS series probably most accurate. Estimates of the more 
severe stage NASH are at about 2.5% (Underwood Ground, 1984; Wanless and 
Lentz, 1990; Yu and Keeffe, 2002). Even with the estimates of NASH at 2.5%, it 
is more common than chronic hepatitis C, chronic hepatitis B, alcoholic liver 
disease and the metabolic liver diseases.

Risk factors

NAFLD is primarily associated with the (dys)metabolic syndrome comprising of 
features including obesity, type 2 diabetes, insulin resistance, hypertension and 
dyslipidaemia (Marchesini et al., 2001, 2003; Bugianesi et al., 2005). NAFLD may, 
however, also occur in lean individuals (Underwood Ground, 1984; Wanless and 
Lentz, 1990; Pratt and Kaplan, 2000). The increasing rates of obesity in developed 
and developing countries (Mokdad et al., 2001, 2003) make NAFLD the most 
common cause of chronic liver disease in developed countries and predicts that 
the prevalence of NAFLD will increase. In keeping with this predicted increase in 
the prevalence of NAFLD, the projected numbers of patients being transplanted 
for NAFLD is expected to exceed those being transplanted for chronic hepatitis C 
within the next decade, if current rates of obesity continue (Michael, 2004).

Natural history of NAFLD

The natural history of NAFLD is imprecisely known but probably the best study 
so far to document the natural history is the recent study from two Scandinavian 



122 Liver Diseases

hospitals, with a mean follow-up period of some 14 years (Ekstedt et al., 2006). 
In essence, this study involved patients with biopsy-proven NAFLD. They 
were divided into those with steatosis (hepatosteatosis) alone and those with 
steatosis and infl ammation (steatohepatitis). The fi ndings may be summarised as 
showing that hepatosteatosis progresses but with a low risk of cirrhosis, but that 
NASH progresses more aggressively, because about 20% of the patients with 
NASH at inception of the study progressed to cirrhosis over the follow-up 
period.

Conversely, although none of the hepatosteatosis group progressed to cirrhosis, 
there was, however, some progression to a more severe stage of fi brosis in about 
half of the patients. The inference then is that whilst hepatosteatosis may not 
progress to cirrhosis in the medium term, a proportion of patients will probably 
progress to cirrhosis in the longer term (Ekstedt et al., 2006). The survival of 
patients with NASH in this study was also reduced compared to the general popu-
lation (Ekstedt et al., 2006) as was that of unstaged NAFLD patients in an earlier 
study (Adams et al., 2005; Ekstedt et al., 2006).

The risk of cardiovascular disease is, not unsurprisingly, increased in NAFLD 
(Villanova et al., 2005) and is the leading cause of death in these patients (Adams 
et al., 2005). This is not to denigrate the importance of liver-related mortality in 
NAFLD because in the Adams et al. study, liver disease was the third leading cause 
of death in patients with NAFLD compared to 13th in the general population 
(Adams et al., 2005). The risk of hepatocellular carcinoma has also been demon-
strated convincingly to be increased in a very large prospective cohort study involv-
ing almost 1 million patients with probable NAFLD in association with type 2 
diabetes with other causes of chronic liver diseases excluded (El-Serag et al., 
2004).

Clinical features

Most patients with NAFLD are asymptomatic in the early stages. Symptoms when 
they occur include right upper quadrant discomfort and fatigue. On examination 
there may be hepatomegaly and right upper quadrant tenderness which, given the 
phenotype of the typical patient with NAFLD, may be mistaken for gallstone 
disease (McCullough, 2002). Palmar erythema, jaundice, spider naevi, gynaeco-
mastia, ascites or splenomegaly may be present if cirrhosis develops.

Diagnosis

There is at present no single diagnostic test that reliably detects NAFLD. The 
diagnosis therefore remains largely one of exclusion in obese, insulin-resistant, 
dyslipidaemic individuals with abnormal liver function tests, who deny and have 
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had corroboration of absence of excessive alcohol consumption, have negative 
imaging for focal liver lesions and negative serology for hepatitis A, B and C, 
normal autoimmune profi le, ferritin and transferrin saturation, copper and 
caeruloplasmin.

Most patients with NAFLD have abnormal liver function tests but abnormalities 
such as elevated serum transaminases and GGT lack sensitivity and specifi city not 
only for NAFLD but for any liver disease. The ALT is usually elevated but may 
be normal in the presence of radiological evidence of hepatosteatosis (Browning 
et al., 2004) and may even normalise with progressive disease. The AST : ALT ratio 
is usually less than 1, as compared to alcohol-induced liver disease where it is 
usually greater than 1. In NAFLD a reversal of the AST : ALT ratio, so that it is 
greater than 1, implies an advanced fi brotic stage.

The ALP and GGT are usually increased some two- to three-fold in >50% of 
cases. Serum bilirubin and albumin are usually normal unless the patient is cir-
rhotic. The ferritin, if increased in the presence of normal iron indices, is refl ective 
of a low level infl ammatory state that exists in obesity and NAFLD, and the 
increased ferritin here is an acute phase reactant (Powell et al., 1990; Bacon et al., 
1994; Brunt, 2001). Anti-nuclear antibodies and anti-smooth muscle antibodies 
may be abnormal in up to 25% of patients with NAFLD and their presence augers 
more severe injury and infl ammation (Adams et al., 2004)

Imaging as a diagnostic tool in NAFLD

Of the present imaging modalities ultrasound scanning is the most cost effective 
and detects steatosis with a sensitivity of 66–100%, although this is reduced if the 
fat content is less than 33% (Caturelli et al., 1992; Saadeh et al., 2002). CT has 
about the same sensitivity and specifi city as ultrasound scanning but is more 
expensive (Saadeh et al., 2002). MRI is of the same utility as CT and ultrasound 
scanning, but it is in any case impractical as a screening tool because of its expense. 
MRS is the most sensitive technique and is able to detect fat at around 5%, 
unlike the other modalities where maximal detection occurs after about 33% 
(Szczepaniak et al., 2005). It is worth stressing that none of the imaging modalities 
can distinguish between the various stages of NAFLD, i.e. they cannot indicate 
whether fat alone is present or whether the fat is present with infl ammation 
(Saadeh et al., 2002); this information is of clear prognostic importance.

The role of liver biopsy in diagnosing NAFLD

A liver biopsy is considered by many to be mandatory to both confi rm the diag-
nosis and stage the disease. The utility of the liver biopsy is underscored by a recent 
paper by Skelley et al. (2001) which showed that in a group of 354 patients being 
investigated for abnormal liver function tests in the presence of negative liver serol-
ogy, some 34% had a revised diagnosis after the liver biopsy. Liver biopsy is not, 
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however, without its limitations. First of all, a needle biopsy sample usually rep-
resents around 1/50 000 of the total mass of the liver (Bravo et al., 2001). In 
addition it has been shown that the histological lesions of NASH are unevenly 
distributed throughout the liver parenchyma. Therefore the inherent sampling 
error of a liver biopsy can result in potential misdiagnosis or staging inaccuracies 
(Ratziu et al., 2005).

Liver biopsy, moreover, is an invasive test with potential risk of complications 
as described in Chapter 2 (Bravo et al., 2001). A few hours’ admission for obser-
vation of the patient is also needed following a liver biopsy. Another test that has 
recently been validated for assessing liver fi brosis in patients with chronic liver 
disease, especially chronic hepatitis C, is transient elastography (FibroScan). 
FibroScan is a non-invasive test that measures liver stiffness but it is less sensitive 
in obese patients (Kettaneh et al., 2007).

Histology of NAFLD

The histological features of NAFLD on haemotoxylin and eosin staining include 
macrovesicular steatosis, an acute or chronic infl ammatory cell infi ltrate, Mallory’s 
hyaline and, on connective tissue staining, pericellular fi brosis (Figures 8.1–8.3, 
Plates 7–9). These features are also found in alcohol-induced liver disease and this 

Pericellular fibrosis.

Figure 8.3 Pericellular fi brosis. For a colour version of this fi gure, please see Plate 9 in the colour 
plate section.
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underlies the importance of corroborating the patient’s alcohol history. Recently 
a scoring system has been devised by Brunt and colleagues to aid the scoring of 
liver biopsies in NAFLD (Brunt, 2005, 2007; Kleiner et al., 2005).

Pathogenesis

The pathogenesis of NAFLD remains poorly understood. It is known, however, 
that insulin resistance, in association with obesity, is a key mechanism leading to 
hepatic steatosis. Resistance to insulin is presently thought to enhance peripheral 
lipolysis and delivery of free fatty acids to the liver. This insulin resistance has 
been referred to as the fi rst hit in the pathogenesis of NAFLD (Day and James, 
1998).

High circulating insulin, secondary to insulin resistance, also results in defective 
fatty acid oxidation in the hepatic mitochondria, reduced export of triglycerides 
and increased de novo synthesis of triglycerides within the liver, all resulting in 
intracytoplasmic accumulation of triglycerides (Harrison and Di Bisceglie, 2003). 
As a consequence there is enhanced lipid peroxidation and activation of profi bro-
genic and proinfl ammatory cytokine pathways with TNFα and adiponectin being 
key players (Tilg and Diehl, 2000; Hui et al., 2004; Kamada et al., 2007a). The 
role of lipid peroxidation in NASH has been suggested by studies showing its 
presence in both animal models of non-alcoholic fatty liver and humans with ste-
atosis of different aetiologies (Letteron et al., 1996). The second hit, therefore, is 
the increased oxidant stress secondary to increased lipid peroxidation and the 
increase in profi brogenic and proinfl ammatory cytokines (Day and James, 1998). 
The pathogenic role of triglycerides has been questioned recently because of data 
showing that hepatocyte accumulation of triglycerides may actually be a protective 
mechanism to reduce the toxicity from free fatty acids delivered from the periphery 
to the liver (Yamaguchi et al., 2007).

Nielsen et al. (2004) have suggested that free fatty acids might also directly 
mediate infl ammation in NAFLD. They have shown that central obesity, which 
has been linked to an increased risk of NASH, is associated with an increased 
lipolysis of visceral adipose tissue and an increased hepatic supply of free fatty 
acids. Furthermore a recent study using stable isotope methodology has demon-
strated that almost two thirds of fat in the liver of patients with NAFLD is derived 
from circulatory free fatty acids as opposed to dietary sources or de novo lipogen-
esis (Donnelly et al., 2005).

Hepatic iron, anti-oxidant defi ciencies and intestinal bacteria have all been 
implicated as potential oxidative stressors with recent studies showing that HFE 
gene mutations or increased hepatic iron are associated with enhanced liver injury 
in NAFLD (George et al., 1998; Nelson et al., 2007). It is still not clear why some 
patients develop hepatosteatosis and do not progress for years without any com-
plications whereas others go on to develop infl ammation, fi brosis and eventually 
liver cirrhosis.
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Obesity-related hepatic steatosis has also been shown to be associated with an 
increased production of infl ammatory cytokines by hepatocytes. Recent studies in 
rodents have shown conclusively that hepatic steatosis is associated with a state 
of chronic infl ammation with an increase in TNFα and a reduction in the anti-
infl ammatory adipokine, adiponectin (Cai et al., 2005). In this regard, experimen-
tal animals with induced NASH, lacking adiponectin, are more likely than controls 
to develop hepatocellular carcinoma (Kamada et al., 2007b) This chronic infl am-
mation state is often, as above, refl ected in an elevated ferritin as an acute phase 
reactant.

Ingestion of a wide variety of therapeutic drugs may also lead to hepatic steato-
sis. Amiodarone, antiviral agents (zidovudin and interferon), non-steroidal anti-
infl ammatory drugs, tetracycline and sodium valporate have all been implicated. 
Accumulation of fat results predominantly from the inhibition of the mitochon-
drial beta-oxidation of fatty acids by a variety of mechanisms (Fromenty and 
Pessayre, 1995). Drugs like amiodarone not only cause steatosis but also provide 
a mechanism for increased oxidative stress and are capable of inducing steatohepa-
titis-like lesions.

From the fi ndings of a NASH model of genetically obese ob/ob mice, it has been 
suggested that gut bacterial fl ora might be implicated in the development of fatty 
liver, as the endogenous ethanol production by the intestinal fl ora is signifi cantly 
increased (Cope et al., 2000). In patients, Nair et al. (2001) found a positive cor-
relation between breath ethanol concentrations and obesity in a small group of 
individuals who denied recent consumption of alcoholic beverages.

As regards the development of fi brosis, it is probable that obesity-related 
activation of the sympathetic nervous system (SNS) directly or indirectly via raised 
leptin levels may hasten the fi brosis because the absence of SNS, either through 
genetic or pharmacological manipulation or reduced angiotensin-1 signalling, 
markedly abrogates the extent of fi brosis in animal models of NASH (Oben et al., 
2003b, 2004; Hirose et al., 2007).

Disease management

There is at present no proven therapy for NAFLD. As a signifi cant proportion of 
patients with NAFLD are obese, have type 2 diabetes or are dyslipidaemic, i.e. 
have features of the metabolic syndrome, initial therapy is aimed at reducing the 
drivers for the disease – namely obesity and insulin resistance. Initial therapy would 
therefore include an alteration of lifestyle, dietary advice with support from a 
nutritionist and increased exercise. In this regard, bariatric surgery has been shown 
in recent series to improve histological features of NAFLD (Clark et al., 2005; 
Klein et al., 2006). Exercise similarly improves the biochemical and histological 
parameters in NAFLD (Ueno et al., 1997), partially through enhancing insulin 
sensitivity. Too rapid or extreme weight loss in a short space of time has been 
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associated with accelerated progression of the disease in some patients with NAFLD 
(Capron et al., 1982). Ideally, controlled weight loss should be the result of a 
planned structured approach by a dedicated bariatric service that comprises 
lipidologists, dieticians, psychologists/psychiatrists and hepatologists.

Pharmacotherapy may also be used to aid weight loss. Available drugs are orli-
stat, sirbutramine and, most recently, rimonabant. There is some evidence from 
small series studies that orlistat and sirbutramine may be of benefi t in NAFLD 
(Clark, 2006). Trials of the cannabinoid receptor blocker, rimonabant, in NAFLD 
are planned.

Besides lifestyle modifi cations and pharmacotherapy to reduce weight and 
enhance insulin sensitivity, agents such as metformin which directly enhance insulin 
sensitivity have also been used. Metformin decreases circulating glucose levels 
primarily by decreasing hepatic gluconeogenesis and glycogenolysis and moder-
ately increasing skeletal muscle glucose uptake. In animal models it has been found 
to reverse fatty liver in obese, leptin-defi cient ob/ob mice (Lin et al., 2000). Met-
formin has also been shown to prevent lipid-induced insulin resistance in animal 
models (Cleasby et al., 2004). Nair et al. (2004) have also shown that metformin 
treatment transiently normalised markers of hepatic infl ammation and the degree 
of hepaosteatosis in a small study in patients with NAFLD.

Thiazolidinediones (TZDs), like troglitazone, have also been used as a treatment 
of NAFLD. Cadwell et al. (2001) reported that treatment with troglitazone sig-
nifi cantly improved liver enzyme abnormalities and somewhat improved hepatic 
histology in a small series of patients with NAFLD. It should be mentioned though 
that troglitazone has been withdrawn as a fi rst-line therapy for type 2 diabetes 
because of rare but potentially lethal hepatotoxicity. A recent placebo-controlled 
trial of another TZD, pioglitazone, in NAFLD showed that it improved liver func-
tion tests, hepatic fat content and insulin sensitivity in subjects with NASH. It did 
not, however, improve fi brosis (Belfort et al., 2006). Cholesterol-lowering agents 
such as 3-hydroxy-coenzyme A reductase inhibitors, atorvastatin, have also been 
shown in a small group of patients with NAFLD to have benefi cial effects (Gomez-
Dominguez et al., 2006). Statins appear to be safe in NAFLD and the present 
consensus would favour their use in patients with NAFLD and dyslipidaemia. This 
stance on their safety in NAFLD is supported by data from the large Dallas heart 
study (Browning, 2006).

Pilot studies with the anti-oxidant vitamin E have demonstrated improved his-
tological parameters in NAFLD (Sanyal et al., 2004). Cytoprotective agents like 
ursodeoxycholic acid (UDCA) have also been evaluated. Lindor et al. (2004) 
studied the effects of 13 and 15 mg/kg/day dose of UDCA for 2 years in 126 
patients with biopsy-proven NASH and found that although safe and well 
tolerated it was no better than placebo. The study, however, may have been 
under-powered (Clark and Brancati, 2004; Lindor et al., 2004). Other emerging 
treatments of NAFLD include probiotics, through their alteration of gut fl ora 
and reduction of TNFα (Solga and Diehl, 2003), angiotensin-1 receptor 
blockers (Yokohama et al., 2004; Hirose et al., 2007) and alpha-adrenoceptor 
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antagonists which reduce liver injury, enhance liver regeneration and also reduce 
the fi brogenesis in animal models of NASH, the more severe stage of NAFLD 
(Oben et al., 2003a, 2004).

Chapter summary

NAFLD is a spectrum of chronic liver disease ranging from hepatosteatosis through 
steatosis with infl ammation to fi brosis, cirrhosis and hepatocellular carcinoma. It 
is presently the most common cause of chronic liver disease in developed countries. 
Its increase is secondary to the increasing rates of obesity and type 2 diabetes. 
Insulin resistance seems to be the key pathogenic requirement with increased 
oxidant stress and proinfl ammatory cytokines also clearly involved. There is no 
accepted single diagnostic test for NAFLD. It remains a diagnosis of exclusion 
which, in some patients, requires a liver biopsy to reliably diagnose and stage the 
disease.

There is currently no approved treatment for NAFLD. Treatments strategies 
usually start with lifestyle modifi cations and may include pharmacotherapy to aid 
weight loss or enhance insulin sensitivity. Bariatric surgery in morbidly obese 
patients with NAFLD appears effective. Therapeutic trials are planned for drugs 
such as rimonabant, adrenoceptor antagonists and angiotensin-1 receptor blockers 
which show promise in experimental studies.

Illustrative case study

Mr ZK, a 77-year-old, lean man, was a retired tailor. He had been a type 2 diabetic 
for several years but had of late lost weight at the insistence of his family. He 
presented acutely with melaena. He had no previous upper gastrointestinal com-
plaints and no history of non-steroidal use. He did not drink alcohol immoderately 
and certainly on corroboration from his family drank at most 1 unit per month. 
He was previously fi t and well.

On initial examination, he was cardiovascularly stable and had no overt stig-
mata of chronic liver disease. Investigations revealed a slightly low haemoglobin, 
low platelets, a low albumin and a prolonged INR (1.6). An urgent endoscopy 
showed portal hypertensive gastropathy and small oesophageal varices not ame-
nable to band ligation. A liver disease aetiology database was unrevealing. A sub-
sequent abdominal ultrasound scan showed a small shrunken liver with a coarse 
echo pattern, suggestive of cirrhosis. A liver biopsy showed severe macrovesicular 
steatosis, an infl ammatory cell infi ltrate, marked pericellular fi brosis and incom-
plete cirrhosis. The features were consistent with alcoholic liver disease or NAFLD. 
Given the corroborated alcohol history the diagnosis was NAFLD with developing 
cirrhosis.
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9Viral hepatitis

Introduction

Hepatitis, or infl ammation of the liver, has many causes. These include toxins, 
such as alcohol, some medicines, autoimmune and genetic conditions, and viral 
infection.

Viral hepatitis is a major cause of morbidity and mortality worldwide, causing 
both acute and chronic illness. The spectrum of disease is broad, ranging from 
asymptomatic, self-limiting infection to chronic hepatitis, acute liver failure (ALF), 
or liver cirrhosis. Also, hepatitis virus infection is the most common cause of liver 
cancer. By far the greatest burden of disease is caused by chronic viral hepatitis, 
and specifi cally hepatitis B virus (HBV) and hepatitis C virus (HCV) infection.

Viruses hijack the cellular machinery of the host organism to reproduce, or 
replicate. Often, the virus itself is not directly cytopathic. Liver damage is a con-
sequence of the immune response to infection which destroys infected hepatocytes. 
Blood tests show raised ALT and AST levels indicative of liver damage. Following 
acute infection and eradication of the virus, infl ammation resolves and healthy 
liver tissue regenerates. In chronic infection, ongoing infl ammation leads to the 
development of scar tissue, or fi brosis, in the liver. Eventually, interlinking areas 
of fi brosis replace healthy liver tissue leading to cirrhosis.

Chronic HBV and HCV infections contribute signifi cantly to the development 
of liver cirrhosis and liver cancer, both leading causes of death worldwide. Co-
infection with human immunodefi ciency virus (HIV) accelerates the progression 
of liver disease in patients with hepatitis infection.

Tracey Dudley
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The chapter will discuss both acute and chronic viral hepatitis, and co-infection 
with HIV.

Hepatitis A virus

Epidemiology

The hepatitis A virus (HAV) is a ribonucleic acid (RNA) virus of the picornaviridae 
family. HAV is the commonest cause of acute viral hepatitis worldwide. It produces 
an acute and self-limiting illness. As a water- and food-borne disease, it is most 
commonly transmitted via the faecal–oral route as a consequence of poor standards 
of sanitation and hygiene. Although relatively uncommon in the UK, HAV is endemic 
in Africa, Asia, Central and South America (WHO, 2000a). In endemic areas, HAV 
infection occurs in childhood, and is usually an asymptomatic disease. By early 
adulthood, the majority of the population will be immune (WHO, 2000a).

HAV is extremely infectious. It is present, in high titres, in the stools of infected 
individuals before symptoms are apparent, and it can be detected for some weeks 
after the onset of jaundice. HAV is a resilient virus that can survive in the environ-
ment for a period of time. Contaminated water supplies, inadequate waste disposal 
and poor personal hygiene are responsible for the transmission of disease. Shellfi sh 
from infected waters are a common source of infection. Identifi ed risk factors 
include:

� Contact with an infected person
� Overseas travel
� Living or working in residential care/correctional settings
� Injecting and non-injecting drug use
� Oral–anal sex (WHO, 2000a)

Diagnosis

Acute HAV infection is confi rmed by the presence of anti-HAV IgM antibodies in 
serum. Anti-HAV IgG will be detectable approximately 3 weeks after the onset of 
jaundice. Over time, anti-HAV IgM titres decline to undetectable levels. IgG anti-
bodies persist. The presence of anti-HAV IgG, without anti-HAV IgM, confi rms 
previous exposure and immunity to infection (Thimme et al., 2005).

Clinical features

The virus has no direct cytopathic effect. Hepatitis is the result of the destruction 
of infected hepatocytes by the immune response (Thimme et al., 2005; Naomov, 
2007).
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The incubation period of HAV infection is between 10 and 50 days (WHO 
2000a). Adult-acquired infection is often symptomatic. Jaundice is a frequent 
feature, accompanied by pale stools and dark urine. A prodromal syndrome can 
be identifi ed, with symptoms including fever, fatigue, anorexia, nausea, vomiting 
and abdominal pain (Thimme et al., 2005). Most individuals recover with com-
plete resolution of symptoms within 6 months. There is no chronic form of the 
disease and infection confers life-long immunity. Severe hepatitis is more likely 
with advancing age, and in patients with pre-existing chronic liver disease (WHO 
2000a; Thimme et al. 2005). HAV infection may lead to the development of ALF 
(<1%) from which approximately 50% of patients will recover spontaneously 
(Taylor et al., 2006). For some, liver transplantation may be the only option. 
Patients with ALF should be managed in a specialist liver unit where timely assess-
ment of the need for transplantation can be made.

Atypical forms of HAV infection have also been reported. These are cholestatic 
hepatitis and relapsing hepatitis. Cholestatic hepatitis is characterised by a pro-
longed period of jaundice (2–8 months) with pruritis, fatigue, weight loss and loose 
stools. Relapsing hepatitis typically has a biphasic pattern of jaundice with appar-
ent recovery followed by relapse. Both cholestatic and relapsing patterns of HAV 
infection are followed by spontaneous recovery (Thimme et al., 2005).

Treatment

Treatment is not usually required in HAV infection. Management involves sup-
portive care, encouraging rest, fl uids and good nutrition. As in all acute hepatic 
illnesses, alcohol should be avoided. A short course of corticosteroids may be 
helpful in cholestatic HAV. Hospitalisation is uncommon but may be necessary if 
patients become dehydrated, or in the presence of severe hepatitis (Thimme et al., 
2005).

Prevention and health promotion

Effective vaccines are available. Passive protection with anti-HAV immunoglobu-
lins has now largely been replaced by active immunisation. However, immuno-
globulins may be given as post-exposure prophylaxis to prevent the development, 
or reduce the severity, of HAV infection. Vaccination is advised for all high-risk 
groups.

Travellers to endemic areas are advised to:

� Drink bottled water, and avoid ice not made from bottled water
� Avoid uncooked/unpeeled fruit and vegetables, and know how these foods 

have been washed and prepared
� Avoid uncooked shellfi sh
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Hepatitis E virus

Epidemiology

Although uncommon in the UK, hepatitis E virus (HEV) is endemic in many 
developing countries of the world, including parts of Asia, the Middle East, 
north and west Africa and parts of central America (WHO, 2007a). The majority 
of HEV infection in endemic areas is found in the 15–34-year age group. It is 
a water-borne infection, transmitted via the faecal–oral route. In areas of high 
prevalence, HEV occurs in sporadic outbreaks or as epidemics. The latter is 
particularly likely after heavy rains, when inadequate sanitation systems are 
unable to cope with fl ooding. In developed countries, HEV infection may be associ-
ated with travel to endemic areas. However, more recently, sporadic indigenous 
HEV infection has been identifi ed, often in an older population (Dalton et al., 
2007).

HEV is an RNA virus (WHO, 2007a). Unlike other hepatitides, it is thought 
that liver damage may result from a combination of a cytopathic effect and the 
immune response (Thimme et al., 2005).

Diagnosis

The diagnosis is usually made by the presence of anti-HEV IgM. Unlike HAV 
infection, immunity to HEV is not life-long. Antibody titres decline after acute 
infection, and individuals remain susceptible to re-infection.

Clinical features

The mean incubation period is 40 days and infection is usually asymptomatic. A 
prodromal phase with fever and malaise can sometimes be identifi ed. The com-
monest sign is jaundice. Other symptoms include anorexia, arthralgia, abdominal 
pain, diarrhoea, vomiting and urticaria (Thimme et al., 2005; WHO, 2007a). HEV 
does not lead to chronic disease. However, a more aggressive pattern of disease 
may be seen during pregnancy, occasionally causing ALF (Khuroo and Kamili, 
2003). HEV infection of patients with chronic liver disease may be associated with 
signifi cant mortality.

HEV is found in the stools of infected individuals, but unlike HAV infection the 
risk of person-to-person transmission is low. This is possibly because the amount 
of virus shed in stools is lower than in HAV, and the period of viral shedding is 
relatively short (Thimme et al., 2005). Thus, humans are unlikely to be the source 
of continuing infection, and there is evidence to suggest that animals, particularly 
pigs, may be reservoirs of virus in both endemic (Shukla et al., 2007) and non-
endemic (Dalton et al., 2007) areas.
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Treatment

Treatment for HEV is rarely required, and management is aimed at symptom relief. 
Patients with ALF will require management in specialist liver units.

Prevention and health promotion

A vaccine for HEV infection is not available, though some are being evaluated in 
clinical trials.

Measures to prevent the spread of infection include the provision of safe drink-
ing water, good personal hygiene and sanitary disposal of waste.

Advice to travellers is similar to that given for the prevention of HAV 
infection.

Hepatitis B virus

Epidemiology

Hepatitis B is a major public health problem. Worldwide, approximately 350 
million people have chronic HBV infection, and 1 million people die each year 
from cirrhosis, liver failure or hepatocellular carcinoma (HCC) as a consequence 
(Lavanchy, 2004). Global rates of prevalence vary from less than 1% to as high 
as 20% (WHO, 2004) (Figure 9.1).

HBV is highly infectious, transmitted by the blood and body fl uids of an infected 
person. In areas of high prevalence, HBV is most commonly passed from mother 
to baby at the time of birth (vertical transmission). Vertical transmission and 
transmission between children are responsible for the majority of chronic infection 
in areas of intermediate prevalence. Infected blood products and contaminated 
medical equipment are also sources of infection. In parts of the world where infec-
tion occurs sporadically, HBV is usually acquired sexually, or as a result of inject-
ing drug use (Hahne et al., 2004; Lavanchy, 2004).

Diagnosis

HBV is a deoxyribonucleic acid (DNA) virus of the hepadnaviridae family. It is 
comprised of a nucleocapsid core protein known as the hepatitis B core antigen 
(HBcAg), enclosed by a surface lipoprotein comprising hepatitis B surface antigen 
(HBsAg). HBsAg is produced in excess and circulates in the blood of an infected 
individual. Another protein, closely resembling the HBcAg, can also be detected 
in the blood of some patients with HBV infection. This is called the hepatitis B e 
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antigen (HBeAg). The presence of the HBeAg is associated with high rates of viral 
replication. The amount of virus is best measured by quantitation of the HBV 
genome, HBV DNA. The results of this test are typically reported as virus copies 
per millilitre of blood (copies/mL).

In response to infection, antibodies to each of the antigens are produced (anti-
HBs, anti-HBc and anti-HBe). HBsAg, HBeAg and HBV DNA can be detected 
within 6 weeks of infection. Antibodies to HBcAg (anti-HBc) appear approxi-
mately 8 weeks after infection. Table 9.1 illustrates some common serology results 
with their interpretation.

Clinical features

HBV causes acute or chronic infection. When infection is acquired in adulthood, 
it is likely to be self-limiting (Lok and McMahon, 2007). In contrast, 90% of those 
infected at birth will develop chronic HBV infection.

Acute HBV infection

The average incubation period of HBV infection is 75 days (WHO, 2004). Acute 
HBV infection may be asymptomatic. Symptoms, if present, include jaundice, 

Hepatitis B, 2003

Countries/areas with moderate to high
risk of infection

Source: ©WHO, 2004

Figure 9.1 Geographical prevalence of HBV. Used with permission from International Travel and 
Health, 2007 with permission from WHO.
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pruritis, fatigue, malaise and arthralgia. No specifi c treatment is required and the 
majority of adult-acquired infection resolves within 2 months of the onset of 
jaundice (Thomas, 2007). The disappearance of HBsAg and the appearance of 
antibodies to HBsAg (anti-HBs) is called HBsAg seroconversion and indicates reso-
lution of infection. The individual is no longer infectious and most cases will have 
life-long immunity to HBV infection. Fulminant HBV infection is rare (<1%), and 
these patients will need to be transferred to a specialist liver unit. Transplantation 
may be indicated (Thimme et al., 2005; Thomas, 2007).

Chronic HBV infection

The persistence of HBsAg for 6 months indicates chronic HBV infection. HBV is 
not cytopathic. However, the immune response to infected hepatocytes causes 
infl ammation which, over time, can lead to fi brosis and eventually to cirrhosis. 
Once chronic infection is established, it is rare for individuals to eradicate the virus 
(Lok and McMahon, 2007).

Most chronic infection is a consequence of infection by HBV at a young age. 
Under this circumstance, four phases of chronic infection may be observed:

� The immune tolerance phase
� The immune clearance phase
� An inactive carrier state
� Reactivation of replication (Yim and Lok, 2006)

The immune tolerance phase (HBeAg-positive)
Children and young adults most frequently demonstrate the immune tolerance 
phase of the disease. This phase is characterised by HBeAg positivity with high 

Table 9.1 HBV serology results.

Diagnosis Antigen/antibody Result

Chronic HBV infection HBsAg
AntiHBc IgM
Total AntiHBc 
AntiHBs

+
−
+
−

Acute HBV infection HBsAg
AntiHBc IgM
Total AntiHBc
AntiHBs

+
+
+
−

Resolved HBV infection (immune) HBsAg
AntiHBc
AntiHBs

−
+
+/−

Vaccinated (immune) HBsAg
AntiHBc
AntiHBs

−
−
+
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levels of HBV DNA (usually more than 1 million copies/mL). Serum ALT is often 
normal, indicating little or no immune response to the virus. The risk of liver 
damage during this phase is very low.

The immune clearance phase (HBeAg-positive)
During this phase, the immune system mounts a determined attack on infected 
hepatocytes. This is associated with disappearance from the blood of HBeAg and 
the appearance of antibodies to HBeAg (anti-HBe). This event is called HBeAg 
seroconversion and it is associated with reduced viral replication and a dramatic 
fall in HBV DNA levels (usually to less than 10 000 copies/mL). The process of 
HBeAg seroconversion is occasionally incomplete, producing bursts of increased 
infl ammatory activity but without a sustained decline in HBV DNA levels. These 
are known as hepatitis ‘fl ares’ and are characterised by peaks in ALT levels. Suc-
cessful HBeAg seroconversion occurs spontaneously at a rate of around 10% per 
year and the majority (approximately 90%) of individuals will have seroconverted 
by the age of 40 years (Chu and Liaw, 2007).

The inactive carrier state (HBeAg-negative)
The reduction in viral titres usually leads to a reduction in infl ammatory activity. 
HBV DNA levels remain low, or undetectable, and ALT may be normal. For some 
patients, this phase will continue indefi nitely. For others reactivation of replication 
can occur.

Reactivation of viral replication (HBeAg-negative)
HBeAg remains negative but viral replication increases. HBV DNA levels fl uctuate, 
but frequently exceed 100 000 copies/mL. Viral replication is not as high as 
observed in HBeAg-positive hepatitis (see above), but a rising ALT is evidence of 
resumed infl ammatory activity.

Complications of chronic HBV infection

In both eAg-positive and eAg-negative disease, persistently high levels of HBV 
DNA and infl ammatory activity will result in the development of fi brosis. Many 
develop cirrhosis (Yim and Lok, 2006). In the cirrhotic patient, the risk for 
progression to liver failure is 3–5% per annum. HBV infection is also strongly 
associated with the development of HCC. In cirrhotic patients, HCC incidence is 
2–3% per annum, but it can also occur in the absence of cirrhosis. It is estimated 
that 15–40% of people with HBV infection will develop cirrhosis, liver failure or 
HCC (Lok and McMahon, 2007). Common risk factors for the development 
of cirrhosis and HCC include male gender, persistent high levels of viral replica-
tion, alcohol consumption and co-infection with HCV, HDV or HIV (Yim and 
Lok, 2006).
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Treatment

Treatment in HBV infection aims to suppress viral replication and to reduce 
infl ammation. Treatment is required, in both HBeAg-positive and HBeAg-negative 
disease (when the level of virus is high), to prevent fi brosis progression and the 
development of cirrhosis. In the UK, two groups of drugs are currently licensed 
for the treatment of HBV infection. These are alfa interferons – interferon alfa-2b, 
interferon alfa-2a and pegylated interferon alfa-2a (PEG-IFN) – and nucleos(t)ide 
analogues (NAs) – lamivudine, adefovir, tenofovir and entecavir. Interferons 
augment the host immune response to HBV infection. NAs interrupt the process 
of viral replication. There are advantages and disadvantages to consider when 
deciding which drug to use.

The aim of treatment for patients with HBeAg-positivity is to induce 
HBeAg seroconversion. Clinical trials have shown that higher rates of HBeAg 
seroconversion are achieved by PEG-IFN in comparison with lamivudine 
(Marcellin et al., 2004). However, interferon therapy is expensive, has signifi cant 
side effects and is probably unacceptable for prolonged treatment. Also, it is 
unsuitable for use in patients with advanced disease. NAs can be used for a longer 
duration, and HBeAg seroconversion rates may be improved by prolonged treat-
ment. Patients usually report fewer side effects of NA therapy. However, prolonged 
NA therapy carries the risk of the development of drug-resistant virus. The 
rates for development of drug resistance vary quite considerably between the 
different NAs.

The decision to begin treatment for HBV infection depends upon several factors, 
including the amount of fi brosis, the degree of infl ammatory activity, and also the 
predicted risk of future liver damage for an individual patient. For example, a 22-
year-old HBeAg-positive female may have very high levels of HBV DNA, but she 
will usually have normal ALT, indicating immune tolerance and no infl ammation. 
At this stage, the likelihood of liver damage is minimal. Also, she may undergo 
spontaneous HBeAg seroconversion before the development of liver damage. 
Observation, without treatment, seems appropriate for this type of patient. In 
contrast, for a 40-year-old HBeAg-positive male, with high levels of HBV DNA 
and a history of repeated fl ares of infl ammatory activity, treatment is clearly 
required to suppress viral replication, to reduce infl ammation and to prevent pro-
gression to cirrhosis. Current opinions are divided on the optimum management 
of HBV infection and it is not within the scope of this chapter to discuss the dif-
ferent treatment options in more detail. Comprehensive information is available 
in the guidelines of the American Association for the Study of Liver Diseases (Lok 
and McMahon, 2007), and in guidance from the National Institute for Health and 
Clinical Excellence (2006a).

It is important to remember that the course of HBV infection is unpredictable. 
Viral titres fl uctuate, and there are no outward signs of damaging infl ammatory 
activity. Once diagnosed, life-long monitoring will be required.
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Prevention and health promotion

Hepatitis B is a preventable disease. Vaccination confers protection of >95% in 
babies, children and young adults. Three doses are required, and protection lasts 
for approximately 15 years, and may be life-long (WHO, 2004; Department of 
Health, 2006). A combination vaccine against HBV and HAV is also available 
(Department of Health, 2006). Many in the UK argue in favour of universal vac-
cination against HBV infection. However, current UK recommendations are for 
vaccination of high-risk groups (Department of Heath, 2006). These are:

� Injecting drug users
� Individuals with multiple sexual partners, particularly commercial sex 

workers
� Sexual partners of HBV-positive individuals
� Household contacts of HBV individuals
� Families adopting children from countries with high/intermediate prevalence 

of HBV infection
� Foster carers
� Individuals receiving regular transfusions of blood or blood products
� Patients with chronic liver disease
� Inmates of custodial institutions
� Travellers to areas of high/intermediate prevalence
� Individuals with occupational risk, e.g. health care workers, laboratory staff, 

staff working in residential homes for people with learning diffi culties, prison 
staff

� Babies born to HBV-positive mothers

The risk of transmission from infected mother to baby is high, but can be prevented 
by an accelerated course of vaccination. Babies born to mothers with high levels of 
viral replication will be given, in addition to vaccination, protection with hepatitis 
B immunoglobulin. Breast-feeding is not contraindicated if the baby receives a full 
course of vaccination starting at birth (Department of Health, 2004).

The presence of the virus in blood and body fl uids means that the risk of sexual 
transmission is high. Sexual partners should be vaccinated. Injecting drug users 
with HBV infection should not share injecting equipment. Cleaning with bleach 
does not guarantee destruction of the virus. Household items that may be con-
taminated with blood, particularly razors, nail scissors and toothbrushes, should 
not be shared.

Hepatitis D virus

Epidemiology

The hepatitis D virus (HDV), or delta virus, requires the HBsAg for survival. 
Therefore, it is only ever seen in patients who also suffer from HBV infection. An 
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estimated 5% of HBV-infected individuals also have HDV infection. This equates 
to approximately 15 million carriers worldwide (Farci and Lai, 2005).

The prevalence of HDV infection is highest in South America, the South Pacifi c 
islands, western Africa, some parts of the Mediterranean, the Middle East and 
central Asia. In these areas, HDV may be acquired sexually or from close contact 
with other infected individuals. In northern Europe and North America where the 
prevalence is low, injecting drug use is the commonest route of transmission (Farci 
and Lai, 2005).

Diagnosis

HDV infection is confi rmed by the presence of HDV RNA and HDV antibodies 
(anti-HDV). Hepatitis D virus antigen (HDVAg) is present in liver tissue, and can be 
detected in blood. HDV infection often suppresses replication of HBV DNA to low 
levels. Thus, the HDV is more responsible than the HBV for ongoing liver damage.

Clinical features

HDV infection can be acquired at the time of HBV infection (co-infection), or on 
top of existing HBV infection (super-infection). Both co-infection and super-infec-
tion can cause acute liver failure. In co-infection, the majority of individuals will 
have an acute, self-limiting infection. In contrast, most cases of super-infection 
present as an episode of acute hepatitis progressing to a chronic form of the disease. 
Like HBV infection, symptoms may include malaise, fatigue, anorexia and abdomi-
nal discomfort. However, the infection may be asymptomatic. HDV infection 
causes a rapidly accelerated progression of disease (Thomas, 2007). Seventy percent 
of individuals will develop cirrhosis, 15% within 1–2 years of infection. In addition, 
the risk of decompensated cirrhosis and hepatocellular carcinoma is higher than in 
HBV infection alone (Farci and Lai, 2005). Debate exists on whether liver damage 
is caused by a direct cytopathic effect or as a result of the host immune response.

Treatment

Interferon alfa is the only treatment that has been effective in the treatment of 
HDV infection. PEG-IFN appears to demonstrate more effective HDV RNA inhibi-
tion and ALT normalisation than conventional interferon, and also improved 
long-term outcome and survival (Farci, 2006).

Prevention and health promotion

Vaccination against HBV infection will protect against HDV infection. However, 
no vaccine is currently available for individuals with HBV infection to protect 
against super-infection (Farci and Lai, 2005).

Health promotion advice is as for HBV infection.
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Hepatitis C virus

HCV infection is a major cause of liver disease, and is the leading indication for 
liver transplantation worldwide. Identifi ed in 1989, HCV was originally named 
post-transfusion non-A non-B hepatitis. By the time the virus was identifi ed, mil-
lions of people had already been infected, many of whom had advanced stages of 
liver disease.

Epidemiology

Current estimates suggest that around 180 million people worldwide, or 3% of the 
world’s population, are carriers of HCV infection (WHO, 2000b). The highest 
disease prevalence is seen in Africa, central and south-eastern Asia and parts of South 
America (Figure 9.2). In Egypt, the country with the world’s highest prevalence, as 
many as 60% of people in some parts are estimated to have HCV infection.

HCV is an RNA virus of the Flaviviridae family. Genetically, there is great vari-
ability in its structure. There are six main types of HCV, known as genotypes. 
These are identifi ed by number, for example genotype 1, genotype 2, genotype 3 

Hepatitis C, 2003

>10%

Source: ©WHO, 2004

2.5–10%

Prevalence of infection

1–2.5%

Figure 9.2 Geographical prevalence of HC virus. Used with permission from International Travel and 
Health, 2007 with permission from WHO.



Plate 1 Photograph showing extensive liver cirrhosis. Used with permission from Bernard 
Portmann.

Plate 2 A spider naevus. The central arteriole resembles a spider’s body and the radiating vessels 
the spider’s legs. Reprinted with permission from eMedicine.com, 2007. Available at: http://www.
emedicine.com/derm.topic293.htm.

Plate 3 The jaundiced patient.



Plate 4 Endoscopic view of an oesophageal 
varix.

Plate 5 Band ligation on an oesophageal varix. 
Reproduced with permission from Krige JE, 
Beckingham IJ (2001) ABC of diseases of liver, 
pancreas, and biliary system. Portal hypertension 
– 1: varices. British Medical Journal 322:348–
351.

Plate 6 Patient with tense ascites with an umbilical hernia.



Macrovesicular steatosis.

Plate 7 Macrovesicular steatosis.

Lobular inflammation
(acute or chronic).

Plate 8 Lobular infl ammation.

Pericellular fibrosis.

Plate 9 Pericellular fi brosis.



Plate 10 Photomicrograph of a liver biopsy specimen from a patient with autoimmune hepatitis, 
showing interface hepatitis with plasma cell infi ltrate (arrowed). Photomicrograph provided by Dr 
Alberto Quaglia.

Plate 11 Both xanthelasma and pigmentation in a patient with primary biliary cirrhosis. Reproduced 
with permission from Sherlock S, Dooley J (2002) Diseases of the Liver and Biliary System, 11th edn. 
Blackwell Publishing.

Plate 12 Kayser-Fleischer ring in a patient with Wilson’s disease. Reproduced with permission from 
Ryder SD, Beckingham IJ (2001) ABC of diseases of liver, pancreas, and biliary system: Other causes 
of parenchymal liver disease. British Medical Journal 322:290–292.



Etiology of acute liver failure

© Elsevier 2006. Bacon, O’Grady, Di Bisceglie and Lake: Comprehensive Clinical Hepatology,
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Plate 13 Worldwide aetiology of acute liver failure. Reproduced from Bacon et al. (2006) with permis-
sion from Elsevier.



Plate 15 Explanted liver demonstrating alcohol-induced liver cirrhosis.
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Plate 14 UK aetiologies for ALF transplants 2001–2006 (UK Transplant, 2006).



Plate 16 Liver biopsy demonstrating changes in acute fatty liver of pregnancy. Reproduced with per-
mission from Sherlock S, Dooley J (2002) Diseases of the Liver and Biliary System, 11th edn, Blackwell 
Publishing.

Plate 17 The abdomen during anhepatic phase of liver transplantation.



Plate 18 Abdomen following transplant with new liver in situ.



Viral hepatitis 147

etc. Each genotype has further subtypes, of which there are over 100 in total: 
genotype 1a, genotype 3b etc (Forns and Sanchez-Tapias, 2005). Genotype does 
not determine the severity of disease, but some genotypes respond better to treat-
ment than others.

HCV is a blood-borne infection. Globally, modes of transmission vary. In the 
developed world, the most common route of HCV transmission is injecting drug 
use. In England, the Health Protection Agency identifi ed injecting drug use as the 
risk factor for HCV infection in 92% of reported infections between 1996 and 
2005. Although the prevalence of HCV infection in the UK is low, the prevalence 
amongst the current injecting drug user population is estimated to be around 45% 
(HPA, 2006). Another risk factor is a history of receiving transfused blood, or 
blood products, before the introduction of screening for HCV infection. One group 
of individuals particularly affected by transfusion-associated infection are those 
with haemophilia and related clotting disorders, many of whom acquired HCV 
(and other blood-borne infections) from infected clotting factor concentrates. 
Transmission of HCV from infected mother to newborn is uncommon, but the 
risk increases when the mother has high levels of the virus, and if the mother also 
has HIV co-infection. Tattooing, acupuncture and body piercing using non-sterile 
equipment are also known to have transmitted the infection. Unlike HBV infection, 
the risk of sexual transmission, particularly in monogamous relationships, is low. 
However, multiple sexual partners, aggressive sexual activity and HIV co-infection 
are known to increase this risk (Terrault, 2002).

In the developing world, the spread of infection is more likely to be the result 
of unhygienic health care practices (Shepard et al., 2005). This includes the use of 
unscreened blood donations, and injections or other clinical procedures involving 
contaminated unsterilised medical equipment.

Diagnosis

Serological tests for HCV infection are more straightforward than those for HBV. 
Two tests are necessary. The fi rst test looks for the presence of the antibody to 
HCV infection, commonly expressed as anti-HCV. The second test looks for the 
virus itself, or the HCV RNA. Most often, the virus RNA is detected and measured 
by a laboratory method called the polymerase chain reaction (PCR). Thus, infected 
patients are often called ‘PCR-positive’. Antibodies to HCV will be detectable in 
the blood of any individual who has ever been in contact with the HCV virus. The 
presence of HCV RNA confi rms that the individual is still infected. In individuals 
who clear the virus, HCV RNA will not be detectable, but anti-HCV will remain. 
Anti-HCV antibodies do not protect against re-infection, either with the same or 
a different genotype. The persistence of detectable HCV RNA after 6 months 
indicates the transition from acute to chronic HCV infection. Spontaneous subse-
quent clearance of the virus is unlikely.

Other serological investigations include HCV genotype and HCV viral titre. 
These tests are important when treatment is being considered.
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Clinical features

Acute infection is most often asymptomatic. If present, symptoms are usually non-
specifi c and the majority of individuals will not develop jaundice (Dusheiko, 2007). 
Indeed, it is not uncommon for the infection to remain undetected until the chronic 
phase of infection when abnormal liver function tests are found incidentally, or 
until features of advanced liver disease develop. HCV rarely causes acute liver 
failure.

The incubation period for HCV infection is 15–150 days (WHO, 2000b). Only 
a minority of infected individuals will clear the virus, with approximately 85% 
becoming chronic carriers of the disease (Shiffman, 2003).

A prolonged period of chronic infection may remain unsuspected and un-
 detected. Liver infl ammation causes fi brosis leading to cirrhosis. Liver biopsy is 
the gold standard investigation for evaluating the extent of liver damage caused 
by HCV. It measures both infl ammation and fi brosis stage (Ishak et al., 1995). The 
rate at which cirrhosis will develop is diffi cult to predict. In a large cross-sectional 
study of patients with HCV infection, the median time from infection to cirrhosis 
was 30 years (Poynard et al., 1997). However, for some individuals, fi brosis pro-
gresses at a much faster rate, while others never develop advanced liver disease. 
Despite the variable disease trajectory, several factors are known to accelerate the 
rate of fi brosis progression. These factors are male gender, excessive alcohol intake, 
acquiring the virus at an older age (Poynard et al., 1997) and co-infection with 
HIV (Poynard et al., 2003).

When cirrhosis is complicated by the development of a liver cancer (1.4% per 
year), or liver failure (3.9% per year) (Fattovich et al., 1997), transplantation can 
be a life-saving option.

Treatment

Current treatment for chronic HCV infection uses a combination of PEG-IFN, 
given by weekly subcutaneous injection, and twice daily oral ribavirin. Treatment 
has been approved by the National Institute for Health and Clinical Excellence 
(NICE, 2004/2006b). Patients with genotypes 2 and 3 infection require 6 months 
of therapy. Twelve months of treatment is given for the more diffi cult to treat 
genotypes 1, 4, 5 or 6. Successful treatment is associated with serum HCV RNA 
negativity during treatment and for at least 6 months after treatment. If the virus 
remains undetectable for at least 6 months post-treatment, this is referred to as a 
sustained virological response (SVR). SVR indicates that the patient is cured of 
HCV infection. The published trials of PEG-IFN and ribavirin reported SVR rates 
of 42–52% for genotype 1 infection, and 77–88% for genotypes 2/3 infection 
(Manns et al., 2001; Fried et al., 2002).

HCV treatment is demanding, many patients will experience signifi cant side 
effects (Table 9.2), and some will fail to complete the planned duration of therapy 
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(Fried, 2002). Selecting the optimum time for treatment and taking an individual 
patient’s circumstances into account make adherence with treatment more likely. 
Adherence is a key determinant of treatment success. When contemplating antiviral 
treatment for HCV, important factors to consider include the severity of liver 
disease, social circumstances, physical and psychological health, and the patient’s 
readiness to undergo a 6- or 12-month course of treatment. Pre-treatment counsel-
ling must include information on the risks and benefi ts of antiviral therapy, possi-
ble side effects and their management and likely response rates. A psychological 
assessment may also be helpful. During treatment, close monitoring and support 
are required. Most patients attend clinic each week initially, and then at least 
monthly.

The optimum time for treatment is before extensive liver damage has occurred. 
At this stage, the chance of achieving a SVR is highest.

Very good response rates have been reported in patients with acute HCV infec-
tion. Acute HCV requires treatment with PEG-IFN monotherapy for 24 weeks, 
regardless of genotype (Santantonio et al., 2005).

As a result of the silent nature of HCV, many patients present with chronic 
hepatitis, and some with established cirrhosis. For cirrhotic patients with good 
synthetic function, viral eradication can reduce the risk of hepatic decompensation 
which is a compelling incentive for treatment. However, treatment after cirrhosis 
has developed is diffi cult and often poorly tolerated. Dose reductions are common 
and response rates are lower than in the non-cirrhotic population. Anaemia and 
thrombocytopenia are usually more profound, and with little hepatic reserve, there 
is a high risk of hepatic decompensation. Antiviral treatment is contraindicated in 
decompensated cirrhosis.

Extrahepatic manifestations of HCV infection

Several diseases have been associated with HCV infection, including:

Table 9.2 Side effects of HCV treatment (Fried, 2002).

Flu-like symptoms
Fatigue
Depression
Poor concentration
Anorexia and weight loss
Hair loss
Skin rashes
Neutropenia
Anaemia
Thrombocytopenia
Diabetes
Thyroid dysfunction
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� Cryoglobulinaemia
� Membranoproliferative glomerulonephritis
� Diabetes mellitus
� Lichen planus
� Sjögren’s syndrome
� Non-Hodgkins lymphoma

Living with HCV infection

Many patients with HCV report symptoms such as fatigue, poor concentration, 
poor memory and depression. Certainly there is evidence that patients with HCV 
infection experience worse health-related quality of life (HRQoL) than the general 
population (von Wagner and Lee, 2006). This may be proportional to the severity 
of liver disease (Bonkovsky et al., 2007). Other factors leading to poor HRQoL 
have also been proposed including non-specifi c HCV-associated symptoms, living 
with a chronic health problem, the stigma of infectious disease, the risk to future 
health, uncertainty of response to treatment and the side effects of antiviral treat-
ment (Heitkemper et al., 2001). Some studies report poor HRQoL in HCV-positive 
patients who are unaware of their diagnosis, or who believe that they have been 
cured of infection. This implies that the disease process itself, and not simply the 
psychological reaction to it, may be responsible for poor quality of life (Rodger et 
al., 1999; Bonkovsky et al., 2007). The impact of pre-morbid conditions, such as 
substance misuse and its known association with mental health problems, must 
also be considered. Finally, there is a growing evidence for direct HCV effects in 
extrahepatic sites, including the presence of the infection in the central nervous 
system (Laskus et al., 2005). This fi nding raises the possibility of poor HRQoL 
resulting from direct neurotoxicity. Defi ning the contributory factors to HRQoL 
in HCV infection remains an important topic for future investigation.

Prevention and health promotion

There is no vaccine available to protect against HCV infection. Health promotion 
initiatives focus on identifying and treating infected individuals, and preventing 
further spread of the disease.

Harm-reduction strategies are required for high-risk populations such as inject-
ing drug users. This should include the provision of needle exchange programmes 
and information on safe injecting practices. HCV infection is not transmitted on 
household items, such as cutlery and crockery, where there is no blood-to-blood 
contact. However, items that may be contaminated with blood, particularly razors, 
nail scissors and toothbrushes, should not be shared.

Minimal alcohol consumption should be encouraged. Many patients abstain 
from alcohol after the diagnosis of HCV infection has been made, an attitude 
which should be supported. Dietary restrictions are not required and patients 
should be encouraged to eat a well balanced and nutritious diet.
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The risk of sexual transmission is low but not zero. HCV, at low levels, has 
been found in body fl uids other than blood, including genital secretions. In patients 
with HIV co-infection or who have other sexually transmitted diseases, the risk of 
HCV transmission is higher. In monogamous relationships, couples should be 
reassured. The sexual partner of the HCV-positive patient may wish to undergo 
testing for HCV. Most long-term monogamous couples choose not to change their 
sexual practices, including the use (or not) of contraception. That approach seems 
sensible. Barrier methods of contraception should be recommended for individuals 
with multiple sexual partners and/or those who participate in high-risk sexual 
activities (Terrault, 2002).

The risk of transmission of infection from HCV-infected mother to newborn is 
low, particularly in women with low levels of the virus. Breast-feeding is not 
thought to transmit infection as long there is no bleeding from the nipples, and 
the skin is not cracked. HIV co-infection increases the risk of mother-to-baby 
transmission (Roberts and Yeung, 2002).

Hepatitis and HIV co-infection

Epidemiology

HIV is a major cause of morbidity and mortality worldwide, affecting approxi-
mately 40 million individuals. The development of highly active anti-retroviral 
therapy (HAART) has improved the outcome of HIV infection signifi cantly (Palella 
et al., 1998). However, where access to HAART is limited, progression to acquired 
immune defi ciency syndrome (AIDS) remains an inevitable outcome (Joint United 
Nations Programme on HIV/AIDS (UNAIDS) and World Health Organisation, 
2006). As a blood-borne virus, HIV shares common routes of transmission with 
HBV and HCV infection, and co-infection is common. An estimated 2–4 million 
HIV-positive individuals have HIV/HBV infection, and 4–5 million are co-infected 
with HCV (Alter, 2006). Individuals with the highest risk of HIV/HCV co-
infection are injecting drug users and recipients of blood and blood products. Co-
infection also increases the risk of perinatal (Alter, 2006) and sexual (Nelson et 
al., 2003) transmission of HCV.

HIV/HBV co-infection is usually a consequence of sexual transmission or due 
to injecting drug use (Alter, 2006). In the pre-HAART era, death in patients with 
HIV/hepatitis co-infection was frequently the result of an AIDS-related illness, and 
unrelated to the development of liver disease. However, HAART prevents the 
progression to AIDS. Thus, HIV/hepatitis co-infected patients may be expected to 
live long enough to develop cirrhosis and its complications.

Clinical features

Patients with HBV/HIV and HCV/HIV co-infection are at risk of developing more 
severe liver disease compared to those with mono-infection. This is principally 
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because HIV alters the ability of the immune system to modulate HBV or HCV 
viral replication. Consequently, co-infection is characterised by high viral titres, a 
more rapid progression to cirrhosis and an increased risk of decompensated liver 
disease. The rate of development of liver damage is inversely correlated with the 
degree of immune suppression (as refl ected by the CD4 count) (Graham et al., 
2001). In addition, the risk of HAART-associated drug hepatotoxicity appears 
higher in patients with co-existent hepatitis infection.

The immunosuppression associated with HIV infection can prevent anti-HCV 
antibody production. Thus, false-negative tests for anti-HCV can be seen, and can 
confound the diagnostic process. Therefore, HIV-positive patients with risk factors 
for HCV and/or abnormal liver function tests should be tested for HCV RNA 
(even if the anti-HCV test is negative).

Treatment

HCV and HIV

In HCV/HIV co-infection, antiviral treatment presents unique challenges. Combi-
nation treatment with PEG-IFN and ribavirin for 12 months is recommended for 
all HCV genotypes. Published studies have reported lower response rates than 
observed for treatment of mono-infection, particularly in genotype 1 infection. 
Some studies also report higher treatment discontinuation rates. HIV drug interac-
tions with ribavirin are possible, and didanosine (ddI), in particular, should be 
avoided if possible (Nelson et al., 2003).

Despite the challenges, eradication of HCV infection will prevent signifi cant liver 
disease and should be considered for all HIV/HCV co-infected patients. Treatment 
is more effective and better tolerated before the development of advanced liver 
disease, and with well controlled HIV infection. The CD4 count is used as a guide 
to immune competence and it has been suggested that a level of at least 200 × 109 
cells/L is required for successful HCV treatment. HCV treatment in patients with 
lower CD4 counts will be less effective and HAART therapy should take priority 
(Nelson et al., 2003).

HBV and HIV

Some antiviral treatments, for example lamivudine and tenofovir, are active against 
both HIV and HBV infection. This dual action makes them very useful in the co-
infection setting. However, because of the high risk of HIV drug resistance, special 
consideration should be given to the stage of each disease, and the likely future 
requirement for treatment. When treatment is indicated for HBV alone, the guiding 
principle is to avoid drugs with anti-HIV activity.

Strategies for the treatment of HBV/HIV and HCV/HIV co-infection are evolving 
as new antiviral therapies emerge. Management of this complex group of patients 
requires expertise in the management of both HIV and hepatitis infections.
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Chapter summary

Viral hepatitis is a major cause of morbidity and mortality worldwide, producing 
both acute and chronic illness. This chapter has examined the epidemiology, diag-
nosis, clinical features and treatment of viral hepatitis, in addition to health pro-
motion advice and important measures to prevent the spread of infection.

By far the greatest burden of disease is caused by chronic viral hepatitis, and 
specifi cally hepatitis B virus (HBV) and hepatitis C virus (HCV) infection. HBV 
infection is a major public health problem. Worldwide, 1 million people die each 
year from cirrhosis, liver failure or HCC as a consequence of the disease. HCV 
infection is a major cause of liver disease, and is the leading indication for liver 
transplantation worldwide. As a blood-borne virus, HIV shares common routes 
of transmission with HBV and HCV infection, and co-infection is common, there-
fore consideration of the impact of HBV/HIV and HCV/HIV co-infection has 
additionally been explored.

Illustrative case study

Mr X is a 51-year-old accountant. He has not donated blood for many years, but 
attends a session organised at the company where he works. He later receives a 
letter from the Blood Transfusion Service to inform him that he may have HCV 
infection, and asking him to attend his GP. His GP informs him that he has HCV 
infection and refers him to a hepatologist for further management. He is fi t and 
well with no signifi cant past medical history. He is a non-smoker and drinks an 
occasional glass of wine at the weekend. Blood tests reveal abnormal liver function 
tests. His ALT is 83 U/L and his AST is 69 U/L. Bilirubin and ALP levels are within 
normal limits. Mr X admits that he injected drugs, on only a couple of occasions, 
at university many years previously.

Mr X is devastated by the diagnosis. His main concern is that he could have 
passed the virus on to his wife and three children. He is reassured that this is 
unlikely, but is advised that the family could be tested by the GP. Further investi-
gations confi rm genotype 1 infection. A liver biopsy shows fi brosis with minimal 
infl ammation. Twelve months’ treatment is planned. Mr X defers treatment for 9 
months because he does not want to start until his 16-year-old son has completed 
his school exams. PEG-IFN and ribavirin are prescribed. Mr X completes the full 
course of treatment with acceptable side effects. His main problems are fl u-like 
symptoms on the day of injection, tiredness, dry itchy skin and, during the fi nal 2 
months of treatment, some shortness of breath on exertion. His haemoglobin level 
falls from pretreatment 15.2 g/L to 11.3 g/L at conclusion of treatment. Mr X 
continues full-time employment during his treatment. At the end of treatment, his 
HCV titre is below the level of detection (PCR-negative). Six months after the end 
of treatment, the virus is still undetectable, confi rming that his HCV infection is 
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cured (he has had a SVR). His liver function is normal, and 2 years after the end 
of treatment, he is discharged from the hepatologist’s care.
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10Autoimmune hepatitis

Introduction

Autoimmune hepatitis (AIH) is a progressive condition of unknown aetiology 
resulting in unresolving hepatocellular infl ammation. It can occur in both children 
and adults, and, as with most autoimmune conditions, is more common in women 
than in men. The diagnosis of AIH is based on recognised clinical and laboratory 
abnormalities, with abnormal levels of serum immunoglobulins and the presence 
of circulating autoantibodies, in conjunction with typical histological features. The 
natural history of the disease is characterised by fl uctuating activity. The majority 
of cases which require treatment respond well. If left untreated, however, severe 
cases incur a high mortality. Ongoing liver injury can ultimately lead to the devel-
opment of cirrhosis, and, with it, the complications of chronic liver disease.

Historical perspective

In 1950, Jan Waldenstrom described a distinct group of young women with raised 
gamma globulins and liver disease of silent onset to the German Society for Diges-
tive and Metabolic Disorders. In the same year, a physician from New York, 
Kunkel, reported on a group of patients with similar features. It was recognised 
that these patients had a complex clinical syndrome including joint pain, acne, 
hirsutism, skin rashes, Cushingoid facies and absence of normal menstruation. In 
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1956 Ian Mackay, an Australian rheumatologist, coined the term lupoid hepatitis, 
and subsequently, the presence of anti-nuclear antibodies in serum was recognised 
as a determining feature of the condition (Reuben, 2003). Although years of 
research have expanded our knowledge of the pathogenesis, natural history, diag-
nostic criteria, complications and treatment of the condition, much remains poorly 
defi ned. After the application of many different labels, the term autoimmune hepa-
titis was accepted in 1992 by a panel of experts (Johnson and McFarlane, 1993).

Pathogenesis

It has been proposed that AIH occurs as a result of an environmental trigger in 
a genetically susceptible individual. This results in activation of the immune 
system against the liver, leading to ongoing infl ammation and subsequent scar 
formation.

Potential triggers

Viruses

The environmental trigger causing immune activation in a susceptible individual 
is not known. Several viruses have been proposed, based on clinical observations 
and associations. These include measles virus, cytomegalovirus (CMV) and Epstein-
Barr virus (EBV) as potential culprits, although the best evidence exists for some 
of the hepatitis viruses. There are numerous cases of autoimmune hepatitis occur-
ring after acute hepatitis A virus infection and cases of an association between 
hepatitis C virus (HCV) infection and type-2 AIH have been described. It is diffi cult 
to prove that viruses are a trigger, since they may induce changes in the cellular 
immune system long before the autoimmune disease becomes manifest.

There are two suggested mechanisms by which viruses could trigger autoimmu-
nity. The fi rst is the phenomenon of molecular mimicry, in which there is a struc-
tural similarity between parts of the virus (viral epitopes) and components of the 
liver (liver antigens). This results in the activation of a clone of T-cells that cross-
react to the virus, but also to self-liver antigens. The second is that the virus triggers 
the release of chemicals which activate a population of autoreactive T-cells that 
interfere with self-antigen processing and presentation.

Drugs

Various drugs have been reported as inducing liver damage which mimics AIH. 
These include oxyphenacetin, methyldopa, nitrofurantoin, diclofenac, interferon, 
minocycline and some of the statins. What is not clear is whether these drugs 
unmask or induce a true AIH or whether they cause a drug-induced hepatitis with 
autoimmune features.
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Genetic susceptibilty

Studies have shown that a family of genes called human leucocyte antigen (HLA) 
genes, found within the major histocompatibility complex (MHC) on the short 
arm of chromosome 6, have a dominant role in the genetic predisposition to AIH. 
HLA molecules present antigens to the immune system. In type 1 AIH, character-
ised by circulating anti-nuclear antibodies (ANA), smooth muscle antibodies 
(SMA), anti-actin antibodies, atypical perinuclear anti-neutrophilic cytoplasmic 
antibody (pANCA), and antibodies to soluble liver and liver pancreas antigens 
(SLA/LP), there is an association with the HLA DR3 and HLA DR4 serotypes. 
Eighty to 85% of patients with type 1 AIH have the DR3 and/or DR4 serotype 
(Czaja et al., 1997).

Genotyping for HLA by PCR techniques shows that the principal susceptibility 
allele amongst white northern Europeans and Americans is HLA-DRB1*0301 (this 
correlates with the DR3 serotype) and the second highest frequency allele is HLA-
DRB1*0401 (which correlates with the DR4 serotype). Each of these two alleles 
codes for a six amino acid motif, found in the antigen binding groove of the HLA 
DR molecule. In South Americans the allele HLA-DRB1*1301 has been found to 
occur with high frequency amongst those with autoimmune hepatitis, just as HLA-
DRB1*0405 does in the Japanese population (where the DR3 association is rare). 
In children HLA-DRB1*03 and HLA-DRB1*13 are seen to occur with high fre-
quency (Krawitt, 2006).

The importance of genes relates not just to susceptibility. The DR3 serotype has 
been seen to be associated with more severe forms of AIH, often in girls and young 
women. DR4 is associated more with adult onset, milder disease, with a better 
response to steroids and often with more extrahepatic manifestations.

In type 2 AIH, characterised by circulating antibodies against liver/kidney micro-
some type 1 (LKM-1) and liver cytosol 1 (LC-1), the HLA-DRB1*0701 allele may 
confer susceptibility, as may DQB1 alleles. Studies suggest that HLA-DR2 may be 
protective against type 2 AIH (Djilali-Saiah et al., 2004).

Other genetic susceptibility mechanisms, involving immune promoter genes 
outside the MHC, have also been studied, although their relevance is uncertain.

Clinical features

Presentation

The incidence of AIH is approximately 2 per 100 000 of the population in white 
northern Europeans. The prevalence is estimated at 17 per 100 000 in the same 
group, although it may be higher than this, as the condition can go unrecognised 
in the presence of chronic viral hepatitis which is very common. All ages are 
affected, particularly with type 1 AIH. Type 2 AIH occurs predominantly in chil-
dren. Overall women are affected more frequently than men with a ratio of 4 : 1. 
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The ratio is higher than this in type 2 AIH, where women are predominantly 
affected. AIH is a global condition which has been reported in most ethnic groups 
(Czaja and Freese, 2002).

The mode of presentation of AIH is varied and 40% of patients present acutely. 
Many of these will have had subclinical disease for some time. A small number of 
patients have a fulminant (acute liver failure) presentation with the development 
of hepatic encephalopathy within 8 weeks of presentation. The majority of patients, 
however, present insidiously, some cases being picked up incidentally in the inves-
tigation of a patient with unexpected abnormal liver function tests. AIH may also 
present during pregnancy and the early postpartum period.

Regarding symptoms at presentation, many patients are asymptomatic and non-
specifi c symptoms, such as lethargy, fatigue, anorexia, nausea, abdominal pain and 
pruritis, are often reported. Joint pain is a common complaint. Patients may also 
present with varying degrees of jaundice, which can be profound in severe cases. 
Less commonly, a patient’s fi rst presentation may be with symptoms related to 
decompensation of chronic liver disease, such as ascites, jaundice, confusion and 
gastrointestinal bleeding. There may also be symptoms related to the presence of 
other autoimmune conditions, such as thyroiditis, ulcerative colitis, type 1 diabetes 
mellitus, rheumatoid arthritis and coeliac disease. A history of these conditions 
should alert the physician to the possible presence of AIH in the relevant setting 
(Krawitt, 2006).

The physical examination of the patient will vary from normal to the presence 
of hepatomegaly, splenomegaly, jaundice and the peripheral stigmata of chronic 
liver disease, including palmar erythema, Duypuytren’s contracture, spider naevi, 
gynaecomastia and caput medusae.

Laboratory abnormalities

The common laboratory abnormalities seen in autoimmune hepatitis are derange-
ment of the liver function tests, elevation of serum globulins and the presence of 
signifi cant concentrations of circulating autoantibodies. Liver function tests often 
show the serum aminotransferases, AST and ALT, to be the predominant abnor-
mality, and these are usually raised more than the serum bilirubin and ALP. There 
are cases which present with a more cholestatic set of liver function tests, but this 
is unusual and requires exclusion of extrahepatic biliary obstruction, drug reac-
tions, primary biliary cirrhosis, primary sclerosing cholangitis or a variant auto-
immune syndrome in the fi rst instance. There is usually a generalised elevation in 
serum globulins, but IgG levels are particularly raised, to 1.2–3 times the upper 
limit of normal.

The common circulating non-organ specifi c autoantibodies are anti-nuclear anti-
body (ANA), smooth muscle antibody (SMA) and anti-liver/kidney microsome 
type 1 (LKM-1). Anti-mitochondrial antibody, the hallmark of another auto-
immune liver disease, primary biliary cirrhosis, is rarely, if ever, present. Further 
autoantibodies, such as anti-actin antibody, soluble liver antigen/liver-pancreas 
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(SLA/LP) antibodies, anti-neutrophil cytoplasmic antibody (ANCA) and anti-liver 
cytosol-1 (LC-1), can support a diagnosis of suspected autoimmune hepatitis if the 
conventional antibodies are negative. Studies have attempted to determine the role 
of these alternative antibodies in achieving a diagnosis of AIH, and also whether 
they are associated with particular clinical characteristics, such as response to 
treatment and prognosis (Czaja and Homburger, 2001).

Classifi cation

A proposed system of classifi cation for AIH is based on autoantibody patterns. This 
arose because of the observation that the clinical features of the disease and HLA 
serotypes vary depending on whether ANA and SMA or LKM-1 antibodies are 
positive. Type-1 AIH is characterised by ANA and SMA at titres equal to or greater 
than 1 : 80. Anti-actin antibodies are more specifi c for type 1 AIH. SLA/LP is actu-
ally the most specifi c antibody for type 1 disease, but is not sensitive, being present 
in only 10–30% of cases. In fact, SLA/LP-positive autoimmune hepatitis has been 
proposed as type-3 AIH, but patients have clinical and laboratory abnormalities 
indistinguishable from those seen in type-1 AIH (Czaja and Manns, 1995).

Type-2 AIH is characterised by anti-LKM-1 positivity. Anti-LC-1 may also be 
present, and usually occurs with LKM-1. Anti-LKM-1 has been seen to occur in 
patients with chronic hepatitis C, but its pathogenicity in this situation is debated. 
Table 10.1 summarises this classifi cation and the differences in clinical features 
between the two main types of AIH. Based on the lack of distinct aetiological 
factors for each of the subclassifi cations, this system has not been endorsed by the 

Table 10.1 Classifi cation of autoimmune hepatitis.

Feature Type 1 autoimmune hepatitis Type 2 autoimmune hepatitis

Characteristic autoantibodies ANA
SMA
Anti-actin antibody
Anti-SLA/LP antibodies
Atypical p-ANCA

Anti-LKM-1 antibody
Anti-LC-1 antibody

Geographic variation Worldwide Worldwide; rare in North 
America

Age at presentation Any age Predominantly childhood 
and young adulthood

Sex of patients Female in c. 75% of cases Female in c. 95% of cases
Clinical severity Broad range Generally severe
Histopathological features at 

presentation
Broad range Generally advanced

Treatment failure Infrequent Frequent
Relapse after drug withdrawal Variable Common
Need for long-term maintenance Variable Approximately 100%
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International Autoimmune Hepatitis Group, but is still frequently referred to in 
clinical practice.

Diagnosis

As AIH is such a heterogeneous condition it can be diffi cult to achieve a fi rm 
diagnosis. The diagnosis requires the presence of characteristic features in conjunc-
tion with the exclusion of other conditions, such as Wilson’s disease, alpha-1-
antitrypsin defi ciency, viral hepatitis, genetic haemochromatosis and drug-induced 
hepatitis. The work-up of a patient with suspected AIH therefore begins with a 
detailed history, including family, social and drug history. In determining the pres-
ence of characteristic features, a liver biopsy is mandatory. Serum aminotransfer-
ases and immunoglobulin levels do not correlate with biopsy fi ndings, including 
cirrhosis. In addition, the non-organ specifi c autoantibodies seen in AIH can also 
be present in other liver diseases, hence their presence alone cannot be diagnostic 
of AIH.

The criteria for the diagnosis of AIH were agreed in 1993 by a group of experts 
who convened to form the International Autoimmune Hepatitis Group (IAHG). 
The system divides the diagnosis into defi nite or probable AIH (Johnson and 
McFarlane, 1993). Criteria were updated in 1999 (Table 10.2). A scoring system 
was devised for use with individual patients to ascertain the strength of the 

Table 10.2 Descriptive criteria for diagnosis of autoimmune hepatitis.

Features Defi nite AIH Probable AIH

Liver histology Interface hepatitis. No biliary 
lesions, granulomas or other 
prominent changes suggestive of a 
different aetiology

Same as for defi nite

Laboratory features Predominant serum aminotransferase 
abnormality. Globulin, γ-globulin 
or IgG concentrations >1.5 × 
upper normal limit

Predominant serum aminotransferase 
abnormality 
Hypergammaglobulinaemia of any 
degree

Serum autoantibodies ANA, SMA or anti-LKM-1 antibodies 
at titres ≥1:80. No AMA

As for defi nite but at titres ≥1:40, or 
other autoantibodies

Viral markers No markers of current infection with 
hepatitis A, B and C viruses

Same as for defi nite

Alcohol and drug 
exposure

Average alcohol consumption 
<25 g/day. No recent use of 
hepatotoxic drugs

As for defi nite but alcohol intake 
<50 g/day

Genetic liver disease Normal α-1-antitrypsin phenotype. 
Normal serum caeruloplasmin, 
iron and ferritin levels

Partial α-1-antitrypsin defi ciency. 
Non-specifi c serum copper, 
caeruloplasmin, iron and/or 
ferritin abnormalities
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diagnosis, giving weight to those factors considered to be more characteristic of 
AIH, and taking points away for features which might favour an alternative diag-
nosis. A pretreatment score of greater than 15 indicates a defi nite diagnosis and 
10–15 a probable diagnosis. Post-treatment, a score of greater than 17 indicates 
a defi nite diagnosis and 12–17 a probable diagnosis (Table 10.3) (Alvarez et al., 
1999).

These diagnostic criteria and scoring system have been criticised for: a) being of 
limited value in everyday clinical practice; b) containing inaccuracies for the diag-
nosis in children; and c) being overly complicated and therefore not user-friendly. 
Attempts to simplify the diagnostic criteria were presented in abstract form in 2005 
(Table 10.4). However, this has yet to be adopted in clinical practice (Hennes 
et al., 2005).

Histology

A diagnosis of defi nite AIH requires the assessment of liver histology by perform-
ing a liver biopsy. The histological features are those of a chronic hepatitis. There 
are no histological lesions that are absolutely diagnostic of AIH, but certain fea-
tures are considered to be typical. Characteristic fi ndings include a periportal 
infi ltrate of infl ammatory cells often with an abundance of plasma cells. This is 
also referred to as interface hepatitis (Figure 10.1, Plate 10). In more severe cases 
this may progress to include a lobular hepatitis. Fibrosis is seen even in mild cases, 
but becomes extensive in advanced disease and culminates in architectural distor-
tion and nodular regeneration, signifying the development of cirrhosis.

It is also common for patients with classical AIH to have bile duct damage 
identifi ed histologically and, in one report, 24% of patients with classical AIH had 

Figure 10.1 Photomicrograph of a liver biopsy specimen from a patient with autoimmune hepatitis, 
showing interface hepatitis with plasma cell infi ltrate (arrowed). Photomicrograph provided by Dr 
Alberto Quaglia. For a colour version of this fi gure, please see Plate 10 in the colour plate section.
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Table 10.3 Scoring system for diagnosis of autoimmune hepatitis.

Parameters/features Score

Female sex +2

ALP:AST (or ALT) ratio:
<1.5
1.5–3.0
>3.0

+2
0

−2

Serum globulins or IgG above normal:
>2.0
1.5–2.0
1.0–1.5
<1.0

+3
+2
+1
 0

ANA, SMA or LKM-1
>1:80
1:80
1:40
<1:40

+3
+2
+1
 0

AMA positive −4

Hepatitis viral markers:
Positive
Negative

−3
+3

Drug history:
Positive
Negative

−4
+1

Average alcohol intake:
<25 g/day
>60 g/day

+2
−2

Liver histology:
Interface hepatitis
Predominantly lymphoplasmacytic infi ltrate
Rosetting of liver cells
None of the above
Biliary changes
Atypical features

+3
+2
+1
−5
−3
−3

Other autoimmune disease(s) +2

Optional additional parameters:
Seropositivity for other defi ned antibodies
HLA DR3 or DR4

+2
+1

Response to therapy:
Remission alone
Remission with relapse

+2
+3

Interpretation of aggregate scores:
Pre-treatment: Defi nite AIH
 Probable AIH
Post-treatment: Defi nite AIH
 Probable AIH

>15
10−15
>17
12−17
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bile duct changes on biopsy. These patients were found to have lower diagnostic 
scores for AIH based on the scoring system described in Table 10.3, but none of 
the patients had a cholestatic clinical syndrome and the response to corticosteroid 
treatment was no different compared with those with no bile duct damage. These 
bile duct changes are not clinically relevant and should not alter management 
(Czaja and Carpenter, 2001).

The appearance of acute-onset AIH differs from that of insidious-onset disease. 
There is less fi brosis, due to the acute nature of the illness, but both interface and 
lobular hepatitis are present, along with often signifi cant hepatic necrosis.

Patients in remission demonstrate histological features of normality or only 
minor portal infl ammation. If cirrhosis was present, this can become histologically 
inactive and fi brosis may regress or even disappear altogether in rare instances.

Complications

Early reports described mortality in untreated severe disease of 40%, at 6 months 
post diagnosis. Of those who survive, 40% develop cirrhosis and 54% of these 
develop oesophageal varices within 2 years of being found to be cirrhotic. Twenty 
percent of those with oesophageal varices die from variceal haemorrhage. Even in 
patients with less severe disease, cirrhosis develops in 50% within 15 years, and 
10% of these patients die from liver failure (De Groote et al., 1978; Czaja and 
Freese, 2002). In patients who go on to develop cirrhosis the complications are 
the same as those associated with chronic liver disease of any aetiology, and include 
the development of ascites, episodes of hepatic encephalopathy and the presence 
of portal hypertension resulting in varices and the potential for massive gastro-
intestinal haemorrhage. Although less common than in chronic viral hepatitis, 
primary hepatocellular carcinoma (HCC) is an important complication of AIH. A 
prospective study showed that based on annual assessment of alpha-fetoprotein 

Table 10.4 Simplifi ed diagnostic criteria for autoimmune hepatitis.

Parameter Level/feature Score

ANA or SMA >1:40 1 pt
>1:80 2 pts

IgG or gammaglobulins >upper normal limit 1 pt
>1.156 × upper normal limit 2 pts

Liver histology Compatible with AIH 1 pt
Typical AIH 2 pts

Absence of viral hepatitis No 0 pt
Yes 2 pts

≥6 pts: probable AIH
≥7 pts: defi nite AIH
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and liver ultrasound one patient (0.5%) developed HCC in 1732 patient-years of 
follow-up and one of 88 patients with cirrhosis (1%) developed HCC in 1002 
patient-years of follow-up after being diagnosed cirrhotic (Park et al., 2000). More 
recent reports suggest that the development of HCC in AIH is not as rare as these 
results would imply and that it can also follow an aggressive course.

Variant syndromes

The major autoimmune liver diseases aside from AIH are primary biliary cirrhosis 
(PBC) and primary sclerosing cholangitis (PSC), although whether PSC has a true 
autoimmune basis is debated. It is not uncommon for patients to present with AIH 
and features of either PBC or PSC. It is not clear whether these cases represent a 
distinct clinical entity or fall within a spectrum of autoimmune hepatopathies. The 
diagnosis of each of these conditions requires the presence of a pattern of charac-
teristic features, rather than any one individual diagnostic criterion. These entities 
have been designated as overlap syndromes or outlier syndromes and as yet there 
are no standardised diagnostic criteria. It is common for autoimmune conditions 
to occur together in the same individual and the presence of co-existing features 
of AIH and those of PBC, for example, has been likened to type 1 diabetes and 
autoimmune thyroiditis existing in the same patient.

AIH–PBC overlap

Initially thought to be rare, more recent studies identifi ed AIH–PBC overlap in 8–9% 
of patients with PBC. Studies vary in the criteria used to determine what is classifi ed 
as AIH–PBC overlap. Generally, one expects to see raised AST and ALT with 
markers of cholestasis (raised ALP and GGT), a rise in IgG and IgM, positive 
AMA (PBC-specifi c AMA) and histology compatible with AIH, described 
elsewhere.

There are no controlled trials of treatment in this group. A suggested approach 
to management is to determine whether the hepatitic or cholestatic component 
predominates (Woodward and Neuberger, 2001). In a patient with high amino-
transferases, serum ALP less than twice the upper limit of normal and moderate 
to severe interface hepatitis on biopsy the use of corticosteroid therapy in the form 
of prednisolone may be appropriate. In those with more cholestatic features, bio-
chemical remission is often achieved with a combination of steroids and urso-
deoxycholic acid (UDCA) 13–15 mg/kg daily (Ben-Ari and Czaja, 2001). The use 
of azathioprine has not been determined in this group, but its effectiveness in the 
long-term management of AIH may make it a plausible alternative for long-term 
immunosuppression, and the maintenance of remission in AIH–PBC overlap. Liver 
transplantation should be considered for end-stage disease.

One German study also identifi ed a group with typical features of PBC but 
a more hepatitic component, with good response to corticosteroids and genetic 
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susceptibility markers of AIH such as HLA DR3 and DR4. The name PBC, hepa-
titic form was suggested (Lohse et al., 1999). Similarly there are patients with PBC 
who have positive ANA, but no other markers of AIH. As the features are pre-
dominantly those of PBC this would not be considered by most to be an overlap 
syndrome. These variants, however, do serve to demonstrate what a heterogeneous 
group of disorders the autoimmune liver diseases are.

AIH–PSC overlap

Cases of an overlapping syndrome where features of both AIH and PSC are present 
have also been reported. AIH–PSC overlap may be suspected in cases where chol-
angitis is identifi ed histologically, infl ammatory bowel disease is present (based on 
its strong association with PSC) or where corticosteroid therapy fails. Cholangi-
ography is indicated in these patients. Studies have identifi ed the presence of 
AIH–PSC overlap in 6% of patients with AIH based on review of the liver biopsy 
and in 8% of 113 PSC patients by applying the internationally agreed scoring 
system for the diagnosis of AIH (Czaja, 1998). In studies from the 1980s and 
1990s, most overlapping cases were originally diagnosed as AIH, and cholangio-
graphy showing bile duct changes diagnostic of PSC was only carried out after 
follow-up liver biopsies on these patients revealed bile duct abnormalities. It was 
therefore presumed that in these cases AIH had evolved to develop features of 
sclerosing cholangitis. Without the benefi t of cholangiography at the time of pre-
sentation it is impossible to say whether there may have been overlapping features 
present from the time of the initial diagnosis.

A 16-year prospective study in children carried out in one unit investigated the 
biliary anatomy of patients presenting with features of AIH. Those with cholan-
giopathy were labelled as having autoimmune sclerosing cholangitis (ASC). They 
found that half of the 55 children studied had abnormal cholangiography and, of 
these, 35% had no evidence of bile duct damage on liver biopsy. Thus the scleros-
ing cholangitis component of their disease would not have been suspected had 
endoscopic retrograde cholangiopancreatography (ERCP) not been performed. 
Follow-up of these patients showed that the two groups are very similar in their 
mode of presentation and response to immunosuppressive treatment, the only dif-
ference being the involvement of the biliary tree (Gregorio et al., 2001).

Some studies have shown a good response to standard immunosuppressive regi-
mens of prednisolone and azathioprine, but reports of effi cacy vary. The combina-
tion of immunosuppressive agents and UDCA is appropriate in this situation, and 
in end-stage disease, liver transplantation should be considered, although the 
disease may occur again in the transplanted liver.

Sequential presentation of overlap/PSC

In addition to patients who present with features of both AIH and PBC, or PSC 
at fi rst presentation, there is also a phenomenon of cases, in which an existing 
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diagnosis of classical PBC evolves to exhibit features of AIH (this can also occur 
with AIH and PSC) (Poupon et al., 2006). In those cases they have been termed 
sequential syndromes rather than overlap syndromes. It is suggested that AIH 
superimposed on pre-existing PBC, if not recognised early, can progress rapidly to 
end-stage liver failure.

Treatment

Since the 1970s, when the immunosuppressant drugs azathioprine and 6-mercap-
topurine were seen to be effective in autoimmune diseases, and the benefi t from 
corticosteroids was proven in randomised controlled trials, AIH has been consid-
ered a treatable condition. Studies show that 65–80% of patients have a successful 
response to treatment, and modern data suggest that 10-year survival is greater 
than 90% in patients receiving treatment, although 20-year survival may be less 
than 80%. In patients with cirrhosis at diagnosis, survival is less than 40% at 
20 years (Roberts et al., 1996). In a disease affecting often a young population 
these are signifi cant fi gures, and therefore liver transplantion may need to be 
considered.

Treatment indications

There have been three randomised controlled trials that have shown clinical and 
histological improvement with the use of corticosteroids in severe AIH. Later 
studies have shown that patients with cirrhosis respond just as well. Trials have 
not looked at response rates in milder disease so the indications to treat in this 
group are not so clear. Fifty percent of patients with mild to moderate disease 
develop cirrhosis in 15 years and 17% of those with interface hepatitis develop 
cirrhosis in 5 years, but have a normal 5-year life expectancy. Hence the risk/
benefi t ratio of treatment in this group is not stratifi ed and treatment recommenda-
tions are made on an individual basis (Table 10.5).

Table 10.5 Indications for treatment.

Absolute Relative

Serum AST ≥10 × upper normal limit Symptoms (fatigue, joint pains, jaundice)
Serum AST ≥5 × upper normal limit and γ-globulin 

level ≥2 × normal
Serum AST and/or γ-globulin less than absolute 

criteria
Bridging necrosis or multiacinar necrosis on 

histological examination
Interface hepatitis
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Treatment regimens

Prednisolone and azathioprine are the two agents most commonly used in the 
treatment of AIH. The results from initiating prednisolone (40 mg/day) on its own 
or when compared with a combination of lower dose prednisolone (20 mg/day) 
and azathioprine are similar in terms of clinical, biochemical and histological 
remission in cases of severe AIH. There are less corticosteroid side effects from the 
combination regimen (10% vs. 44%), hence combination therapy is often pre-
ferred. Using corticosteroids, 80% get cosmetic side effects, such as Cushingoid 
appearance (moon face) and acne, after 2 years. Severe side effects, such as psy-
chosis, vertebral compression due to osteoporosis and diabetes can occur after 18 
months of prednisolone at a dose of >10 mg daily. Thirteen percent of patients on 
corticosteroids experience side effects which require dose reduction or cessation 
of therapy (Heneghan and McFarlane, 2002).

The complications arising from azathioprine toxicity include nausea, vomiting, 
bone marrow suppression, cholestatic hepatitis, veno-occlusive disease, pancreati-
tis and skin rashes. These occur in less than 10% of those receiving a dose of 
50 mg daily. Azathioprine is a pro-drug for 6-mercaptopurine which is eliminated 
via the enzyme thiopurine methyltransferase (TPMT). This enzyme is encoded by 
a highly polymorphic gene. Low enzyme activity is prevalent in 0.3% of the popu-
lation, resulting in a build-up of drug metabolites and increased toxicity. Interme-
diate activity is prevalent in 11% of the population. Pre-treatment testing for 
TPMT activity may therefore predict the potential for toxicity and should be con-
sidered in all patients, especially those with pre-treatment cytopenia. In addition 
there is a risk of cancers developing in relation to immunosuppressant treatment. 
The frequency of extrahepatic malignancy is 5% with a median treatment duration 
of 42 months. No specifi c cell type is affected (Johnson et al., 1995; Heneghan 
and McFarlane, 2002).

Patients receiving long-term corticosteroids should be monitored for the devel-
opment of cataracts and glaucoma and bone densitometry should be considered if 
there are concerns regarding osteoporosis. Patients receiving long-term predniso-
lone at a dose of 7.5 mg or more daily, particularly post-menopausal women, may 
benefi t from treatment with calcium and vitamin D to prevent bone loss. Patients 
on azathioprine require close monitoring of leucocyte and platelet counts, particu-
larly within the fi rst few months of therapy. A regimen for therapy is given in 
Table 10.6.

Treatment end-points

Treatment for AIH continues until either remission is achieved, treatment fails, 
there is an incomplete response or until drug toxicity stops further treatment with 
the same regimen. Ninety percent of patients have some improvement in their AST, 
bilirubin and gamma-globulins within 2 weeks, although it usually takes at least 
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12 months to achieve complete remission. The chance of achieving remission 
declines after 2 years of treatment. Histological improvement usually lags 6 months 
behind clinical and biochemical improvement, which should be taken into account 
when making decisions about attempting treatment withdrawal (Czaja and Freese, 
2002).

Remission

Remission is defi ned as the absence of symptoms, normal AST, normal bilirubin 
and gamma-globulins, and histology which has reverted to normal, portal hepatitis 
only or inactive cirrhosis. Sixty-fi ve percent achieve remission in 18 months with 
treatment and 80% achieve remission in 3 years. Maintenance doses of predniso-
lone and/or azathioprine should remain stable until remission is achieved.

Withdrawal of treatment

A liver biopsy may be performed prior to withdrawing therapy in a patient sus-
pected to be in remission, but this is not essential. Fifty-fi ve percent of patients 
with a normal AST and gamma-globulins will still have interface hepatitis on 
biopsy and they will invariably relapse if treatment is stopped. If histological 
assessment is not carried out, it is wise to wait for at least 6 months after normali-
sation of aminotransferases before stopping treatment to account for the lag in 
histological improvement. Withdrawal of treatment involves gradually reducing 
the dose of prednisolone over a period of 6 weeks or more and then stopping 
azathioprine. Symptoms and laboratory results should be monitored frequently 
during treatment withdrawal and for 3 months afterwards, following which 
patients require careful outpatient follow-up.

Table 10.6 Treatment regimens for adults.

Prednisolone only 
(mg/day)

Combination

Prednisolone (mg/day) Azathioprine (mg/day)

Week 1 60 30 50
Week 2 40 20 50
Week 3 30 15 50
Week 4 30 15 50
Maintenance until 

end-point
20 10 50

Reasons for 
preference

Cytopenia
TPMT defi ciency
Pregnancy
Malignancy
Short course (≤6 months)

Post-menopausal state
Osteoporosis
Brittle diabetes
Obesity
Acne
Emotional lability
Hypertension
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Relapse

Relapse denotes an increase in disease activity after induction of remission and 
cessation of therapy. If relapse occurs there is an increased risk of progression to 
cirrhosis, and its complications. The reported risk of relapse varies widely between 
studies: 20% of those with normal liver histology prior to treatment withdrawal 
will relapse, compared with 50% who relapse at 6 months in those patients with 
portal hepatitis. Those who progress to cirrhosis during treatment or have interface 
hepatitis frequently relapse. In reality most patients require long-term maintenance 
therapy.

There are two main approaches to the management of relapse. The fi rst is the 
indefi nite low-dose prednisolone strategy, where the steroid dose is reduced by 
2.5 mg per month until such stage as there are no symptoms and the AST is less 
than fi ve times the upper limit of normal. This approach may be considered more 
appropriate in women of childbearing age. The second regimen is the indefi nite 
azathioprine strategy, which avoids glucocorticoid-related complications. The aza-
thioprine dose is increased to 2 mg/kg/day then prednisolone is tapered off by 
2.5 mg/month. A large study showed that 87% of patients on long-term azathio-
prine maintenance remained in remission for a median follow-up period of 67 
months. The disadvantages of this strategy include the presence of joint pains on 
steroid withdrawal, which occurred in 63% of patients, and the risk of myelosup-
pression and the development of malignancy (Johnson et al., 1995).

Treatment failure

Treatment failure denotes the situation where a patient never enters remission and 
where worsening of clinical, laboratory and histological features are seen, despite 
compliance with medication. This occurs in less than 10% of cases. A suggested 
treatment regimen for this group is to use high-dose prednisolone (60 mg daily) 
or prednisolone 30 mg with azathioprine 150 mg daily for 1 month, then to reduce 
the steroid by 10 mg and azathioprine by 50 mg each month until a maintenance 
level is achieved. Seventy percent will improve in 2 years using this approach, 
although most remain on treatment long term with the ensuing risk of drug toxicity 
and disease progression. Hepatic decompensation during therapy for treatment 
failure may be an indication for liver transplantation.

Alternative agents

In cases of incomplete response, where there is improvement with treatment but no 
remission after 3 years, and cases where drug toxicity necessitates cessation of medi-
cation, alternative agents may be considered. Ursodeoxycholic acid (UDCA) has been 
used, as have budesonide, cyclosporin, 6-mercaptopurine, methotrexate, cyclo-
phosphamide, mycophenolate mofetil and tacrolimus  (Heneghan and McFarlane, 
2002).
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Pregnancy and autoimmune hepatitis

It was previously felt that pregnancy was a rare occurrence in patients with AIH, 
due to reduced fertility in association with other endocrine conditions, or due to 
amenorrhoea secondary to hypothalamic–pituitary dysfunction (Heneghan et al., 
2001). In the presence of cirrhosis, amenorrhoea and anovulation are common, 
thus pregnancy remains uncommon in this group. Several studies show that with 
less active disease, or disease well controlled by treatment, uncomplicated preg-
nancy and delivery of a healthy child is a realistic expectation. Chapter 16 provides 
further discussions in relation to pregnancy in AIH.

Liver transplantation

In patients with AIH who progress to end-stage liver disease, the indications for 
liver transplantation are similar to those for chronic liver disease of any aetiology. 
These include complications of cirrhosis, such as recurrent ascites, spontaneous 
bacterial peritonitis, hepatic encephalopathy and recurrent variceal bleeding, and 
the development of hepatocellular carcinoma. In the Child-Pugh grading system 
of cirrhosis, where grades A, B and C denote increasing severity of symptoms and 
diminishing liver synthetic function, transplantation may be considered when a 
patient with slowly progressive disease reaches Child-Pugh grade B cirrhosis. Other 
indications for liver transplantation more specifi c to AIH include failure to achieve 
remission. Inability to induce remission with corticosteroids after 4 years predicts 
the likely need for liver transplantation, which should be considered at the fi rst 
episode of decompensation (Devlin and O’Grady, 1999).

An important indication for liver transplantation in AIH is patients presenting 
with acute liver failure (ALF), which may require the patient to be listed for trans-
plantation with ‘super-urgent’ priority. Some physicians advocate that even these 
patients should receive a trial of steroids, as there are reports of treatment being 
successful and avoiding the requirement for transplantation, but the issue is 
debated. Chapter 13 provides a more comprehensive discussion of the management 
of ALF.

The fi ve-year patient and graft survival rates in patients transplanted for AIH 
are reported at 83–92% with 10-year survival of 75%. Autoantibodies and 
immunoglobulins usually normalise within 1 year. Disease recurrence in the 
allograft occurs in around 42% of patients transplanted for AIH. Recurrence is 
usually mild and responds well to corticosteroid treatment, however, cirrhosis and 
graft failure do occur. Patients transplanted for AIH are also at greater risk of 
developing acute and chronic graft rejection, compared with patients transplanted 
for other aetiologies, and are therefore at greater risk of graft loss. Care is taken 
in these patients to keep immunosuppressant levels robust, particularly in the early 
post-transplant period, to prevent rejection of the graft (Neuberger, 2002).
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De novo AIH

A syndrome of post-transplant graft dysfunction resembling AIH has been identi-
fi ed in patients grafted for all causes of liver disease. No specifi c risk factors for 
this have been identifi ed, although some studies have suggested the presence of 
autoantibodies, which may be directed to an antigen not present in the recipient, 
i.e. a donor-derived antigen. Most patients respond to increased immunosuppres-
sion and steroids, but graft failure can occur (Czaja, 2002).

Chapter summary

In summary, AIH is a progressive condition characterised by abnormal liver bio-
chemistry, raised serum globulins and circulating non-organ specifi c autoantibod-
ies with portal and periportal infl ammation. The cause is unknown, but is likely 
to be due to an environmental trigger in a genetically susceptible individual. Stan-
dard treatment is with corticosteroids with or without azathioprine and most 
patients respond well, although long-term maintenance therapy is often required. 
There are groups of patients who present acutely, present late or with progressive 
disease, or who are refractory to or intolerant of drug treatment in whom liver 
transplantation may be considered.

Illustrative case study

A 26-year-old woman presented to her doctor complaining of a 6-week history 
of fatigue, lethargy and mild joint pains. On examination she had evidence of 
hepatomegaly and appeared mildly jaundiced. Screening blood tests confi rmed 
abnormalities in the liver function tests, and she was referred urgently to a local 
gastroenterologist.

Further history elicited at the time of her initial hospital outpatient assessment 
revealed that she had had similar symptoms 2 years previously, which were mild, 
and for which she did not seek medical advice. She was otherwise previously fi t 
and well. There was no history of recent exposure to any prescribed or over-the-
counter medications or herbal remedies. Her mother was on long-term thyroxine 
replacement for hypothyroidism and her sister had recently been diagnosed with 
coeliac disease. She consumed up to 10 units of alcohol per week, had no history 
of blood transfusions or body tattoos and had never abused recreational drugs. 
Ear piercing had been performed with sterile equipment. Physical examination 
confi rmed mild hepatomegaly and jaundice, with no evidence of active synovitis 
or cutaneous stigmata of chronic liver disease.
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Initial laboratory investigations revealed (normal laboratory values in brackets): 
bilirubin 105 μmol/L (<17 μmol/L), ALP 240 IU/L (35–115 IU/L), ALT 2570 IU/L 
(3–30 IU/L), albumin 36 g/L (36–54 g/L), globulin 73 g/L (25–35 g/L), IgG 
40.6 g/L (7.00–18.60 g/L), ANA +ve (titre 1 : 640), anti-SMA +ve (titre 1 : 320), 
hep A-C and E negative, liver ultrasound scan normal. On the basis of these results 
a liver biopsy was performed. The fi ndings were reported as showing interface 
hepatitis with an abundance of plasma cells, and some spill-over into the lobule. 
Moderate portal fi brosis was noted. By the IAHG scoring system she was calcu-
lated to have a pre-treatment score of +19, suggesting a ‘defi nite’ diagnosis of 
AIH.

Treatment was commenced with prednisolone 40 mg daily, which was tapered 
by 10 mg every 2 weeks until maintaining a dose of 20 mg daily. After 4 weeks 
the bilirubin had fallen to 35 μmol/L and ALT to 157 IU/L with an IgG of 21 g/L. 
At this stage azathioprine was introduced at a dose of 50 mg daily, with the pred-
nisolone dose being reduced by 5 mg weekly from this point until achieving main-
tenance doses of azathioprine 50 mg plus prednisolone 10 mg daily. The patient 
continued to make good clinical improvement with normalisation of the bilirubin, 
ALT, globulin and IgG fractions, and after 6 months prednisolone was gradually 
withdrawn.
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11Primary biliary cirrhosis and 
primary sclerosing cholangitis

Introduction

This chapter will discuss two autoimmune disorders that affect the biliary tree and 
ultimately lead to liver cirrhosis. Primary biliary cirrhosis (PBC) and primary 
schlerosing cholangitis (PSC) affect different genders and ages, however both have 
various hypothesised causes and are associated with other autoimmune and infl am-
matory diseases. The aetiology and presentation of these are considered, as well 
as the diagnostic criteria and management of the diseases and their symptoms.

Primary biliary cirrhosis

PBC is a chronic and progressive autoimmune disease, characterised by infl amma-
tion and destruction of the interlobal bile ducts, leading to biliary cirrhosis (Levy 
and Lindor, 2003). Up to 90% of patients with PBC are women aged between 40 
and 60 years; however case studies have reported extreme variations of this. 
Disease prevalence ranges from 100–200/million and it is found worldwide amongst 
all ethnic groups (Poupon and Poupon, 2006).

There is no cure for PBC and therefore treatment is aimed at slowing disease 
progression and controlling symptoms such as osteoporosis, pruritis (itching) and 
portal hypertension, until liver transplantation.

Danielle Fullwood
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Pathophysiology

As with most autoimmune diseases, the aetiology remains unknown. However 
there are several hypotheses, including genetic, immune and environmental.

There may be a genetic element as studies have shown that patients with PBC 
have a 4–6% prevalence of the disease in fi rst-degree relatives (Levy and Lindor, 
2003). However the focus has been on immune factors as the likely cause. Patients 
with PBC have a 3–15 times higher occurrence of co-existing autoimmune dis-
orders such as Sjögren’s syndrome, Raynauld’s syndrome, or autoimmune thyroid 
disease than their siblings (Talwalker and Lindor, 2003).

Patients with PBC have a variety of immune disturbances with the presence of 
increased cytokines, T-cell infi ltration of the biliary tree, a plethora of circulating 
antibodies and increased immunoglobulin M. Autoantobodies found in the serum 
include anti-smooth muscle, anti-thyroid, anti-platelet, anti-acetylcholine, lympho-
toxic and anti-nuclear antibodies (ANA). The latter are found in up to half of 
people with PBC (Kaplan and Gershwin, 2005).

It is thought that 96% of people with PBC have anti-mitochondrial antibodies 
(AMAs) in their serum. Many see this as an indication or at least a precursor of 
PBC. AMAs can be detected in the serum before any symptoms are apparent 
(Kaplan and Gershwin, 2005). AMAs are present in all nucleated cells of the 
body although their action is only directed against the intrahepatic bile ducts. It 
is possible, therefore, that there are differences in the biliary epithelium of people 
with PBC causing it to react to the presence of AMA, which elecits an immune 
reaction (Kaplan and Gershwin, 2005).

This difference may be the release of pyruvate dehydrogenase E2 complex (PDC-
E2) from the biliary cells. AMAs target this and react to the PDC-E2 and a response 
from T- and B-cells is seen. The infi ltration of T-cells increases cytokine production, 
possibly resulting in destruction of the intrahepatic bile ducts. People with early 
PBC have evidence of a T-cell response to PDC-E2, showing an impaired tolerance 
to this complex (O’Donohue and Williams, 1996).

Both bacteria and viruses have been suggested as possible trigger factors. Urinary 
tract infections (UTIs) caused by Escherichia coli are found signifi cantly more in 
people with PBC than those without the disease, and are associated with elevated 
serum levels of AMAs (Gershwin et al., 2005). Other hypothesised pathogens have 
included myobacteria gordonae and Salmonella typhimurium (Sherlock and 
Dooley, 2002). It may be possible that these bacteria mimic the PDC-E2 complex 
causing an immune response (Poupon and Poupon, 2006).

Presentation

In the early stages of PBC patients are often asymptomatic, a phase that is esti-
mated to last 15–20 years (Mahl and O’Grady, 2006). Consequently the disease 
is often detected by the presence of abnormal liver function tests such as elevated 
ALP, as shown in Table 11.1. However, most asymptomatic patients will eventually 
develop symptoms of PBC.
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Findings on clinical examination are primarily independent of the stage of the 
disease and may be normal in asymptomatic patients. However the most common 
presenting symptoms include pruritus and fatigue, which do not necessarily cor-
relate with either laboratory or histological fi ndings. Jaundice may never develop, 
but in the majority of patients it appears within 6 months to 2 years after the onset 
of pruritis and is indicative that the disease is in its fi nal stages (Sherlock and 
Dooley, 2002). Patients with end-stage PBC may present with spider naevi, ascites, 
oedema and proximal wasting (Kaplan and Lee, 2004).

Prolonged cholestasis leads to cholesterol deposits under the skin resulting in 
xanthelasma around the inner eye and xanthoma on the palms and buttocks, which 
are seen in 10–20% of patients (Figure 11.1, Plate 11). However, the development 
of xanthoma does not correlate with either the serum cholesterol or triglyceride 
concentrations. Skin hyperpigmentation that resembles tanning due to melanin can 
be seen in early stages of PBC (Kaplan and Lee, 2004).

Diagnosis

Laboratory fi ndings

The common laboratory fi ndings in patients with PBC are demonstrated in Table 
11.1, however, these will vary between asymptomatic and symptomatic patients. 
A diagnosis of PBC can be made if there is evidence of serum AMA in titres greater 
than 1 : 40, a cholestatic liver profi le in the absence of any other explanation and 
an elevated IgM (Heathcote, 2000). Hepatic synthetic function is usually well 
preserved until the later stages therefore serum albumin and prothrombin time 
(PT) are usually normal (Neuberger, 2000).

Table 11.1 Laboratory fi ndings on presentation of PBC and PSC.

Biochemical marker PBC PSC

Alkaline phosphatase Increased Increased
Gamma-glutamyltranferase Increased Increased
Aminotransferases (AST or ALT) Normal or mildly increased Normal or mildly increased
Bilirubin Normal Increased
Cholesterol Increased Normal

Immunoglobulins
IgM Moderate to marked increase Normal or mildly Increased
IgG Normal or mildly increased Mild or moderately increased
IgA Normal or mildly increased Normal or mildly increased
INR Normal Normal

Autoanitibodies (% with titres >1:40)
ANA or SMA 30–40% 20%
AMA 90% 0



180 Liver Diseases

Radiology

Radiology has little part to play in the diagnosis of PBC (Neuberger, 2000). 
However an abdominal ultrasound scan may be useful to rule out bile duct 
obstruction. Endoscopic retrograde cholangiopancreatography (ERCP) is usually 
not needed but may be useful in AMA-negative patients to exclude conditions such 
as PSC.

Histology

A liver biopsy is not always considered necessary for diagnosis, but considered 
useful for disease staging. Histological lesions are divided into four stages as dem-
onstrated in Table 11.2, however overlap between stages and non-uniform changes 
are common (Sherlock and Dooley, 2002).

Figure 11.1 Both xanthelasma and pigmentation in a patient with primary biliary cirrhosis. Repro-
duced with permission from Sherlock S, Dooley J (2002) Diseases of the Liver and Biliary System, 11th 
edn. Blackwell Publishing. For a colour version of this fi gure, please see Plate 11 in the colour plate 
section.
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Complications of primary biliary cirrhosis

Fatigue

Fatigue is thought to affect up to 85% of patients with PBC, which has a signifi cant 
impact on quality of life (Neuberger, 2000). Although the aetiology of fatigue is 
poorly understood, it is thought to be as a result of a decrease in corticotropic-
releasing hormone, altered serotonin neurotransmission and the presence of cyto-
kines (Jorgenson, 2006). There is no treatment for fatigue but it is imperative to 
exclude any other causes, e.g. hypothyroidism, depression, altered sleeping pat-
terns, exercise and caffeine and alcohol intake (Swain, 1999).

Pruritis

Pruritus is a common presenting symptom, occurring in 65% of patients with PBC. 
In most cases the pruritus is moderate; however pruritus can be severe in approxi-
mately 5–10% of cases (Poupon and Poupon, 2006). The pathogenesis of pruritus 
in PBC is unknown but increased deposits of bile acids and endogenous opioid 
accumulation are found in people with the disease, which may be contributing 
factors (Swain, 2000). When cholestasis occurs, opioid receptors are also thought 
to be upgraded, increasing the opioid effect. Most treatments are directed towards 
either reducing bile acids or reversing the opioid effect.

The itching typically starts at the feet and palms of the hands before becoming 
more generalised, and can be exacerbated by numerous factors. Therefore educa-
tion plays an important role. As heat can exacerbate pruritus, patients should be 
advised to take tepid showers or a cool bath, and to avoid spicy foods. Because 
pruritus is often associated with dry skin, health care professionals should do a 
detailed examination to assess the hydration status of the patient and the dryness 
of their skin. Keeping the skin moist with emollient (moisturiser) is imperative. 
Whilst several products are available, aqueous cream BP is usually adequate when 
applied twice daily (Twycross et al., 2003). Patients should be advised to avoid 
soap and any perfumed products, which dry the skin, and to be aware of the impact 

Table 11.2 Histological staging of PBC and PSC.

Stage Histological fi ndings in PBC Histological fi ndings in PSC

1 Damage to the lining of the bile ducts causes 
them to shrink and to become infl amed. At 
this stage the infl ammation is isolated to 
the portal triads

Portal oedema, infl ammation of ductal 
proliferation, abnormalities do not 
extend beyond limiting plate

2 There is a reduction in the number of normal 
bile ducts and the infl ammation spreads to 
the liver tissue

Periportal fi brosis with or without 
infl ammation extending beyond the 
limited plate

3 Fibrous tissue builds up between the portal 
triads

Septal fi brosis, bridging necrosis or both

4 Nodular cirrhosis is seen Biliary cirrhosis
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of a dry environment. The use of room humidifi ers may be of benefi t (Bosonnet, 
2003). Topical irritants such as wool or synthetic fabrics should be avoided, and 
patients should be encouraged to wear loose clothing, particularly at night when 
the itching can be worse.

Repeated scratching can result in damage to the skin, therefore nails should be 
kept short in order to minimise harm. Patting the skin in a circular motion can 
also provide relief from the itch without causing skin breakage.

Medical treatments for pruritus are summarised in Table 11.3, however chole-
styramine (Questran®) or colestipol are the mainstay in therapy and are successful 
in 90% of patients with mild to moderate pruritus. Depending on the severity of 
the cholestasis, it takes 1–4 days from the initiation of cholestyramine before the 
itching reduces (Kaplan and Lee, 2004). Side effects include altered bowel habits 
and bloating, though colestipol is less constipating than cholestyramine. Rifampi-
cin is the second line of therapy but this has been associated with hepatotoxicity. 
Antihistamines have little effect on pruritus and can make patients drowsy.

Other treatments such as albumin dialysis and plasmapharesis have been studied 
with some suggested benefi ts, although further research is necessary to prove their 
effi cacy.

Metabolic bone disease

Osteoporosis is frequently noticed before the diagnosis of PBC. The pathophysiol-
ogy of this is relatively unknown, however it may be caused by a decrease in 
osteoblast activity and an increase in osteoclast activity, which have been found 
to occur in PBC (Neuberger, 2000). The standard treatment for osteoporosis is 
calcium and vitamin D supplements (Levy and Lindor, 2003). Patients should be 
encouraged to abstain from smoking to reduce the risk of osteoporosis. Dietary 
management plays a signifi cant role and is discussed further in Chapter 14.

Table 11.3 Pharmacological treatments for pruritus.

Drug Method of action Dosing and administration Other information

Cholestyramine Resin not absorbed in 
the gastrointestinal 
tract. Able to join with 
bile acids to form an 
insoluble complex in 
the intestine

Recommended for pruritus 
associated with PBC in 
doses of 4–16 mg/day 

Binds other oral drugs 
therefore they should 
be taken 1 hour before 
or 4–6 hours after 
Cholestryamine to 
avoid any interference 
with absorption

Colestipol Bile acid resin 5 mg orally
Rifampicin Competes with bile acids 

for hepatic uptake
150 mg, twice daily Side effects include liver 

disturbance and toxicity
Naloxone, 

nalmephene, 
naltraxate

Opioid antagonists Not yet licensed for use 
in pruritus
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Fat-soluble vitamin defi ciency

Cholestasis can lead to malabsorption of fat-soluble vitamins (A, D, E and K), but 
this is normally in advanced or severe PBC (Sherlock and Dooley, 2002). Patients 
therefore should have their vitamin levels monitored and low levels treated accord-
ingly. Dietary advice regarding fat-soluble vitamin defi ciency is discussed further 
in Chapter 14.

Steatorrhoea

Steatorrhoea is normally treated with a low-fat diet and supplements of medium 
chain triglycerides (MCT) to maintain a reasonable caloric intake (Kaplan and 
Lee, 2004).

Disease management

The main drug therapy currently used for the treatment of PBC is ursodeoxycholic 
acid (UDCA). UDCA is a hydrophilic bile acid found endogenously in the body. 
There are multiple mechanisms of action suggested, some of which include 
(Sherlock and Dooley, 2002):

� Stimulates excretion of toxic bile acids
� Increases anion exchange in the liver
� Reduces HLA class 1 expression on bile ducts therefore decreasing cytolytic 

attack of T-cells on bile ducts
� Inhibits the production of nitric oxide synthase

Liver biochemistry, levels of IgM, fatigue and pruritus have all been found to 
improve with the administration of UDCA. However there is limited evidence that 
UDCA prolongs survival or decreases the need for liver transplantation (Palmer, 
2004; Mahl and O’Grady, 2006).

UDCA should be given to early cases of PBC in doses of 13–15 mg/kg/day after 
an evening meal. If cholestyramine is being administered for pruritus, then UDCA 
should be given several hours after the ingestion of this drug (Heathcote, 2000). 
The systematic reviews of other pharmacological treatment trials that have been 
tested in patients not responding to UDCA monotherapy are demonstrated in 
Table 11.4.

Prognosis

The prognosis of individual PBC patients is important to establish the optimum 
time of liver transplantation. A serum bilirubin >100 μmol/L (6 g/dL), is associated 
with a survival of less than 2 years (Sherlock and Dooley, 2002). Other consider-
ations relate to signs of advanced liver disease and portal hypertension, severe 
pruritus or osteoporosis, or complications such as hepatocellular carcinoma.
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Several prognostic models can be applied. The Mayo model takes into account 
factors such as age, total bilirubin, albumin, PT and the presence or absence of 
oedema and ascites (Poupon and Poupon, 2006). This model can predict life 
expectancy and is independent of liver biopsy.

Liver transplantation

One-year survival after transplantation in PBC is about 85–90% and 75% at 5 
years (Poupon and Poupon, 2006). There is evidence that PBC recurs in the donor 
graft after transplantation. Studies have shown that around 14% of patients will 
go on to get some evidence of disease recurrence, although it is usually a very slow 
progression. Often it is completely asymptomatic and only evident on liver biopsy 
(Jacob et al., 2006).

Primary sclerosing cholangitis

PSC is a chronic cholestatic disorder of unknown aetiology that is characterised 
by diffuse infl ammation and fi brosis that involves the entire biliary tree. 
The pathological process obliterates intra- and extrahepatic bile ducts, which 
leads to biliary cirrhosis, portal hypertension and liver failure (Narayanan 
Menon and Wiesner, 2006). There is no cure for PSC and treatment involves 
the management of symptoms until the damage progresses, necessitating liver 
transplantation.

Table 11.4 Systematic reviews of other pharmacological therapies tested in PBC.

Drug name Proposed action Systematic review fi ndings Reviewers

D-penicillamine Reduction of hepatic 
copper and 
immunomodulatory 
effects

Numbers of adverse 
incidents signifi cantly 
increased with use of 
D-penicillamine. Did 
not improve survival

Gong et al. (2004)

Colchicine Immunomodulatory and 
antifi brotic effects

No effect on outcome, 
mortality, biochemistry 
or histology

Gong and Gluud (2004)

Glucocorticoids Immunosupressive effects Improved liver 
infl ammatory markers 
and histology seen. 
BMD lowered

Prince et al. (2005)

Methotrexate Immunosuppresive effects Increased mortality seen Gong and Gluud (2005)
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Pathophysiology

Despite advances in the understanding of PSC, the pathophysiology of the disease 
remains relatively unknown; however there are growing indications that immune 
mechanisms are involved. Other postulated theories have suggested genetic infl u-
ences and viral or bacterial infections.

PSC is very strongly associated with infl ammatory diseases affecting the large 
bowel, including ulcerative colitis and, to a lesser extent, Crohn’s disease. Infl am-
matory bowel disease (IBD) is seen in 80% of patients with PSC and up to 7.5% 
of patients with ulcerative colitis have PBC (Narayanan Menon and Wiesner, 
2006). However, PSC may exist without any evidence of IBD.

The most accepted theory for the pathogenesis of PSC is that it is caused by 
immune-mediated damage of the bile ducts (Narayanan Menon and Wiesner, 
2006). Support for this theory comes from the immunological abnormalities 
reported, which include the presence of increased titres of perinuclear anti-
neutrophilic cytoplasmic antibodies (PANCA), and anti-neutrophil cytoplasmic 
antibodies (ANCA), which are found in people with PSC and which persist after 
liver transplant (Sherlock and Dooley, 2002).

There is a strong genetic predisposition to the development of PSC. Both family 
clustering and an association between certain human leucocyte antigen (HLA) 
haplotypes (HLA-B8, HLA DR2, HLA-DR3, HLA-DR6) have been reported, sug-
gesting genetic susceptibility (Narayanan Menon and Wiesner, 2006). However, 
there is no evidence that PSC can be inherited as a single gene disorder (Sherlock 
and Dooley, 2002). Bacterial and viral infections have been implicated but there 
is limited evidence supporting this theory.

Presentation

Seventy percent of patients with PSC are men, where it commonly presents in the 
fourth decade of life. Disease prevalence is thought to be 8.5 cases per 100 000 
population (Wiesner, 2004).

Patients can be asymptomatic, but present with abnormal liver biochemistry 
on routine investigation. A cholestatic picture is commonly seen with a rise in 
ALP and GGT (Table 11.1), usually in the early stages of the disease. Asymptom-
atic elevation of ALP and a history of ulcerative colitis are highly suggestive 
of PSC.

However, the majority of patients present in the symptomatic phase, character-
ised by pruritus, fatigue, abdominal pain, intermittent jaundice and weight loss 
which occurs in 75% of patients (Narayanan Menon and Wiesner, 2006). Other 
signs and symptoms include bacterial cholangitis and those associated with portal 
hypertension (oesophageal varices, splenomegaly and ascites).
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Diagnosis

Imaging

An ultrasound scan is useful to exclude other causes of cholestasis. Imaging of the 
biliary tree with either a percutaneous transhepatic cholangiogram (PTC) or endo-
scopic retrograde cholangiopancreatograph (ERCP) is considered the gold stan-
dard to make a diagnosis of PSC (Wilkinson, 1992). The disease is characterised 
by both dilation and stricturing of the entire bile duct, which gives the impression 
of a bead-like effect (DeSouza, 1997). However, it has been suggested that mag-
netic resonance cholangiography may avoid the necessity of an invasive cholangi-
ography when a diagnosis is the overall aim of the procedure (Angulo and Lindor, 
1999).

Histology

Even after a cholangiogram has established the diagnosis of PBC, a liver biopsy is 
necessary for disease staging (Angulo and Lindor, 1999). The histological staging 
of the disease can be made into four categories depending on disease severity, as 
shown in Table 11.2.

Complications of primary sclerosing cholangitis

Several complications are seen in both PSC and PBC, which are related to cho-
lestasis, as previously discussed. However there are some complications that are 
unique to this disease.

Biliary strictures

Up to 15–20% of patients with PSC will develop a dominant stricture in the 
extrahepatic bile ducts, and 30% may form small hepatic stones or pigmented 
debris (Levy and Lindor, 2003). Strictures are treated at ERCP with dilatation 
or stents, which have been associated with an improvement in quality of life 
(Narayanan Menon and Wiesner, 2006). However, these procedures are associated 
with the occurrence of bacterial cholangitis and although prophylactic antibiotics 
are given, their effectiveness has been found to be limited in some studies (Pohl et 
al., 2006). If there are many small strictures in the intrahepatic ducts then dilata-
tion may not be effective.

Biliary reconstruction is also an option for patients with strictures. Survival 
rates, for those without cirrhosis after reconstructions, have been found to be sig-
nifi cantly higher than for those patients who had stenting. However, if cirrhosis 
is present then neither stenting nor reconstruction has proved successful. Trans-
plantation is therefore recommended if cirrhosis has occurred (Ahrendt et al., 
1998).



PBC and PSC 187

Cholangitis

Bacterial cholangitis is rare in the absence of biliary obstruction. Infection is pre-
sumed to ascend from the gut, in which the presence of biliary strictures results in 
the overgrowth of enteric organisms in the upper small intestine (Sherlock and 
Dooley, 2002). Signs and symptoms usually include those of biliary obstruction 
(jaundice, dark urine, pale stool), pain and fever. Management is primarily aimed 
at fl uid and pain management and treatment with broad-spectrum antibiotics after 
blood cultures have been taken. ERCP and stenting or dilatation may also be 
indicated. The associated mortality is 5–10%.

Cholangiocarcinoma

Patients with PSC have a higher incidence of developing cholangiocarcinoma than 
the normal population, with a reported prevalence of 10–20% (Figure 11.2). The 

Figure 11.2 ERCP showing cholangiocarcinoma.
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reasons for this are relatively unknown, but have been associated with smoking, 
older age and longer duration of IBD (Angulo and Lindor, 1999). Once diagnosed 
with cholangiocarcinoma, survival is less than 10% in 2 years (Narayanan Menon 
and Wiesner, 2006). A diagnosis of cholangiocarcinoma is also a contraindication 
to transplantation, due to the high recurrence rate of this cancer in the donor organ 
(Mahl and O’Grady, 2006). The risk of pancreatic cancer is increased by 14-fold 
compared to the normal population, and colon cancer is reported as ten times 
higher in PSC patients (Levy and Lindor, 2003).

Prognostic survival models

The mean survival from diagnosis is 10–12 years. Predictive survival is based on 
clinical, biochemical and histological features which are considered useful for both 
the evaluation of therapeutic interventions and the timing for liver transplantation 
(Narayanan Menon and Wiesner, 2006). Several models have been proposed and 
include the Mayo PSC model, which is based on the patient’s bilirubin, age, his-
tological staging, haemoglobin, and the presence of infl ammatory bowel disease, 
and is thought to be useful in early disease stages (Sherlock and Dooley, 2002). 
Alternatively the Child-Pugh or MELD scores are also frequently used.

Disease management

Trials have failed to demonstrate any signifi cant benefi ts of several pharmacologi-
cal therapies in disease progression, including immunosuppressants (cyclosporin, 
azathioprine, methotraxate, and tacrolimus), corticosteroids and antifi brotic agents 
(colchicine) (Narayanan Menon and Wiesner, 2006).

The success of using UDCA in patients with PBC has led to trials being con-
ducted to test the drug effi ciency and safety in PSC patients (Levy and Lindor, 
2003). Doses are normally prescribed at 15–20 mg/kg, and whilst some improve-
ments in liver biochemistry have been found, they make no difference in the time 
from diagnosis to transplantation.

Sigmoidoscopy and rectal biopsy should be performed in all patients who have 
not previously been diagnosed with ulcerative colitis. In patients with PSC and 
ulcerative colitis, proctocolectomy is frequently performed due to indications rel-
evant to infl ammatory bowel disease and bowel cancer (Narayanan Menon and 
Wiesner, 2006).

Symptoms of the disease can be managed but at present no treatment is available 
to slow the disease progression. Liver transplantation is indicated for end-stage 
liver disease if hepatic encephalopathy, oesophageal varices, recurrent bacterial 
cholangitis or refractory ascites are present (Lee and Kaplan, 1995). Survival rates 
post liver transplantation are reported to be 90–97% at 1 year and 85–88% at 5 
years (Narayanan Menon and Wiesner, 2006).
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Recurrence of PSC in the donor graft has been found to be 8–15% and is 
occasionally a cause of signifi cant graft dysfunction (Mahl and O’Grady, 2006). 
This recurrence is associated with the patient being male and having an 
intact colon before or during transplantation. Patients who have a colectomy 
before or during the transplant procedure are less likely to get a recurrence of the 
disease and there is a prolonged time before transplantation is needed in these 
patients (Vera et al., 2002). However, it should be noted that histological appear-
ances of PSC are diffi cult to distinguish from graft rejection (Sherlock and Dooley, 
2002).

Chapter summary

This chapter has discussed two autoimmune disease processes that cause the 
destruction of part or the entire biliary tree. The diseases are characterised by 
raised levels of particular autoantibodies and immunoglobulins. The resulting liver 
damage causes debilitating symptoms, such as profound lethargy and pruritus, as 
well as stigmata of chronic liver disease in advanced stages. Health care profes-
sionals should be aware of the pathophysiology of these diseases and educate 
patients and their relatives regarding the management of symptoms associated with 
them. Despite advancement in pharmacological therapies, transplantation is still 
required by many patients.

Illustrative case study

A 37-year-old white male presented to his GP with a 2-month history of altered 
bowel habits, experiencing six to eight episodes of diarrhoea per day, some with 
bright blood fl ecks. On examination his abdomen was soft and non-tender and 
his rectal examination was normal. He was referred for a colonoscopy and blood 
taken for full blood count and biochemistry.

Six weeks later the patient was experiencing regular diarrhoea up to 10 times 
per day and had lost 3 kg in weight. The colonoscopy report showed red, ulcerated 
areas of colon, which were biopsied. The laboratory investigations revealed an 
increase in liver enzymes with an ALP 262 IU/L and a GGT 86 IU/L. All other 
results were within normal ranges.

Results of the biopsies showed ulcerative colitis, for which he was prescribed 
prednisolone. An ultrasound was ordered which demonstrated a dilated common 
bile duct, which was confi rmed on CT.

Due to the patient’s age, gender, diagnosis of IBD, cholestatic biochemistry 
and dilated bile ducts, an ERCP was performed due to the suspicion of PSC. This 
confi rmed PSC with multiple intra- and extrahepatic biliary strictures.
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The patient was commenced on UDCA at 15 mg/kg. A subsequent liver biopsy 
found evidence of stage 2 disease progression. Twelve months later the patient was 
experiencing intermittent bouts of jaundice with presence of a dominant stricture 
on ERCP. This was treated with dilation and stenting. Histological fi ndings revealed 
the disease had progressed to stage 3, and the patient was experiencing both 
pruritus, and fatigue. He was additionally commenced on cholestyramine.
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12Metabolic liver disease

Introduction

There are several liver diseases caused by enzyme defects in the body’s metabolic 
pathways. A large proportion of these present in childhood and, with advances in 
medical care, including transplantation, children are surviving into adulthood. 
While nurses may meet patients with a number of paediatric metabolic diseases, 
such as glycogen storage disease or Crigler Najjar, the focus of this chapter is on 
the metabolic liver diseases most commonly seen in adulthood. The chapter will 
discuss presentation, diagnosis and clinical management of patients with Wilson’s 
disease, haemochromatosis, alpha-1-antitrypsin defi ciency, cystic fi brosis liver 
disease and porphyria.

Wilson’s disease

Wilson’s disease (WD) is a rare but treatable disorder with an estimated incidence 
of 1 : 30 000 (Schilsky, 1996). Patients present from childhood to late adulthood 
with a diverse range of symptoms including acute and chronic liver disease and 
neuropsychiatric manifestations. WD was fi rst described in 1912 by Kinnear 
Wilson, who noted progressive degeneration of lenticular nuclei with associated 
liver cirrhosis during a review of a series of autopsies. WD is attributed to a gene 
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mutation coding for ATPase copper transporting beta polypeptide (ATP7B), which 
is located on chromosome 13 and expressed predominantly in the liver (Das and 
Ray, 2006). Over 300 mutations have been identifi ed, the most common in central, 
eastern and northern Europe being H1069Q (Ferenci, 2006). No single mutation 
predominates, therefore genetic testing in not a diagnostic tool for index cases. 
However, as an autosomal recessive disorder, there is a 25% chance of siblings 
being affected therefore ATP7B mutation analysis is important for confi rming 
diagnosis and family screening (Brewer and Askari, 2005)

The body requires 1–2 mg of copper a day which is obtained through dietary 
intake. It is absorbed mainly in the duodenum by binding to the protein metallo-
thionein in the enterocytes. The copper-containing molecules bind with amino 
acids, polypeptides and albumin and are transported to the liver. Copper in the 
liver cells aids various enzyme processes and excess copper is excreted from the 
liver in bile. About 50% of metabolisable copper is stored in the muscles and bone, 
15% in the liver and the remainder in the brain, heart and kidneys. The liver is 
central to copper homeostasis, which is regulated by hepatocytes mainly through 
biliary excretion or by binding the copper to caeruloplasmin. Caeruloplasmin is a 
glycoprotein synthesised by hepatocytes independent of the amount of copper. 
Copper binds to caeruloplasmin, which enables renal excretion. Excretion through 
the biliary system depends on glutathione and the ATP7B protein. Bound copper 
in the bile cannot be reabsorbed in the intestine, ensuring faecal excretion 
(Steinberg and Sternlieb, 1996; Loudianos and Gitlin, 2000).

The exact pathogenesis of copper accumulation in WD is unknown but the main 
hypotheses are:

� Diminished synthesis of caeruloplasmin by the liver. As a singular cause, this 
does not explain the accumulation of copper because 5–25% of patients with 
WD have normal caeruloplasmin. Furthermore, patients with acaeruloplasmi-
naemia, a congenital defi ciency, have no excess copper

� A block in transfer at the site of the hepatocyte uptake to the lyosomes. This 
might involve a defi ciency or abnormality in a copper-binding protein or 
enzyme required for intracellular transport of the metal

� Reduced biliary excretion as a result of mutations in ATP7B

Clinical presentation

The most common presentation of WD is hepatic and/or neuropsychiatric but none 
of the presenting features are typical or diagnostic. A summary of the clinical 
manifestations of WD is shown in Table 12.1.

Acute hepatic Wilson’s disease

Acute or fulminant liver failure occurs in approximately 5% of WD patients, 
6–12% of all acute liver failure (ALF) patients in adults. There is an increased 
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preponderance in females (3 : 1) although the reason for this is unclear. The onset 
is rapid with typical features of ALF: coagulopathy and hepatic encephalopathy 
(see Chapter 13). There are usually no neurological symptoms and there can be 
an absence of Kayser-Fleischer (KF) rings, therefore rapid diagnosis is often not 

Table 12.1 Clinical manifestations of Wilson’s disease. Adapted 
from Ala et al. (2007); Das and Ray (2006)

Hepatic
 Increased transaminases
 Chronic hepatitis
 Cirrhosis
 Acute liver failure

Neurological
 Tremor
 Choreiform movements
 Parkinsonism or partial Parkinsonism
 Gait disturbances
 Dysarthria
 Pseudobulbar palsy
 Rigid dystonia
 Seizures
 Migraine headaches
 Insomnia 

Ophthalmic
 KF rings
 Sunfl ower cataracts

Psychiatric
 Depression
 Neuroses
 Personality changes
 Psychosis 

Haematological
 Acute non-immunological haemolytic anaemia
 Epistaxis 

Orthopaedic
 Chondrocalcinosis
 Osteoarthritis
 Metabolic bone disease
 Juvenile polyarthritis
 Recurrent fracture and dislocation

Cardiovascular
 Arrythmias
 Rheumatic fever-like manifestations

Renal
 Renal tubular acidosis
 Hypercalciuria
 Microscopic haematuria and/or minimal proteinuria

Dermatological
 Hyperpigmentation 

Gynaecological 
 Primary or secondary amenorrhoea
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possible. Often diagnosis is made following transplantation or death. During this 
acute phase there is a large amount of copper released from the necrotic hepato-
cytes causing severe Coombs-negative haemolytic anaemia. Liver histology shows 
massive necrosis (Das and Ray, 2006; Ala et al., 2007).

Chronic hepatic Wilson’s disease

Chronic presentation is usually with chronic hepatitis or cirrhosis. Symptoms are 
non-specifi c: hepatosplenomegaly, ascites and jaundice. The younger the patient is 
at the time of diagnosis the greater the severity of liver disease. Disease progression 
depends on the effectiveness of treatment. Patients who develop end-stage liver 
disease have all the associated complications, such as portal hypertension, oesoph-
ageal varices etc. An increased risk of developing hepatocellular carcinoma (HCC) 
in later adulthood has been noted in WD, more often in males (Gollan and Zakko, 
2004; Brewer and Askari, 2005; Ala et al., 2007).

Neuropsychiatic Wilson’s disease

Approximately 40–50% of patients with WD have neuropsychiatric symptoms. 
These usually present between the second and third decade, however neurological 
and behavioural problems can be present in younger WD patients and have been 
noted in patients up to 72 years of age. In those who have neuropsychiatric symp-
toms, behavioural symptoms occur prior to neurological symptoms in 50% of 
cases. Neurological abnormalities can be classifi ed as: akinetic–rigid symptom 
similar to Parkinson’s disease; pseudosclerosis-dominated tremor; ataxia; or dys-
tonic syndrome (Ala et al., 2007). However, there is varied neuropsychiatric pre-
sentation (Table 12.1), which contributes to the diffi culty in diagnosis. MRI is a 
valuable diagnostic instrument. Typically lesions are found in the putamen, globus 
pallidus, caudate, thalamus, midbrain, pons and cerebellum. Cortical atrophy and 
white matter changes can also be seen on MRI in WD patients.

Diagnosis

Diagnosis of WD is based on a number of clinical and laboratory abnormalities 
but no single test confi rms WD (Ferenci, 2004). A summary of the diagnostic tests 
of WD is shown in Table 12.2.

Caeruloplasmin

Caeruloplasmin is an acute-phase reactant so levels may be elevated because of 
other infl ammatory causes (Scheinberg and Sternlieb, 1996).
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Urinary copper

Urinary copper excretion in WD is inconsistent, varying from normal in asymp-
tomatic patients to >157 μmol/24 hours in symptomatic patients and those with 
acute liver failure (Gollan and Zakko, 2004). Penicillamine promotes the urinary 
excretion of copper therefore a penicillamine challenge can be made (da Costa et 
al., 1992). D-Penicillamine 0.5 gm is administered prior to the 24-hour urine col-
lection. However Gollan and Zakko (2004) advocate that this does not reliably 
distinguish WD from other liver diseases.

Liver biopsy

The normal hepatic copper content of the liver is less than 50 μg/g dry weight. A 
hepatic copper concentration >250 μg/g dry weight when accompanied by low 
caeruloplasmin is usually indicative of WD. However, high values of liver copper 
are seen in other liver conditions (Table 12.2). Ferenci et al. (2003) proposed an 
algorithm to aid the diagnosis of WD as no test is specifi c (Figure 12.1) and sub-
sequently a score has been developed (Table 12.3). A score ≥4 is indicative of WD, 
2–3 is probable but more tests are required and WD is unlikely with a score 0–1 
(Ferenci, 2004).

Kayser-Fleischer rings

Kayser-Fleischer (KF) rings are a greenish brown ring on the cornea, present in 
90% of symptomatic WD patients (Figure 12.2, Plate 12). The ring is caused by 
granular deposits of copper on the membrane of the cornea. KF rings can occasion-
ally be seen by the naked eye or ophthalmoscope, however a slit lamp examination 
is usually required (Ferenci, 2003).

Table 12.2 Diagnostic tests of Wilson’s disease. Adapted from Ferenci et al. (2003).

Test Diagnostic range Limitations

Serum caeruloplasmin <0.2 g/L Low levels seen in protein-losing enteropathy, 
nephritic syndrome, Kwashiorkor

24-hour urinary 
copper excretion

>1 μmol/24 hours Elevated urine copper levels in autoimmune 
hepatitis, sclerosing cholangitis, chronic 
active hepatitis and nephritic syndrome

Hepatic copper >250 μg/g dry weight Acute cholestasis, Alagille syndrome and 
sclerosing cholangitis

KF rings Present Present in patients with prolonged cholestasis, 
primary biliary cirrhosis
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Family screening

WD is a genetic disorder therefore once it has been diagnosed in an index case 
evaluation of the family is important as there is a 1 in 4 chance siblings could be 
affected (Ferenci, 2004). Screening involves clinical examination, liver function 
test, caeruloplasmin and 24-hour urinary copper levels. If WD is present in asymp-
tomatic siblings, chelation therapy (see below) is needed for life.

Management

Diet

A low-copper diet is not usually necessary, however patients should be advised 
to avoid foods with a high copper content. These include nuts, chocolate, 

Table 12.3 Scoring system for the diagnosis of Wilson’s disease. (ULN = upper limit of normal)

Parameter Score

Symptoms
KF rings (slit lamp examination)
 Present
 Absent
Neuropsychiatric symptoms or typical brain MRI
 Present
 Absent
Coombs negative haemolytic anaemia plus high serum copper
 Present 
 Absent

2
0

2
0

1
0

Laboratory investigations
Urine copper in the absence of acute hepatitis
 Normal
 1–2 × ULN
 >2 × ULN
 Normal but >5 × ULN after penicillamine challenge
Liver copper
 Normal
 Up to 5 × ULN
 >5 × ULN
Serum caeruloplasmin
 Normal
 0.1–0.2 g/L
 <0.1 g/L

0
1
2
2

0
1
2

0
1
2

Mutation analysis
Disease causing mutations on both chromosomes
Disease causing mutations on one chromosome
No disease causing mutations

4
1
0
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Neurological
symptoms  

No neurological
symptoms  

Diagnosis of
Wilson's disease

established  

Urinary
copper  

Diagnosis of
Wilson's disease

very unlikely

Limited
mutation
analysis  

Liver
copper

Normal 

Normal 

Increased  

Suspicion still
high 

>250 µg/g 

CPL low low low
+ + ++

low
– – ––

normal normal normal normal
KFR

Figure 12.1 Algorithm for diagnosing Wilson’s disease. Adapted from Ferenci (2003). (CPL = caeru-
loplasmin; KFR = Kayser-Fleischer rings)

Figure 12.2 Kayser-Fleischer ring in a patient with Wilson’s disease. Reproduced with permission from 
Ryder SD, Beckingham IJ (2001) ABC of diseases of liver, pancreas, and biliary system: Other causes 
of parenchymal liver disease. British Medical Journal 322:290–292. For a colour version of this fi gure, 
please see Plate 12 in the colour plate section.
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mushrooms, shellfi sh, liver and kidneys. A patient’s drinking water source may 
also need to be checked if supplied through copper piping as this can increase 
dietary copper intake (Roberts and Schilsky, 2003).

Pharmacological therapy

Life-long pharmacological therapy is required to treat patients with WD. The aim 
of treatment is to ‘decopper’ the liver, i.e. promote excretion of excess circulating 
copper. Pharmacological agents currently used in WD are summarised in Table 
12.4. The American Association for the Study of Liver Disease (AASLD) practice 
guidelines on WD state initial treatment of all symptomatic patients should include 
the chelating agents, penicillamine and trientine. In the UK only penicillamine has 
a licence for initial use. Trientine is licensed for use in patients who develop toxic 
side effects to penicillamine.

Penicillamine reduces the copper bound to protein, and therefore increases 
urinary excretion. Excretion can be as much as 1000–3000 μg/day. However, 
penicillamine is associated with numerous side effects (Table 12.4), which 
occur in approximately 20% of patients (Sherlock and Dooley, 2002). In order 
to prevent the occurrence of side effects, penicillamine is introduced at a 
lower dose and gradually increased until the patient tolerates a full dose. If patients 
are unable to tolerate penicillamine they can be converted to trientine, which 
has a similar action. Both penicillamine and trientine are potentially teratogenic. 
In an early publication, Walshe (1986) reported 11 normal pregnancies in seven 
patients with WD, all of whom were receiving trientine. Cessation of chelation 
therapy can be fatal so chelation therapy needs to be continued throughout 
pregnancy.

Other pharmacological therapies that are currently used are zinc acetate or sul-
phate and ammonium tetrathiomolybdate (TTM). Both medications interfere with 
the absorption of copper in the intestine. TTM is currently not available in the 
UK. Zinc has been advocated for use in pre-symptomatic patients identifi ed through 
family screening. Zinc can also be given with penicillamine as it has a different 
action of eliminating copper. Zinc is chemically similar to copper therefore should 
never be administered together with penicillamine or it will be chelated in the same 
way. Future therapies include antioxidants (vitamin E and N-acetylcysteine) to 
reduce the oxidant damage in the liver, and gene therapy (Ryder and Beckingham, 
2001; Brewer, 2005).

Liver transplantation

Liver transplantation is the treatment of choice in patients presenting with 
fulminant WD, in those in whom medical therapy is ineffective or for patients 
with decompensated cirrhosis. Survival rates are as high as 87% but total reversal 
of all neurological symptoms is not always possible (Roberts and Schilsky, 
2003).
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Table 12.4 Drugs used in the treatment of Wilson’s disease.

Drug Action Dose Side effects

Penicillamine Chelator, promotes cupuresis Initial therapy:
1.5–2 g in divided doses before food 

for 1 year
Maintenance dose: 
0.75–1 g a day

Nausea, anorexia, skin reaction, leucopenia, 
thrombocytopenia, aplastic anaemia, 
proteinuria

Trientine Chelator, promotes cupuresis 1.2–2.4 g/day in two to four divided 
doses

Nausea, rash, rarely anaemia

Zinc Reduces copper absorption from the 
gastrointestinal tract

Maintenance dose: 
50 mg q8 h

Gastric irritation, less commonly sideroblastic 
anaemia and leucopenia

Ammonium tetrathiomolybdate Reduces absorption of copper from the 
gastrointestinal tract 

Renders copper unavailable for celluar 
uptake

40 mg TDS (dose divided to during 
and post meal times)

Anaemia, bone marrow depression
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Haemochromatosis

Haemochromatosis is ‘an iron-loading disorder caused by genetically determined 
failure to prevent unneeded dietary iron from entering the circulatory pool and is 
characterised by progressive parenchymal iron overload with the potential for 
multiorgan damage and disease’ (Pietrangelo, 2006). While there are fi ve types of 
haemochromatosis (Table 12.5), 90% of patients have type 1 HFE haemochroma-
tosis, which will be the main focus of this chapter.

Only 10% of dietary iron intake is absorbed in the intestine, which is the body’s 
mechanism of regulating iron metabolism. Iron is stored in the liver and is required 
for erthyropoesis. The body has diffi culty in excreting iron, the only way is through 
bleeding. This may explain why women tend to present much later than men 
because of the protective action of menstruation and child birth. Defects in 
the genes associated with iron metabolism (Table 12.5) result in increased absorp-
tion of iron. Excess is stored in the hepatocytes but iron deposits can also accu-
mulate in endocrine glands and heart. The time for symptoms to develop depends 
on the mutation. HFE and TfR2 mutations occur in a milder form mostly in middle 
age, whereas patients with the more severe forms (hemojuvelin gene (HJV) and 
hepcidin antimicrobial peptide (HAMP)) present and often die before 30 years of 
age (McFarlane et al., 2000; Mahl and O’Grady, 2006).

Presentation

Similarly to WD, haemochromatosis does not have any specifi c symptoms but it 
needs to be suspected in middle-aged men with cirrhosis, bronze skin, diabetes, 
joint infl ammation and heart disease (Pietrangelo, 2006). The most common symp-
toms are fatigue, malaise, arthralgia and hepatomegaly, therefore haemochroma-
tosis might not be suspected until there is signifi cant, irreversible organ damage. 
While the liver is the primary site of damage, iron deposits in other organs can 
lead to a number of other conditions, such as diabetes, heart failure, arthritis, 
hypothyroidism and increased pigmentation (bronze skin).

Table 12.5 Types of haemochromatosis.

Type Mutation

1 HFE gene
2: juvenile (type a and b) HJV or HAMP genes
3 Transferrin receptor 2 (TfR2) gene
4 Mutation of ferroportin gene
5 Rare forms due to mutations in caeruloplasmin, transferrin or divalent 

metal transporter 1 (DMT1) gene
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Diagnosis

Standard liver function tests are of limited use in the initial diagnosis of haemo-
chromatosis as these are only mildly elevated and give no indication of the 
underlying condition (McFarlane et al., 2000). If haemochromatosis is undetected 
the elevation in liver function tests will correlate with the development of 
cirrhosis. Brissot and de Bels (2006) suggest a four-stage process in diagnosing 
haemochromatosis:

1. Investigate transferrin saturation level (serum iron divided by total iron 
binding capacity (TBC) × 100), the earliest biochemical indicator. Haemo-
chromatosis would be suspected if this was elevated >80%

2. Perform genetic tests, typically C282Y mutation
3. Quantify the iron overload using plasma ferritin level. Mild overload 

<500 μg/L, moderate 500–1000 μg/L and severe >1000 μg/L (this would be 
accompanied by severe clinical complications)

4. Stage the phenotypic manifestion:
� Stage 0: no biochemical or clinical symptoms
� Stage I: increased transferrin, normal ferritin, no clinical symptoms
� Stage II: increased transferrin, increased ferritin, no clinical symptoms
� Stage III: increased transferrin, increased ferritin, clinical symptoms
� Stage IV: increased transferrin, increased ferritin, clinical symptoms 

causing organ damage, i.e., cirrhosis

Management

The reduction of systemic iron overload is key to the management of haemochro-
matosis, therefore the main treatment involves removal of accumulated iron 
through therapeutic phlebotomy. This should be started when the patient is at 
stage II. Signifi cant quantities of blood need to be removed to achieve a ferritin 
level of <50 μg/L. One unit of blood (approximately 400–500 mL) removes 250 mg 
of iron. Patients may have 200 times this amount (Sherlock and Dooley, 2002) 
therefore weekly or twice weekly venesection with the removal of one unit of blood 
is necessary to achieve the desired serum ferritin level and transferrin saturations 
of <30% (EASL, 2000). Due to fl uctuations in ferritin levels, it is advised these 
are checked every 10–12 venesections. Haemocrit should be checked before each 
session with the target range being no lower than 20% below the previous level 
(Tavill, 2001). It may take 2–3 years to adequately reduce stored iron to a ferritin 
level of <50 μg/L (Pietrangelo, 2004). Once iron stores have been mobilised, main-
tenance phlebotomy will vary depending on the individual, ranging from once a 
month to three or four times a year to prevent re-accumulation (Tavill and 
Kowdley, 2004). Chelation with desferrioxamine is only used if venesection is 
contraindicated, i.e. anaemia.

Therapeutic phlebotomy will relieve symptoms such as malaise, fatigue, skin 
pigmentation and abdominal pain, and improve liver function tests. Cirrhosis, 
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diabetes, hypogonadism and arthritis cannot be reversed but the disease progres-
sion can be slowed. In addition improvements in fi brosis and insulin requirements 
have been noted (Pietrangelo, 2004). It is important nurses caring for patients with 
haemochromatosis with diabetes take into consideration blood glucose levels 
whilst patients are undergoing venesection therapy. This requires careful monitor-
ing and adjustment of insulin or tablet therapy (Clayton and Holt, 2006). Patients 
may benefi t from being referred to an endocrinologist or diabetic nurse specialist 
for advice and effective management during this phase of treatment.

The risk of HCC is increased 200-fold in patients with cirrhotic haemochroma-
tosis; therefore it is important patients are screened every 6–12 months with 
ultrasonography and measurement of alpha-fetoprotein (AFP) levels. After the 
de-ironing process HCC can still occur (see Chapter 17 for further information).

Dietary management

Patients need to be educated to avoid food with a high iron content, e.g. red meat, 
fortifi ed cereals etc., therefore a dietetic referral is important. Patients also need 
to avoid high doses of ascorbic acid, citric acid and vitamin C because ascorbic 
acid increases the absorption of iron. Dietary supplements containing iron are also 
not recommended (Tavill and Kowdley, 2004). There is evidence to suggest that 
alcohol can accelerate disease progression and increase iron absorption therefore 
reduced alcohol intake is recommended.

Liver transplantation

Survival post liver transplant for end-stage liver disease due to haemochromatosis 
is known to be poorer than other conditions, with a 50–60% survival at 1 year 
(Tavill and Kowdley, 2004). Over time the allograft may be at risk of iron re-
accumulation (Bacon, 2006). Cardiac- or infection-related complications can also 
arise, particularly in patients who are not diagnosed or treated prior to transplan-
tation (Tavill, 2001).

Screening

Screening is recommended in two target populations: in patients with unexplained 
liver disease or diabetes with hepatomegaly; and in patients who are asymptomatic 
but are fi rst-degree relatives of haemochromatosis sufferers with unexplained 
abnormal liver function tests (Tavill, 2001). It has been advocated that all fi rst-
degree relatives should be screened (Bacon, 2006).

Alpha-1-antitrypsin defi ciency

Alpha-1-antitrypsin defi ciency (A1ATD) is a common autosomal disease predo-
minantly in Caucasian people. It results in pulmonary disease and to a lesser extent 
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liver disease, being the most common paediatric metabolic disorder requiring 
liver transplantation (Abusriwil and Stockley, 2006; Bonkovsky and Reichheld, 
2006). The disease prevalence varies geographically with disease incidence ranging 
from 1 : 1700 in northern Europe to 1 : 1800–2000 in the USA (Quist et al., 
2000).

Alpha-1-antitrypsin (AAT) is a serine protease inhibitor, which is secreted pri-
marily in the liver parenchymal cells and to a lesser extent in macrophages. It is 
present in tears, duodenal fl uid, saliva, nasal secretions, cerebrospinal fl uid, pul-
monary secretions and milk (Morrison and Kowdley, 2000). AAT protects tissues 
by inactivating a variety of proteases including trypsin, neutrophil elastase, colla-
genase and chymotrypsin. The pathogenesis of chronic liver disease associated with 
A1ATD remains controversial, with several postulated theories which include: 
proteolytic imbalance due to decreased serum AAT; secondary to an abnormal 
immune response; and overaccumulation of protein within the hepatocytes causing 
direct hepatocyte injury (Quist et al., 2000). Pulmonary injury occurs due to the 
diminished protection of AAT from the damage of neutrophil elastase, which leads 
to the degradation of elastic tissue and the eventual development of emphysema 
(Abusriwil and Stockley, 2006).

The gene encoding for AAT is located on chromosome 14q3, however more 
than 90 genetic variants (allele) have been identifi ed by studying electrophoreto-
grams of serum AAT. The alleles (phenotypes identifi cation: Pi) are named alpha-
betically according to the alleles migration speed on isoelectric focus gel. Conse-
quently the letter A is indicative of a fast migration, whereas the letter Z is indica-
tive of a slower migration (Abusriwil and Stockley, 2006; Bonkovsky and Reich-
held, 2006). M is the most common allele, accounting for 95% of those found in 
Caucasian people, whilst S and Z are the most common mutant alleles (Bonkovsky 
and Reichheld, 2006). Liver disease is primarily associated with the PiZZ pheno-
type in which the risk of homozygous offspring inheriting the disorder is 1 in 4 if 
both parents are carriers of the Z mutation. PiZZ phenotype is associated with 
the development of liver disease in about 15–30% and affects both children and 
adults (Quist et al., 2000). Hepatic manifestations of A1ATD in children are 
coagulopathy, protracted jaundice and neonatal hepatitis. Adults present with 
chronic hepatitis, cirrhosis and HCC (Mahl and O’Grady, 2006).

Diagnosis

A1ATD should be a differential diagnosis in jaundiced neonates, infants who have 
failure-to-thrive or poor feeding, and any patient who presents with unexplained, 
asymptomatic hepatomegaly, elevated transaminases, chronic hepatitis, cirrhosis, 
portal hypertension or HCC of unknown aetiology (Rosen and Schwartz, 2004). 
Diagnosis can be confi rmed by:

� Serum alpha-1 phenotype determination (Pi typing) by isoelectric focusing or 
immunofi xation
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� Serum levels of AAT <25% of lower normal limit (normal range 800 mg/L)
� Liver biopsy

It is important to note that as an acute phase reactant, false high AAT levels 
may be seen in patients with an acute infl ammatory state (Bonkovsky and 
Reichheld, 2006).

Management

In the absence of chronic liver disease, the management of A1ATD is primarily 
supportive and patients should be encouraged to: avoid smoking, avoid secondary 
smoke and air pollution, maintain an adequate nutritional intake, take oral supple-
ments of fat-soluble vitamins and avoid alcohol (Quist et al., 2000). Additional 
strategies should include genetic counselling and phenotype identifi cation of rela-
tives and patients with A1ATD to ascertain those at high risk. Other experimental 
treatments for both pulmonary disease and hepatic disease include infusions or 
inhalation of purifi ed plasma AAT and gene therapy (Bonkovsky and Reichheld, 
2006).

Liver transplantation

Liver transplantation is advocated for patients with progressive liver failure and 
portal hypertension although the disease progression is relatively slow. Survival 
rates following transplant are 80% at 1 year and 70% at 5 years. Importantly, 
the donor liver synthesises normal protein, therefore the condition will not recur 
in new graft (Bonkovsky and Reichheld, 2006).

Cystic fi brosis

Cystic fi brosis (CF) is an inherited, autosomal recessive disease of epithelial cell 
ion transport. It affects approximately 1 : 2000 newborn Caucasian babies, with 
an estimated 5% carrier rate (Sherlock and Dooley, 2002; Rosen and Schwartz, 
2004). Although CF is more commonly associated with pulmonary disease and 
pancreatic and sweat gland insuffi ciency, hepatobiliary abnormalities of varying 
severity occur in over a third of CF patients. This is the second leading cause of 
death (Bonkovsky and Reichheld, 2006). Additionally, as treatment for CF has 
improved life expectancy beyond 30 years of age, there has been a rise in the 
prevalence of CF-related liver disease (McFarlane et al., 2000).

The gene responsible for CF is located on chromosome 7 and encodes for the 
cystic fi brosis transmembrane regulator (CFTR). More than 200 mutations of the 
gene responsible for CF have been reported. A defective CFTR results in dimin-
ished chloride channel conductance, causing the inability to maintain suffi cient 
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lumen fl uid, which leads to thick viscous secretions and abnormal bile composition 
and fl ow (Rosen and Schwartz, 2004; Bonkovsky and Reichheld, 2006; Colombo 
et al., 2006). Intrahepatic bile ducts collect plugs of inspissated biliary secretions, 
leading to progressive periportal fi brosis and cirrhosis. The reason only a third of 
patients with CF develop liver disease is unclear but factors such as nutrition, 
antioxidants and non-adherence have been suggested as triggers.

Presentation

Patients often present when hepatosplenomegaly is found during routine clinical 
examination. This can be with or without abnormal biochemistry. Abnormal liver 
function tests are not usually seen, however, patients can present with a cholestatic 
profi le (elevated GGT and ALP). If there is neonatal cholestasis or end-stage biliary 
cirrhosis the patient will be jaundiced. The most common presentation is portal 
hypertension and oesophageal varices. If patients have end-stage liver disease they 
will also present with severe malnutrition, osteodystrophy and reduced pulmonary 
status.

Diagnosis

Liver disease in patients with CF is often subclinical therefore it is often under-
diagnosed. Similar to patients with chronic liver disease, diagnosis is made on the 
basis of physical clinical examination, conventional liver biochemistry, liver biopsy 
and ultrasonography (Colombo et al., 2006).

Management

Management is based on treating the symptoms accompanying cirrhosis, such as 
portal hypertension and oesophageal varies. Patients with CF are at greater risk 
of developing malnutrition than patients with other liver disorders because of an 
increased energy expenditure, anorexia, fat malabsorption (cholestasis and pan-
creatic insuffi ciency) and abnormal nutrient metabolism. Referral to a dietician 
and careful monitoring of nutritional status are therefore important (Colombo et 
al., 2006). Bile acid replacement therapy (ursodeoxycholic acid) has been proposed 
as supportive treatment in patients with CF liver disease because it reduces bile 
duct proliferation, infl ammation and fi brosis. Patients have improved essential 
fatty defi ciency and liver biochemistry. The impact on the natural history of liver 
disease has yet to be determined (Paumgartner and Beuers, 2002).

Liver transplantation

Liver transplantation is a treatment option for patients with CF with end-stage 
liver disease if pulmonary dysfunction is mild. Survival at 1 year is approximately 
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80% and transplantation has the added benefi t of improving not only liver func-
tion but also pulmonary function and nutritional status (Colombo et al., 2006).

Porphyria

Most people have the image of the ‘madness of King George’ when they think of 
porphyria. However it is a disorder accompanied with photosensitivity, hepatic 
disease as well as neuropsychiatric symptoms. Porphyria is a group of disorders 
caused by a defi ciency in enzyme activity of the haem biosynthesis pathway (Figure 
12.3). Most are inherited but not all carriers of the gene develop clinical disease 
(McFarlane et al., 2000). There are over 400 different mutations of the gene there-
fore it is not useful for clinical diagnosis in an index case but is important 
for family screening. There are seven types of porphyria, which are classifi ed as 

Glycine + succinyl coenzyme A

Aminolaevulinic acid
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Hydroxymethylbilane

Uroporphyrinogen III

Coproporphyrinogen III

Protoporphyrinogen IX
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synthase

Uroporphyrinogen III
synthase

Uroporphyrinogen
decarboxylase

Coproporphyrinogen
oxidase

Protoporphyrinogen
oxidase

Ferrochelatase

Plumboporphyria (AR, 9q34) 

Acute intermittent porphyria
(AD, 11q23)

Congenital erythropoietic
porphyria (AR, 10q26)

Porphyria cutanea tarda (AD, 1q34)

Hereditary coproporphyria (AD, 9)

Variegate porphyria (1q14)

Erythropoietic protoporphyria
(18q21, 3)

Enzymes Disease

Figure 12.3 Pathway of haem synthesis. Blocks at various parts of the pathway result in different 
porphyrias. Reproduced with permission from Thandani et al. (2000) Diagnosis and management 
of porphyria. British Medical Journal 320:1647–1651. (AR = autosomal recessive; AD = autosomal 
dominant)
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erthyropoietic, acute hepatic porphyria or chronic hepatic porphyria (Table 12.6) 
(Sassa, 2006).

Presentation

Erythropoietic porphyrias are the most severe and present in childhood. Patients 
with acute hepatic porphyrias present with similar symptoms, the differential 
diagnosis depends on the diagnostic test. The most common complaints in the 
acute hepatic porphyrias are: abdominal pain, vomiting, constipation, muscle 
weakness, mental symptoms, pain (limb, head, neck and chest), hypertension, 
tachycardia, convulsions, sensory loss, fever, respiratory paralysis and diarrhoea. 
Patients with acute intermittent porphyria (AIP) can have ‘port-wine’ reddish urine 
which is due to the presence of porphobilin (the oxidised product of porphobilino-
gen (PBG)). Patients with chronic hepatic porphyria present with signifi cant 

Table 12.6 Types of porphyria. Adapted from Peters and Sarkaney (2005). (ALA = δ-aminolaevulinic 
acid; PBG = porphobilinogen; GI = gastrointestinal)

Type Main clinical features Diagnosis

Erythropoietic
Congenital erythropoietic 

porphyria (CEP)

Erythropoietic protoporphyria (EPP)

Severe skin lesions
Haemolytic anaemia

Acute photosensitivity
Mild anaemia

Normal ALA and PBG
↑ urinary and faecal porphyrins
↑ red cell protoporphyrins

↑ red cell protoporphyrin IX

Acute hepatic
ALA dehydratase porphyria (ADP)

Acute intermittent porphyria (AIP)

Hereditary coproporphyria (HCP)

Variegate porphyria (VP)

Abdominal pain

Abdominal pain
Motor neuropathy
GI disturbances
Neuropsychiatric features

Neuropsychiatric features
Vesicular skin lesions

Neuropsychiatric features
Vesicular skin lesions

↑ urinary ALA and copro III
Normal faecal porphyrins

↑ ALA and PBG
↑ urinary porphyrins

↑ ALA and PBG
↑ urinary and faecal copro III

Characteristic plasma fl uorescence
↑ faecal protoporphyrins

Chronic hepatic
Porphyria cutanea tarda (PCT)

Hepatoerythropoietic porphyria 
(HEP)

Marked skin lesions

Blistering skin lesions
Hypertrichosis
Red urine

Normal ALA and PBG
↑ urinary and faecal porphyrins 

especially carboxylic porphyrins
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cutaneous photosensitivity, including blistering on exposed skin in the sun, facial 
hypertrichosis and hyperpigmentation (Peters and Sarkany, 2005; Sassa, 2006).

Diagnosis

The diagnosis of porphyria is based on the presence of porphyrin prescursors 
δ-aminolaevulinic acid (ALA) and/or PBG (Table 12.6).

Management

The mainstay of management is avoiding precipitating factors. These include a 
number of medications, reduced calorie intake, smoking, infection, surgery, stress, 
and in those with photosensitivity, the sun. In acute attacks in patients with acute 
hepatic porphyria, intravenous glucose (approx 400 g/day) is required. Intravenous 
haematin, such as Normosang (Orphan-Europe Ltd) can be given to curtail the 
urinary excretion of ALA and PBG. Porphyria cutanea tarda (PCT) and hepato-
erythropoietic porphyria (HEP) are treated with repeated phlebotomy to normalise 
serum ferritin levels. If this is ineffective chloroquine therapy can used. Chloro-
quine is thought to chelate porphyrins promoting urinary excretion (Thadani et 
al., 2000; Soonawalla et al., 2004; Sassa, 2006).

Chapter summary

This chapter has provided a brief overview of pathophysiology, presentation and 
disease management of some of the more commonly found metabolic diseases that 
lead to complex complications and hepatic manifestations. However, it is only the 
advancement of molecular biology that has allowed us to identify the genetic 
defects responsible for some of these conditions thus enabling us to ascertain a 
greater understanding of the disease processes. Treatment varies due to the under-
lying disease pathogenesis, with the aim of slowing or treating the disease process. 
Cirrhosis and end-stage liver disease can potentially complicate most of these 
metabolic conditions.

Illustrative case study

A 21-year-old female presented with a febrile illness, diarrhoea, dark urine and 
jaundice. She had no previous medical or relevant family history. Laboratory 
investigations suggested haemolysis and pantocytopenia: haemogloblin 8.5 g/L, red 
cell count 2.32 × 1012/L, platelets 71 × 109/L. The patient had a PT of 0.16 seconds, 
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serum bilirubin 284 μmol/L, AST 73 IU/L, ALT 31 IU/L, GGT 61 IU/L and ALP 
55 IU/L. An abdominal ultrasound scan revealed normal biliary tract, small nodular 
liver suggesting cirrhosis, enlarged spleen and no ascites or focal lesions.

An upper gastrointestinal endoscopy showed grade II oesophageal varices. 
Autoantibodies and viral serology were negative but serum ferritin was elevated 
(638 g/L) and caeroplasmin decreased (0.17 g/L). Further investigation demon-
strated a serum copper level of 17.2 μmol/L and urinary copper excretion of 
13.2 μmol/24 hours. KF rings were detectable on slit lamp examination therefore 
a diagnosis of Wilson’s disease was made. The patient was commenced on D-
penicillamine 1.2 g daily and discharged home with a planned elective admission 
in 8 weeks for further assessment.

However, within 6 weeks the patient re-presented with lower abdominal pain, 
and rapidly deteriorating hepatic function. She developed advanced hepatic 
encephalopathy (grade III/IV), coagulopathy (INR 3.7), renal failure (serum cre-
atinine 395 μmol/L) and frequent episodes of hypoglycaemia. Her remaining labo-
ratory investigations revealed a platelet count of 35 × 109/L, serum bilirubin 
700 μmol/L, AST 45 IU/L, ALT 13 IU/L, ALP 25 IU/L and albumin 22 g/L. A 
further ultrasound scan showed patent vessels and mild ascites. After elective 
endotracheal intubation the patient was transferred to a liver transplant centre. 
Fulfi lling King’s poor prognosis criteria, the patient was super-urgently listed for 
liver transplantation and received an orthotopic liver transplant 48 hours later. 
The patient made a good postoperative recovery regaining spontaneous renal 
function.

This example shows the importance of taking chelation therapy. There is the 
possibility that the patient deteriorated because she was non-adherent.
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13Acute liver failure

Introduction

Acute liver failure (ALF) or fulminant hepatic failure (FHF) are interchangeable 
terms used to describe a rare condition that is characterised by severe liver injury, 
jaundice and hepatic encephalopathy, usually in the absence of pre-existing liver 
disease (Benhamou, 1991). ALF has many causes and, despite improvement in 
critical care management, morbidity and mortality remain high. Orthotopic liver 
transplantation (OLT) remains the only effective treatment for those patients who 
are unlikely to recover spontaneously (Shakil et al., 2000; Gill and Sterling, 2001). 
ALF invariably leads to multi-organ failure and all patients have some degree of 
hepatic encephalopathy, which, when advanced, results in a high incidence of 
cerebral oedema and intracranial hypertension (Sargent and Fullwood, 2006), 
making this group of patients extremely challenging to manage. Therefore appro-
priate nursing and medical management of these patients are imperative to ensure 
successful bridging to liver transplantation.

Defi nition

ALF can be defi ned as sudden onset of liver impairment rapidly leading to encepha-
lopathy and multi-organ dysfunction (Bernal and Wendon, 2000). However this 
defi nition alone does not refl ect differences in clinical features and prognosis which 
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has led to a reclassifi cation depending on the onset of jaundice to the development 
of encephalopathy (Table 13.1). In hyperacute liver failure, encephalopathy occurs 
within 7 days of the onset of jaundice. This group of patients has a high likelihood 
of surviving with supportive management only, despite the high incidence of cere-
bral oedema. ALF, on the other hand, has a poorer prognosis without transplanta-
tion. Jaundice occurs 8–28 days after the onset of encephalopathy. In this group 
the incidence of cerebral oedema is also high. In subacute liver failure the interval 
between the onset of jaundice and the development of encephalopathy ranges from 
5–12 weeks. This group also has a high mortality rate, despite a very low incidence 
of cerebral oedema (O’Grady et al., 1993; O’Grady, 2006).

Aetiology

The aetiology of ALF varies considerably worldwide, there are differences between 
the developing and developed world (Figure 13.1, Plate 13). Viral infection (hepa-
titis A, B and E) is the most common cause of ALF in the developing world, 
whereas drug-induced hepatotoxicity, especially acetaminophen (paracetamol), is 
the most common cause of ALF in the USA and western Europe (Bernal and 
Wendon, 2000). Seronegative or non A-E hepatitis is the most common presumed 
viral cause of ALF, in the UK it accounts for 56% of such cases (O’Grady, 2006). 
Other rare viral causes of ALF include infection with cytomegalovirus, Epstein-
Barr virus, herpes virus, varicella zoster virus, adenovirus and paramyxoma virus 
(Gill and Sterling, 2001).

Idiosyncratic drug reaction can culminate in acute or subacute liver failure and 
carry a poor prognosis without liver transplant (Gill and Sterling, 2001). Certain 
herbal preparations and other nutritional supplements have also been found to 
cause liver injury (Polson and Lee, 2005). In addition, the recreational drug, 
ecstasy, has also been implicated as a cause of ALF, either through direct hepato-
toxic effect or after fulminant hyperthermia and rhabdomyolysis (Bernal and 
Wendon, 2000).

Mushroom poisoning, usually Amanita phalloides, is most commonly found in 
the west coast of the USA, central Europe and South Africa. Other hepatotoxins 
include yellow phosphors, carbon tetrachloride, afl otoxin and some herbal medi-
cines. Acute fatty liver of pregnancy, HELLP syndrome (haemolysis, elevated liver 
enzymes, low platelets), autoimmune hepatitis, Wilson’s disease and Budd-Chiari 

Table 13.1 Classifi cation of acute liver failure (O’Grady et al., 1993).

Defi nition Interval jaundice to encephalopathy Cerebral oedema Prognosis (survival)

Hyperacute <7 days Common >70% Moderate (36%)
Acute 8–28 days Common >55% Poor (7%)
Subacute 5–12 weeks Low <15% Poor (14%)
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Figure 13.1 Worldwide aetiology of acute liver failure. Reproduced from Bacon et al. (2006) with 
permission from Elsevier. For a colour version of this fi gure, please see Plate 13 in the colour plate 
section.
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syndrome can all cause ALF (Gill and Sterling, 2001; Polson and Lee, 2005; 
O’Grady, 2006).

Presentation

The most common clinical features of ALF are abnormal biochemistries, jaundice, 
coagulopathy and hepatic encephalopathy. The normal histological pattern seen 
in ALF is hepatocellular necrosis with or without preservation of hepatic architec-
ture. Jaundice is present in most patients, but some cases of hyperacute liver failure, 
such as acetaminophen poisoning, develop encephalopathy before jaundice becomes 
clinically apparent. Most other signs of liver failure are absent. Liver cell necrosis 
will lead to elevation of aminotransferase (AST), but relatively normal AST may 
be found and this usually signifi es that massive necrosis has already occurred, 
particularly if associated with deep jaundice. Bilirubin concentrations that are 
persistently >300 μmol/L also suggest that disease is severe. ALP concentrations 
are rarely elevated above three times the upper limit of normal (ULN). The PT or 
international normalised ratio (INR) is usually grossly prolonged. In general if the 
PT is prolonged by 4–6 seconds in the presence of hepatic encephalopathy, a diag-
nosis of ALF is made. In ALF profound hypoglycaemia can occur and disturbances 
of acid–base balance are frequent.

The high mortality rates associated with ALF are caused by the complications 
of ALF, which include the development of cerebral oedema, renal failure, sepsis 
and cardiopulmonary collapse that result in multi-system organ failure (Gill and 
Sterling, 2001; Jalan, 2005; Polson and Lee, 2005; O’Grady, 2006). These patients 
require close monitoring and organ support in an intensive care environment.

Transfer criteria

The main strategy for patients presenting with ALF is to support liver regeneration 
or support the failing liver. Early discussion with the local liver transplant centre 
is imperative. Time is of the essence in the management of patients with ALF 
because rapid deterioration is commonly seen (Jalan, 2005). Two key factors need 
to be considered when assessing patients with ALF: the need to refer patients to a 
specialist centre and the selection of these patients for liver transplantation. The 
Kings College Hospital referral criteria are divided into two groups, one following 
acetaminophen (paracetamol) hepatotoxicity (Table 13.2) and the other for patients 
with non-acetaminophen aetiologies (Table 13.3) (O’Grady, 2006).

If the patient is referred to a specialist centre, it is critical to ensure clear com-
munication between all teams, the intensive care unit (ICU) team, transfer team 
and the referral unit, to enable all parties to prepare adequately for safe transpor-
tation of the patient.



218 Liver Diseases

Management during transfer

Once a decision to transport the patient to the liver unit has been made, it is nec-
essary to ensure a controlled environment for transfer, and that adequate personnel 
specifi cally trained to deal with the emergent situation that a patient with ALF 
may present during transfer, are present. Airway management is important as the 
patient can rapidly develop grade 3 or 4 hepatic encephalopathy, which will render 
them unable to protect their airway. Specialist advice may include elective intuba-
tion and artifi cial mechanical ventilation of the patient prior to transfer. ALF causes 
a hyperdynamic state, with high cardiac output (CO), low mean arterial pressure 
(MAP) and low systemic vascular resistance (SVR). This reduction in MAP may 
require vasopressors, such as noradrenaline (norephinephrine) to improve MAP 
and SVR. Fluid resuscitation is also necessary, the choice of fl uid is not crucial and 
usually a mixture of crystalloids and colloids is used. Close attention to acid–base 
balance and correction of hyperlactataemia are important because they can impact 
upon circulatory function and also aggravate cerebral hyperaemia. Glucose levels 
need to be monitored for the effects of hypoglycaemia (Jalan, 2005; O’Grady, 
2006). Where possible the patient and family should be informed of the transfer 
and possible treatment pathway.

Table 13.2 Referral to specialist units following (paracetamol) acetaminophen ingestion (O’Grady, 
2006). Any of these criteria should prompt referral.

Day 2 Day 3 Day 4

Arterial pH <7.30 Arterial pH <7.30 INR >6 or PT>100 seconds
INR >3.0 or PT >50 seconds INR >4.5 or PT >75 seconds Progressive rise in PT to any level
Oliguria Oliguria Oliguria
Creatinine >200 μmol/L 

(1.5 mg/dL)
Creatinine >200 μmol/L 

(1.5 mg/dL)
Creatinine >300 μmol/L (2.3 mg/dL)

Hypoglycaemia Encephalopathy Encephalopathy
Severe thrombocytopenia Severe thrombocytopenia

Table 13.3 Referral to specialist units in non-acetaminophen aetiologies (O’Grady, 2006). The 
presence of any of the following criteria should prompt referral.

Hyperacute Acute Subacute

Encephalopathy Encephalopathy Encephalopathy
Hypoglycaemia Hypoglycaemia Hypoglycaemia (less common)
PT >30 seconds PT >30 seconds PT >20 seconds
INR >2.0 INR >2.0 INR >1.5
Renal failure Renal failure Renal failure
Hyperpyrexia Serum sodium <130 mmol/L

Shrinking liver volume
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Disease management

The care and treatment for patients with ALF is best achieved in a monitored 
environment, such as a high dependency unit (HDU) or an ICU depending upon 
the severity of illness and the requirement for invasive monitoring and treatment. 
A multidisciplinary approach is essential, involving hepatologists, intensivists, 
nurses, liver transplant surgeons, radiologists, physiotherapists and pharmacists. 
The clinical management of these patients is complex and intricate. Patients gener-
ally need close monitoring and often progress rapidly to multi-organ failure. Good 
critical care management is essential to successfully bridge to liver transplant.

Hepatic encephalopathy and cerebral oedema

One of the most serious complications of ALF is the development of hepatic 
encephalopathy, which may be associated with cerebral oedema and eventual 
brainstem herniation and death (Bernal and Wendon, 2000). All patients with ALF 
have some degree of encephalopathy (O’Grady, 2006). Hepatic encephalopathy is 
an altered neuropsychiatric state. The severity of hepatic encephalopathy is classi-
fi ed according to the West Haven criteria from grades 1 to 4, where patients with 
grade 1 or 2 encephalopathy exhibit degrees of drowsiness or disorientation. 
Extreme agitation and severe confusion are normally seen in grade 3 encephalopa-
thy. At this point the patients are very vulnerable to self-injury and agitation could 
lead to inadvertent removal of invasive lines, such as arterial or central venous 
catheter (CVC). Grade 4 encephalopathy signifi es deep coma with the patient being 
unresponsive. Again patients are extremely vulnerable here as they cannot protect 
their airway and intubation and mechanical ventilation are necessary (Ong and 
Mullen, 2001; O’Grady, 2006).

Cerebral oedema is a unique feature of ALF that is not usually seen in chronic 
liver disease. Cerebral oedema develops in 70% of hyperacute liver failure 
(O’Grady, 2006). The pathogenesis of cerebral oedema is poorly understood and 
is described in Chapter 6.

In addition to cerebral oedema, autoregulation is lost in many patients with 
ALF. Cerebral autoregulation ensures fl ow of blood in the brain is constant despite 
variation in blood pressures. When this fails any increase in MAP will increase 
intracranial pressure (ICP); if the pressure in the brain is sustained for long periods 
of time, this can lead to hypoperfusion resulting in cerebral hypoxia or brainstem 
herniation (O’Grady, 2006).

Cerebral monitoring and management of intracranial hypertension

The principles of management of elevated ICP in ALF are similar to those for ICP 
of any other cause, such as traumatic brain injury. The main aims are to monitor, 
prevent, and treat any increases in ICP.
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In support of the hyperammonaemia theory, arterial ammonia levels will need 
to be measured regularly. Normal ammonia levels within the blood circulation 
with functioning liver are 15–45 μmol/L. In one study, an arterial ammonia level 
of greater than 150 μmol/L has correlated with hepatic encephalopathy and 
increase in ICP (Clemmesen et al., 1999; Jalan et al., 2004). However it is impor-
tant to note that there is poor sensitivity with ammonia testing and the test may 
give false-negative results.

Jugular bulb venous saturations are used to monitor cerebral oxygen delivery 
and utilisation. The jugular bulb saturations are measured using a catheter placed 
in the jugular bulb, blood samples are withdrawn and analysed. The normal range 
of jugular bulb saturations (Sj02) is 55–70%. If the Sj02 falls below 55%, this 
could indicate high cerebral oxygen extraction and may be caused by increased 
metabolic activity, such as fi tting or cerebral ischaemia related to inadequate cere-
bral blood fl ow. Conversely, if the Sj02 is high, this indicates low oxygen consump-
tion and could suggest cerebral hyperaemia and/or decrease in metabolic activity 
(Harry and Wendon, 2001). In addition to Sj02, mixed venous saturations (Sv02) 
are also simultaneously assessed. The comparison between the two samples could 
indicate whether the abnormalities are global or cerebral related. Low or high Sj02 
may indicate the need for intracranial pressure monitoring (Jalan, 2005).

An ICP monitoring catheter allows continual monitoring of ICP and is a way 
of guiding nursing care and therapy to prevent brain injury. The main aim of 
monitoring ICP is to ascertain cerebral perfusion pressure (CPP); this can be done 
by subtracting ICP from MAP. One of the complications of insertion of an ICP 
catheter in ALF is intracranial bleeding as the patients have coagulopathy. This 
risk can be minimised by administering clotting factors (Jalan, 2005).

Normal ICP range is between 4 and 15 mmHg (Hickey, 1986). Although there 
is some debate about the use of ICP bolt and jugular bulb catheter insertion in 
ALF (O’Grady, 2006), Wendon and Larsen (2006) argue that without ICP moni-
toring the effect of interventions cannot be examined. ICP monitoring allows an 
ICP trigger to be established, and effi cacy of treatment to be determined. They 
further suggest that ICP monitoring coupled with jugular bulb saturation measure-
ment allows clinicians to make informed decisions as to the most appropriate 
treatment and the benefi ts and duration of such treatment on ICP.

There are several pharmacological and nursing strategies used to maintain stable 
ICP or to treat surges in ICP.

Surges in ICP can be treated with bolus doses of mannitol up to 1 g/kg (O’Grady, 
2006). Mannitol is an osmotic diuretic which increases water extraction through 
osmotic processes. The differences in osmolality between the plasma and brain 
shifts water from lower osmolality to one that is higher (Rang et al., 1996). The 
patient’s urine output needs to be closely monitored for diuresis, but the prevalence 
of renal failure in ALF necessitates extracorporeal renal support. It is important 
to ensure that the fl uid removal from haemofi ltration is three times the amount of 
administered mannitol to avoid hyperosmolarity and fl uid overload. Additionally 
it is essential to maintain serum osmolality less than 320 mOsm, as the equilibrium 
in osmolality will render the drug ineffective (Harry and Wendon, 2001).
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Intracranial hypertension can also be reduced by hyperventilation as this induces 
vasoconstriction and reduces cerebral blood volume, however its effects cannot be 
sustained (Sherlock and Dooley, 2002). Therefore, hyperventilation may be useful 
for reducing ICP surges but should not be used over a prolonged period (Jalan, 
2005).

Hypertonic saline creates as osmotic gradient between intravascular and inter-
stitial compartments, in the presence of an intact blood–brain barrier, leading to 
shrinkage in brain tissue and therefore a reduction in ICP (White et al., 2006). 
The use of hypertonic saline in ALF is based on the fi ndings of one clinical trial 
in which hypertonic saline (30%) was administered via continuous intravenous 
infusion to maintain serum sodium levels of 145–155 mmol/L. The study found 
the hypernatraemic group had decreased incidences of surges in ICP and a reduc-
tion in ICP values above 25 mmHg (Murphy et al., 2004). However, Jalan (2005) 
suggests that due to the potential adverse side effects, these fi ndings necessitate 
further validation.

In some studies, intravenous indomethacin has been shown to reduce ICP in 
traumatic brain injury. Indomethacin causes cerebral vasoconstriction and a reduc-
tion in cerebral blood fl ow, and thereby a decrease in ICP. One study has described 
low-dose indomethacin normalising intracranial pressure in ALF and refractory 
ICP. However the use of non-steroidal drugs in patients with ALF with coagulopa-
thy and renal dysfunction excludes it from routine use without further validation 
(Clemmensen et al., 1997; Slavik and Rhoney, 1999; Richardson and Bellamy, 
2002; Jalan, 2005).

Hyperthermia in patients with head injuries increases the brain’s metabolic rate 
causing an increase in cerebral blood fl ow and an increase in ICP. Therefore mod-
erate hypothermia is thought to reduce these effects. Some studies have also shown 
hypothermia to reduce arterial ammonia levels, but research is not conclusive. 
Consequently hyperthermia should be avoided in such cases (Jalan et al., 1999; 
Roberts and Manas, 1999; Jalan, 2005).

Thiopentone sodium causes cerebral vasoconstriction, thereby reducing blood 
volume and decreasing ICP. Thiopentone is not used routinely in ALF due to its 
haemodynamic effects, prolonged sedative action and increased risk of infection. 
Therefore it is only used in catastrophic increase in ICP that is unresponsive to all 
other therapies (O’Grady, 2006).

Respiratory

Most patients with grade 3 or 4 hepatic encephalopathy are intubated and mechan-
ically ventilated. The complications of artifi cial mechanical ventilation for patients 
with ALF are the same as with any other patients requiring ventilatory support. 
These complications include ventilator-associated pneumonia (VAP), pleural effu-
sion, atelectasis and acute lung injury (ALI). In one study the incidence of ALI in 
patients with acetaminophen-induced ALF was found to be high (Baudouin et al., 
1995), however a more recent study showed 25% of patients with all types of ALF 
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showed signs of ALI but this was not associated with increased mortality (Auzinger 
et al., 2004).

ALI and its more severe form, acute respiratory distress syndrome (ARDS), are 
results of various direct and indirect insults to the lungs. A low tidal volume 
(6 mL/kg) and optimum level of positive end expiratory pressure (PEEP) are stan-
dard ventilatory strategies for these patients. Adequate PEEP will increase the 
lungs’ functional residual capacity and enable the lungs to be infl ated in the pres-
ence of poor lung compliance. The cornerstone of treatment is to avoid overdisten-
sion of the lungs by limiting tidal volume and recruitment of recruitable lung tissue 
(MacIntyre, 2005). Part of ALI/ARDS ventilatory strategy is permissive hypercar-
bia, however this is problematic in patients with ALF due to the high incidence, 
intracranial hypertension; carbon dioxide levels are therefore maintained at 4–
4.5 kPa (30–40 mmHg).

Ventilated patients are routinely sedated, usually with propofol or benzodiaze-
pines. Propofol has been shown to reduce cerebral blood fl ow through metabolic 
suppression in patients with ALF (Jalan, 2005). However, it is important to note 
that such sedative agents can induce hypotension and often have a negative ino-
tropic effect, therefore close monitoring of arterial blood pressures is important to 
ensure adequate cerebral perfusion pressure. An opiate such as fentanyl is also 
used in conjunction with sedation to aid patient comfort and reduce ICP. Daily 
sedation holds may not be appropriate in patients with ALF and hepatic encepha-
lopathy awaiting liver transplantation.

In order to prevent or treat atelectasis, patients may be nursed tilted on their 
sides to aid postural drainage. It has been suggested that positioning the patient 
with neutral head alignment and elevated head up to 20–30° will aid venous drain-
age from cerebral circulation and reduce ICP. It is also important to ensure that 
the tapes used to secure the endotracheal tube should not obstruct venous drainage 
(Hickey, 1986; Davenport et al., 1990). Additionally this position is also recom-
mended in ventilator care bundle for the reduction of VAP (Berenholtz et al., 2002). 
As with all mechanically ventilated patients, clearance of endotracheal secretions 
is necessary and is generally applied when there is evidence of secretions on chest 
auscultation, increased airway pressure and reduction in peripheral oxygen satura-
tions; it is normal practice to pre-oxygenate patients. However, endotracheal suc-
tioning should be undertaken with great care in patients with ALF, as this activity 
can increase ICP. It is important to monitor for ICP surges and pupillary reactions 
during this phase and it may be necessary to administer bolus sedation to suppress 
coughing during this intervention.

Cardiovascular

The cardiovascular changes seen in ALF are characterised by peripheral vasodilata-
tion which results in hypotension, a decrease in afterload and an increase in cardiac 
output leading to a hyperdynamic circulation (Harry and Wendon, 2001). This 
mimics sepsis and is thought to be caused by increased levels of circulating 
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endotoxins (Gill and Sterling, 2001). These changes also result in a decrease in 
effective circulating volume. Fluid resuscitation as fi rst-line treatment of arterial 
hypotension can alone normalise blood pressure and correct acidosis. Patients 
should therefore be managed with the early insertion of a central venous catheter 
(CVC) and monitoring of central venous pressure (CVP) and central venous satura-
tion to guide volume loading. There is no specifi c guideline as to the type of 
resuscitation fl uid used in ALF.

When volume resuscitation is not effective at restoring blood pressure, inotropic 
support may be necessitated. In ALF, a decrease in SVR, rather than cardiac dys-
function, is usually responsible for hypotension, therefore vasocontrictors such as 
noradrenaline (norepinephrine) are used. Noradrenaline causes an increase in MAP 
and oxygen delivery in patients with ALF (Jalan, 2005). It is important to measure 
and monitor blood pressure continuously via an arterial line. In addition to arterial 
and CVP measurements, the use of an advanced haemodynamic monitoring system, 
such as transpulmonary thermodilution technique, may be useful in providing 
information on cardiac output, cardiac index, stroke volume, cardiac function 
index and calculated measurements of extravascular lung water (EVWL) and 
intrathoracic blood volume (ITBV) (Cholley and Payen, 2005).

Renal failure

Acute kidney injury is a frequent complication in patients with ALF and may be 
due to dehydration, hepatorenal syndrome or acute tubular necrosis (Polson and 
Lee, 2005). Extracorporeal renal support may be required in 75% of acetamino-
phen-induced ALF and 30% of other aetiologies that have progressed to grade 3 
or 4 encephalopathy (O’Grady, 2006). Extracorporeal renal support also provides 
the opportunity to manage cerebral oedema, via induction of hypothermia, and 
allows removal of fl uid and reduction of ammonia concentration (Jalan, 2005). 
Continuous rather than intermittent renal replacement therapy (RRT) should be 
used, as this has been shown to improve stability in cardiovascular and ICP para-
meters compared with intermittent modes of dialysis (Davenport et al., 1993; 
Polson and Lee, 2005). Recent studies in acute renal failure and multi-organ dys-
function suggest that increase in the rate of ultrafi ltration is associated with hae-
modynamic improvement. The ultrafi ltraton rate of 35 mL/kg/h is considered to 
have a better overall outcome compared to lower rates (Ronco et al., 2000). Due 
to severe coagulopathy in patients with ALF, prostacyclin infusion of 2–5 ng/kg/
min may be used as an alternative anticoagulant for haemofi ltration to increase 
fi lter life and to reduce the risk of bleeding complications (O’Grady, 2006).

Coagulopathy

The liver is responsible for the synthesis of most of the coagulation factors. ALF 
results in an abrupt and profound decrease in the synthesis of these proteins, which 
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is manifested by the prolongation of PT (Gill and Sterling, 2001). The PT is widely 
used as an indicator of the severity of liver damage (O’Grady, 2006). The patient 
may exhibit signs of disseminated intravascular coagulation (DIC). Serial measure-
ments of PT or INR have prognostic implications (O’Grady, 2006). Routine use 
of fresh frozen plasma is not recommended unless spontaneous bleeding occurs 
(this is not common) or an invasive procedure is undertaken (Gill and Sterling, 
2001). As these patients will have multiple invasive lines, the care of line dressings 
is important. Additionally oral care of the patient will need to be used judiciously 
to prevent gum bleeding.

Infection

All patients with ALF are at risk of bacterial and fungal infection and/or systemic 
infl ammatory response syndrome (SIRS) (Polson and Lee, 2005). Impaired immune 
function in ALF leads to an increased susceptibility to infections. Studies have 
demonstrated that 80% of patients with ALF have bacterial and 32% have fungal 
infections (Rolando et al., 1996). Surveillance of infections should be performed 
to detect and treat bacterial and fungal infections early. Prophylactic antibiotics 
are used widely and have been shown to lower infection rates (Stadlbauer and 
Jalan, 2007). Most ICUs will choose an antibiotic and fungal regimen according 
to the local microbiological and resistance data. Good infection control practices 
by all health care personnel dealing with these patients are important.

Metabolic

In ALF, the capacity of the liver to metabolise lactate may be compromised. Indeed 
the liver may become a net producer of lactate during ALF. Hyperlactataemia is 
common in critical illness and has been shown to have prognostic signifi cance in 
septic and trauma patients and those with ALF. The cause of hyperlactataemia in 
critical illness is not fully understood, but recent evidence has challenged the view 
that lactic acidosis is always the result of cellular hypoxia or hypoperfusion with 
resulting anaerobic metabolism, particularly in sepsis or SIRS (Murphy et al., 
2001). A study by Bernal et al. (2002) demonstrated blood lactate concentration 
was a signifi cant predictor of survival in patients with acetaminophen-induced 
ALF. The study suggests patients with early lactate concentration >3.0 mmol/L, 
following fl uid resuscitation, can be viewed as being at high risk of subsequently 
meeting liver transplantation criteria and early listing for transplantation should 
be considered.

Hypoglycaemia is a common complication of ALF, found in 40% of patients. 
Hypoglycaemia is caused by high plasma insulin levels owing to a reduced hepatic 
uptake and reduced gluconeogenesis in the failing liver. Hypoglycaemia worsens 
cerebral oedema in patients with ALF (Jalan, 2005; O’Grady, 2006). Close moni-
toring of blood sugar and correction of hypoglycaemia are important. At the same 
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time it is imperative to prevent hyperglycaemia. Recent studies by Van de Berghe 
et al. (2001) showed that tight blood glucose control (4–6 mmol/L) with intensive 
insulin therapy can lower mortality by 43%, the incidence of polyneuropathy by 
44% and blood stream infections by 46%. Many ICUs have developed local fl ow 
charts and protocols for the maintenance of tight glucose control.

Additional monitoring

Indocyanine green (ICG) is a dye with infra-red absorbing and fl uorescent proper-
ties. After intravenous administration, ICG is nearly exclusively eliminated by the 
liver into the bile. ICG removal depends on liver blood fl ow, liver parenchymal 
and cellular function and biliary excretion (Sakka, 2007). ICG clearance is mea-
sured by the percentage plasma disappearance rate (PDR), which detects alteration 
in liver function and may be used as a non-invasive determinant of hepatic reserve. 
PDR of <5% has been shown to be a signifi cant predictor of irreversible liver 
damage (Quintero et al., 2007). The normal value for ICG clearance is 700 mL/
min/m2 and for PDR is over 18%/min (Sakka, 2007).

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome 
(ACS) as a result of elevated intra-abdominal pressure (IAP), affect perfusion 
and function of every organ system in the body. The normal values of IAP at 
subatmospheric level is 0 mmHg; values above 12 mmHg are considered ele-
vated. Post-abdominal surgery IAP usually ranges from 2–15 mmHg. When IAP 
is >10 mmHg it is likely to drop cardiac output; IAP >15 mmHg compromises 
renal and splanchnic perfusion, and IAP >20–25 mmHg increases peak alveolar 
pressures. ACS is defi ned as IAP >20–30 mmHg, which is associated with organ 
dysfunction and is an emergency situation. ACS is a pathological state caused 
by an acute increase in IAP that adversely affects cardiopulmonary function and 
impairs splanchnic perfusion. It can also lead to serious wound complications 
in surgical patients (Malbrain, 2000; Malbrain et al., 2005). There is increasing 
awareness of the harmful effects of IAH and ACS on end-organ function in 
critically ill patients. IAH decreases hepatic artery fl ow and portal venous blood 
fl ow while portocollateral fl ow increases, lactate clearance drops, glucose metab-
olism diminishes and PDR for ICG rate decreases (Malbrain et al., 2005). The 
implication of IAH and ACS in renal, cardiovascular and respiratory systems 
is well reported, however, knowledge of its complications in ALF is limited 
despite incidences of signifi cant elevations in IAP in ALF (Wendon and Larsen, 
2006).

Because the abdomen acts as a fl uid compartment, IAP can be measured via 
multiple routes, such as intraperitoneal route, via bladder, uterus, inferior vena 
cava, rectum or stomach. Measurement of IAP by an indwelling catheter in the 
urinary bladder has been suggested as the method of choice (Malbrain, 2000). This 
method of measuring IAP is relatively quick and easy to perform by using a com-
mercially available manometer which can be attached between the urinary catheter 
and urine collection bag. IAP is normally measured every 4–6 hours.
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Nutrition

Generally patients with ALF are well nourished at the onset of the illness; however 
as with any other critically ill patients protein energy malnutrition is a major 
problem with hypercatabolic state. Early initiation of enteral nutrition has proved 
to be benefi cial, with signifi cant reduction in septic complications, and has been 
shown to improve outcome when compared with parenteral nutrition (van der 
Voort and Zandstra, 2001; O’Grady, 2006). Among other benefi cial effects, enteral 
feeding stimulates mucosal blood fl ow, and maintains gut barrier function and 
mucosal integrity (Binnekade et al., 2005). Normally enteral feed is instituted via 
nasograstic or nasojejunum tube. Most ICUs have protocols regarding enteral 
feeding regimes and prokinetics are used when necessary.

Gastrointestinal ulcer prophylaxis is another important consideration in these 
patients due to the increased risk of bleeding from stress ulceration (O’Grady, 
2006).

Critical illness polyneuropathy and myopathy

Critical illness polyneuropathy (CIP) and myopathy (CIM) are neuromuscular 
disorders that occur in critically ill patients. Clinical features often consist of 
diffi culty in weaning from mechanical ventilation, tetraparesis and muscle wasting 
of the limbs. Patients with weakness acquired in the ICU are often sedated 
and mechanically ventilated, and have unreliable sensory and motor examinations, 
and so diagnosis can be diffi cult. It is believed that the development of CIP 
and CIM is associated with multi-organ dysfunction, sepsis and SIRS, probably 
by the same basic mechanisms that lead to organ dysfunction. Complete recovery 
may occur after successful treatment of the original insult, but impairments 
in physical function and health status may persist, even 1 year after of discharge 
from ICU (Bird and Rich, 2002; Kerbaul et al., 2004; Young and Hammond, 
2004).

Additional considerations

One of the main principles of nursing care is to minimise ICP surges and this can 
be achieved by minimal intervention and in taking extreme care when moving 
patients (Jalan, 2005). O’Neil et al. (2006) found that the term minimal interven-
tion was used in regional liver units, as a means to minimise rises in ICP. However, 
they found no formal nursing or medical guidelines which defi ned what the term 
minimal intervention meant in relation to patient care. Audit and research, such 
as control trials in this area, are diffi cult due to the potential risk of causing intra-
cranial hypertension and brainstem herniation.
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Nursing care can be guided by the monitoring of ICP and/or measuring jugular 
bulb saturations to ensure increases in ICP are not sustained during nursing care. 
The following are considered to be minimal interventions:

� Patients should be nursed on a dynamic mattress to prevent pressure ulcer-
ations and should not be turned

� Patients may be tilted on to their sides to aid postural chest drainage and 
prevent atelectasis

� Oral and other hygiene care should be applied judiciously and only when 
essential

Throughout these interventions, ICP should be monitored closely.

Liver transplantation

The only therapy of confi rmed benefi t in patients with advanced ALF is emergency 
liver transplantation. ALF accounts for 5% of all liver transplants in the USA and 
11% in Europe (O’Grady, 2006). In the UK 15.6% of all transplants in 2005/2006 
were for super-urgent liver transplants (UK Transplant, 2006) (Figure 13.2, Plate 
14). Strict criteria defi ne the population who are likely to benefi t from emergency 
liver transplantation. King’s College Hospital transplant criteria have been widely 
used. UK Transplant has recently updated the criteria for super-urgent liver trans-
plant (Table 13.4). Worldwide survival rates in ALF transplant recipients have 
been reported as 60–90% (Sherlock and Dooley, 2002).
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Figure 13.2 UK aetiologies for ALF transplants 2001–2006 (UK Transplant, 2006). For a colour version 
of this fi gure, please see Plate 14 in the colour plate section.
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Chapter summary

Multi-organ failure complicating ALF is one of the most challenging management 
problems in clinical practice and requires a multi-disciplinary team approach. Early 
identifi cation and referral of these patients to a liver transplant centre is imperative. 
Supportive management of multi-organ failure should be initiated expediently. The 
goal of clinical management is primarily to prevent intracranial hypertension and 
bridge patients who fulfi l criteria to liver transplantation.

Table 13.4 Super-urgent transplant listing criteria for ALF in the UK. National Transplant Database 
(2005) Guideline for completing the Super-urgent Liver Recipient Registration Form. UK Transplant.

Cause of ALF Category Notes

Paracetamol toxicity Category 1 pH <7.25 more then 24 hours after ingestion and 
after fl uid resuscitation

Category 2 PT >100 seconds or INR >6.5 with a creatinine 
>300 μmol/L or anuria with a grade 3–4 
encephalopathy

Category 3 Serum lactate >3.5 mmol/L on admission or 
>3.0 mmol/L after fl uid resuscitation more than 
24 hours post ingestion

Category 4 Two out of three of the criteria from category 2 
plus deterioration such as an increase in ICP or 
increased Fi02 requirements in the absence of 
clinical sepsis

Hepatitis A, B, idiosyncratic 
drug reaction or 
seronegative

Category 5 PTT >100 seconds or INR >6.5 with any grade of 
encephalopathy

Category 6 Any grade of encephalopathy plus any three of the 
following:

(a)  Unfavourable cause, i.e. drug induced or 
seronegative

(b)  Age >40 years
(c)  Jaundice to encephalopathy time >7 days
(d) Serum bilirubin >300 μmol/L
(e) PTT >50 seconds
(f) INR >3.5

Acute presentation of Wilson’s 
disease or Budd-Chiari

Category 7 Coagulopathy with any grade of encephalopathy

Hepatic artery thrombosis Category 8 Within 14 days of liver transplantation
Early graft dysfunction Category 9 At least two of the following:

(a) AST >10 000 IU/L
(b) INR >3.0
(c) Serum lactate >3 mmol/L
(d) Absence of bile production
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Illustrative case study

A 57-year-old woman presented with a short history of generalised abdominal 
pain and jaundice, anorexia and fatigue. No risk factors for liver disease were 
identifi ed and there was no history of recent foreign travel. She had been taking 
non-steroidal anti-infl ammatory medication (NSAID). Abdominal examination 
showed normal liver and spleen on palpations.

On day 14 following hospital admission the patient developed confusion and 
grade 2 hepatic encephalopathy. The local liver transplant centre was contacted 
and the patient was transferred. The patient was admitted directly to specialist 
liver ICU and closely monitored. She was intubated and mechanically ventilated. 
She was sedated with propofol and fentanyl. Invasive lines were inserted; vascath 
for renal replacement therapy, PiCCO arterial line for the measurement of pre-load 
and cardiac output and, due to hepatic encephalopathy, a jugular bulb catheter 
and an ICP bolt were inserted. She was aggressively fl uid resuscitated as her ITBV 
was low and lactate high. The opening pressure of ICP measured at 23 mmHg, 
therefore, minimal intervention of care was instituted. Thirty percent hypertonic 
saline via continuous intravenous infusion was commenced and her sodium level 
was kept >145 mmol/L. Hepatitis screen was conducted, which was negative. A 
provisional diagnosis of subacute liver failure NSAID/seronegative hepatitis was 
made.

The patient fulfi lled transplant criteria and received an orthotopic cadaveric liver 
transplant 3 days later. Table 13.5 presents the trends in biochemistry, lactate, 
ammonia and ICP values from referral to post liver transplant. Following liver 
transplantation the patient’s ICP reduced to less than 10 mmHg. There was also 
a reduction in lactate and INR.

Table 13.5 Trends in biochemistry, lactate, ammonia and ICP values from referral to post liver 
transplant.

Normal values On admission
On arrival at the 
specialist unit

Pre liver 
transplant

Post liver 
transplant

INR 0.9–1.2 1.4 3.9 (8 hours 
 later 6.77)

3.86 1.48

Bilirubin (μmol/L) 3–20 135 454 198 87
AST (IU/L) 10–50 1263 1453 400 299
ALP (IU/L) 30–130 216 181 131 109
Creatinine (mmol/L) 45–120 – 71 86 80
pH 7.35–7.45 – 7.48 7.44 7.40
Lactate (mmol/L) 0.2–1.0 – 3.3 2.3 1.03
Ammonia (μmol/L) 15–45 – 189 182 27
ICP (mmHg) 4–15 – 25 17 <10
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This case study demonstrates the rapid deterioration of patients with ALF and 
the need to transfer these patients to a specialist centre early for a successful bridge 
to liver transplantation.
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14Nutrition in liver disease

Introduction

In this chapter the nutritional treatment of patients with liver disease will be dis-
cussed. Nutritional therapy has always been recognised as an important part of 
treatment in people with cirrhosis. Protein calorie malnutrition (PCM) is an increas-
ingly recognised complication of chronic liver disease that has important prognos-
tic implications.

The prevalence of PCM in patients with compensated cirrhosis is reported as 
20–40% (Plauth et al., 1997; Johnson, 2003); whereas, the prevalence of PCM is 
80–100% in patients with decompensated cirrhosis (McCullough and Bugionesie, 
1997; Runyon, 1998). Malnutrition develops in patients with cirrhosis irrespective 
of the aetiology of disease and the incidence is similar between alcoholic and non-
alcoholic patients. However, despite the high incidence of PCM some patients 
remain obese. Careful management of weight, nutritional support and dietary 
therapy is necessary to ensure this group of patients is appropriately managed and 
PCM recognised despite what appears to be a high body mass index (BMI) (Day, 
2006).

Malnutrition and nutritional assessment

The cause of malnutrition is multi-factorial and compromises the clinical outcome 
of patients with end-stage liver disease. The presence of muscle wasting indicates 
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an advanced stage and is associated with poorer survival (Merli et al., 1996). 
Protein energy malnutrition has also been correlated with worsening ascites, 
encephalopathy and increased infection rates, hospital re-admissions and increased 
mortality (Cabre et al., 1990; Mullen and Weber, 1991; Runyon, 1998).

Matos et al. (2002) highlight the reasons why patients with liver disease develop 
malnutrition, which include:

� Poor dietary intake
� Malabsorption and maldigestion of nutrients
� Metabolic abnormalities including protein, glucose and fat
� Altered metabolism of micronutrients

All of these factors will be discussed in more detail throughout the chapter.
There are many diffi culties with regards to nutritional assessment of patients 

with liver disease as no gold standard exists which can determine the extent of 
malnutrition (Campos et al., 2002). Assessment of nutritional status should include 
medical and dietary history, subjective global assessment, anthropometric mea-
surements, biochemistry and body composition analysis, if available. Some of these 
are diffi cult to interpret and require specialist knowledge.

Dietary history can give indications of timing of meals, food portions and taste 
alterations, early satiety and malabsorption. Anthropometric measurements, 
including triceps skin fold thickness, mid-arm circumference and handgrip, can be 
used in patients with liver disease. Handgrip strength has been shown to predict 
clinical outcome in patients with cirrhosis (Alvares-da-Silva and Reverbel da 
Silveria, 2005). The tool is very non-invasive and can be used in a variety of 
settings.

For nursing staff, the Malnutrition Universal Screening Tool (MUST) can be a 
start for screening groups of patients at risk of malnutrition (British Association 
for Parenteral and Enteral Nutrition, 2003). For liver disease, BMI and weight 
changes should be calculated using estimated dry body weight. Looking at food 
portions and meal patterns can give indications of potential poor intakes. For all 
liver patients with decompensated liver disease one should assume they are at risk 
of protein energy malnutrition and osteoporosis.

Dietetic management of ascites

The management of ascites is frequently associated with sodium and fl uid restric-
tions, and malnutrition, the need for therapeutic diets and aggressive nutritional 
support (Fisher et al., 2002; Moore and Aithal, 2006). Ascites can aggravate PCM 
due to many factors. The nature of the symptoms can severely limit dietary intake 
due to feelings of early satiety, or the patients may experience abdominal pain, 
bloating, refl ux, constipation, reduced mobility, and reduced ability to shop, cook 
and prepare meals. Other symptoms can include breathlessness and increased 
infections such as spontaneous bacterial peritonitis.
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For patients being assessed with ascites the primary aim is to ensure nutritional 
requirements are being met. Secondly, salt and fl uid restrictions should be used 
with caution when appropriate and with close review in order to prevent further 
compromising the patient’s nutritional status.

Nutritional support in ascites management

If patients have fl uid restrictions, nutritional support products should be priori-
tised, within the restriction, above nutritionally poor fl uids such as tea, coffee 
and juices. Milk-based sip feeds have considerably higher protein than juice-based 
sip feeds and are often the supplements of choice, especially if patients are under-
going therapeutic paracentesis when protein losses per drain can exceed 90 g of 
protein.

If enteral feeding is necessary then most standard enteral feeds (1 kcal/mL) are 
suitable as they contain less than 40 mmol sodium per litre of feed. High-energy/
protein feeds are often prescribed (1.5–2 kcal/mL) as they provide more kcal/
protein in smaller volumes. Sip feeds, if prescribed in addition to the nasogastric 
feed, can be fl ushed down the nasogastric tube rather than drunk if the patient is 
struggling to consume them orally.

Dietary salt restrictions

Dietary salt restrictions have been shown to lower diuretic requirement, resolve 
ascites faster and reduce hospitalisation in ascitic patients (Soulsby, 1997; Moore 
and Aithal, 2006). Traditionally patients are advised to follow a ‘no added salt’ 
diet, which is 80–100 mmol sodium (4.65–5.8 g salt). The typical UK diet provides 
approximately 9–10 g of salt per day, despite the recommendation for the general 
population to be no higher than 6 g/day. Most hospitals provide meals that provide 
less than 6 g of salt per day so in hospital further restrictions are usually unneces-
sary. There is no evidence to restrict salt below the recommended amount for the 
general population in patients with liver disease without ascites or oedema (Moore 
and Aithal, 2006).

Sodium intakes vary enormously between patients and each patient’s intake 
needs to be assessed individually. Very often reducing a few key foods can have a 
profound infl uence on daily net sodium intake whilst maintaining an adequate 
dietary intake.

Basic advice to all ascitic patients is as simple as:

� No added salt to meals
� Avoid salty snacks such as crisps (20 mmol Na) and soups
� Encourage high-calorie high-protein snacks with a carbohydrate-rich snack in 

the evening
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It is vital to remember that by the time patients have developed ascites their 
appetites are frequently so poor that restrictions are unnecessary. However if a full 
‘no added salt’ restriction is required the advice in Table 14.1 should be given.

Assessing dry weight

Correct interpretation of the weight of fl uid in patients with ascites and peripheral 
oedema is vital. Suggested guidelines are detailed below for estimating the amount 
of fl uid present with mild, moderate and severe ascites (Johnson, 2003).

Patients with ascites:

� Minimal 2.2 kg
� Moderate 6.0 kg
� Severe 14.0 kg

Patients with oedema:

� Minimal 1.0 kg
� Moderate 5.0 kg
� Severe 10.0 kg

These fi gures have limitations and often patients have more fl uid than this 
evidence-based estimate advises. It is important to consider each patient as an 
individual and use these fi gures as a guide. Using weight histories and dry weights 
following paracentesis can be the best estimate that can be obtained of actual 
fl esh weight with adjustment if necessary for peripheral oedema. It is important 
to stress that dry weight or estimated dry weights must always be used for calcu-
lating BMI and calculating nutritional requirements, as BMI can be grossly mis-
leading in interpreting the level of malnutrition if adjustments for dry weight are 
not made.

Table 14.1 General advice and foods to avoid for sodium restrictions in ascitic patients.

General advice Foods to avoid

No salt added at the table
Pinch only in cooking
Avoid salt substitutes
Up to 100 g cheese/week
Up to 4 slices bread/day
Avoid all processed foods

Bacon, ham, sausages, pate
Tinned and smoked fi sh and meat
Fish and meat pastes
Tinned and packet soups
Sauce mixes, stock cubes, soya sauce, MSG
Tinned vegetables
Bottled sauces and chutneys
Meat and vegetable extracts
Salted nuts and crisps
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Nutrition in hepatic encephalopathy

A defi nition and pathophysiology of hepatic encephalopathy are discussed in 
Chapter 6. There is a direct link between PCM and worsening encephalopathy 
(Mullen and Weber, 1991; Morgan et al., 1995; Kondrup and Muller, 1997).

Historically dietary protein restrictions as low as 20 g per day were used to treat 
hepatic encephalopathy, as it was thought that nitrogenous waste products from 
protein metabolism, in particular ammonia, worsened acute hepatic encephalopa-
thy (Phillips et al., 1952). This therapy was not evidence based and therefore is 
not recommended. Evidence has also shown cirrhotic patients need at least 1.2–
1.3 g protein/kg/day to remain in a positive nitrogen balance (De Bruijn et al., 
1983). When nutritional requirements are not met, nitrogenous waste products 
from skeletal muscle breakdown from the resulting catabolism can exacerbate 
encephalopathy. Hence aggressive nutritional support is necessary.

Nutritional requirements

Nutritional requirements should be met aggressively, aiming for minimum of 1.2 g 
protein and 35 kcal/kg dry body weight (Plauth et al., 1997; Johnson, 2003). 
Encephalopathic patients will not meet nutritional requirements via standard hos-
pital diets alone and sip feeds and enteral nasogastric feeding should not be 
delayed. To avoid large dietary protein boluses, meals should be spaced out 
throughout the day with a snack between each meal and a late evening snack of 
at least 50 g of carbohydrate. Periods of fasting should be kept to an absolute 
minimum. If the patient is being enterally fed, administering the feed overnight 
breaks the overnight fast and promotes a positive nitrogen balance. If being exclu-
sively enterally fed, the feed should be administered over 24 hours until encepha-
lopathy resolves, and then reviewed.

Chronic encephalopathy

In ‘true’ chronic hepatic encephalopathy, as described in Chapter 6, which excludes 
any identifi able precipitating causes, ensure compliance with bowel management 
therapy and suffi cient dietary management. Patients should be assessed for a 
defi ned period before considering any protein restriction, as catabolism can worsen 
HE.

If encephalopathy persists and there is no improvement, a trial of protein restric-
tion may be indicated. If necessary a trial period of 1 g/kg protein, 35 kcal/kg dry 
body weight should be tried. A trial period should be defi ned and progress moni-
tored, including neurological status, in consultation with the multi-disciplinary 
team. Protein intolerance may be a transient phenomenon so periods of restriction 
should be kept as short as possible.
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Malabsorption and steatorrhoea

Malabsorption and maldigestion of gastrointestinal nutrients frequently exist in 
patients with liver disease, however the extent to which they occur can vary con-
siderably from one person to another. Malabsorption of fat-soluble vitamins is 
common, especially in patients with cholestatic disease where the reduced absorp-
tion of carbohydrates, protein, water-soluble vitamins and minerals has also been 
demonstrated (Matos et al., 2002). Other reasons for malabsorption may be bacte-
rial overgrowth resulting from impaired small bowel motility, or the administra-
tion of medications, e.g. neomycin, lactulose or cholestyramine. This resultant fat 
malabsorption contributes to malnutrition and defi ciency of fat-soluble vitamins 
(Henkel and Buchman, 2006).

Classically, the subjective diagnosis of steatorrhoea includes symptoms of loose, 
pale, fl oating stools with an offensive smell. People will often describe their bowel 
motions as diffi cult to fl ush away. Care needs to be given when considering these 
symptoms as they are similar symptoms to those of other malabsorptive states, 
such as Crohn’s disease, and further investigation may be warranted.

There has been a move away from severe fat restriction to a more individualised 
fat modifi cation taking into account the symptoms of the patient and the degree 
of restriction necessary. There is no evidence for fat restriction in patients with 
jaundice or gallstones who do not suffer any symptoms related to fat ingestion, 
i.e. pain, nausea or steatorrhoea (Madden, 1992).

Situations where fat restriction may be necessary are:

� When severe symptoms are causing distress to the patient
� Weight loss is directly related to the steatorrhoea
� Where there is signifi cant nausea or indigestion with fat intake which does not 

improve with anti-emetics or antacids

The fat content of the diet should be reduced slowly and in stages whilst moni-
toring the symptoms of steatorrhoea. Small changes may be necessary, e.g. no fried 
foods, or more signifi cant alterations could be required to alleviate the symptoms. 
This advice should be carried out by a dietician who can ensure adequate balance 
of nutrients is maintained whilst meeting energy and protein requirements.

Meeting nutritional requirements

Where fat restriction is needed in patients who are undernourished, energy and 
protein requirements still need to be met. Fat is a valuable source of energy and 
therefore alternative sources need to be used:

� Increase the protein content of the diet by enlarging high biological value 
protein sources if possible, i.e. meat, fi sh, chicken, eggs, milk

� Increase the carbohydrate content of the diet using Maxijul, Polycal
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� Alter supplements to low fat non-milk based ones, i.e. Enlive Plus, Provide 
Extra, Fortijuice

� Use medium chain triglycerides (MCTs). These are the preferred form of fat 
supplementation in chronic liver disease with steatorrhoea because they bypass 
the carnitine pathway and are readily utilised by the tissues (Sarath et al., 
2000). They are partially water-soluble and do not require bile salts for emul-
sifi cation. They are available in either oil (MCT oil) or an emulsion (Liquigen, 
SHS). The emulsion can be taken as a ‘medicine’ spaced out three to four times 
per day or mixed with milk to disguise the fl avour. The oil is not as easy to 
use in cooking as it has a low smoking point. Consideration needs to be given 
to enteral feeds which either have a high MCT content or are low fat

Fat-soluble vitamins (A, D, E, K)

Plasma concentrations of fat-soluble vitamins can be insensitive markers of fat-
soluble vitamin status. Plasma 25-hydroxyvitamin D gives a good indication of 
vitamin D status and prolonged PT can be taken as a sign of vitamin K defi ciency. 
However, it is essential to fi rst ensure that the prolonged PT is not a sign of 
decreased hepatic function.

Vitamin A

This is a family of fat-soluble compounds called retinoids, which have vitamin A 
activity. Retinol is the predominant form and is important for vision, particularly 
at night. Defi ciency is shown by xerophthalmia, night blindness and increased 
disease susceptibility (Fairfi eld and Fletcher, 2002).

In primary biliary cirrhosis (PBC) vitamin A defi ciency is seen in 20% of cases 
but is often clinically asymptomatic (Talwalkar and Lindor, 2003). In advanced 
primary sclerosing cholangitis (PSC) up to 82% of patients will be defi cient in 
vitamin A (Lee and Kaplan, 2002). Oral supplements are available but effectiveness 
depends on absorption, with water-soluble forms being used where possible 
(Kennedy and O’Grady, 2002).

Vitamin D

Vitamin D (calciferol) can be synthesised by humans with adequate exposure to 
sunlight. In adults, vitamin D defi ciency leads to secondary hyperparathyroidism, 
bone loss, osteopenia, osteoporosis and increased fracture risk (Fairfi eld and 
Fletcher, 2002).

Vitamin E

Defi ciency of this vitamin is rare but can be seen in chronic cholestatic liver disease. 
Symptoms include muscle weakness, ataxia and haemolysis.
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Vitamin K

This vitamin is essential for normal clotting and bone metabolism. Defi ciency 
results in clotting disorders which are frequently found in patients with liver 
disease. Supplementation can be given as either intramuscular or intravenous injec-
tions. However, due to altered coagulopathy most liver centres administer vitamin 
K intravenously.

Calcium

Calcium malabsorption can be related to vitamin D defi ciency and the formation 
of unabsorbable calcium soaps in the intestinal lumen (Kehayoglou et al., 1968). 
The level of supplementation is discussed later in this chapter.

Diabetes in liver disease

Liver disease and its subsequent cirrhosis are associated with insulin resistance, 
pancreatic beta cell dysfunction and diabetes. It is vital that blood glucose levels 
are monitored in known diabetics and those who are at risk of developing hyper-
glycaemia due to steroid use or pancreatic insuffi ciency.

Diabetes is associated with mobilisation of adipose tissue, fatty acids and 
increased protein catabolism (McCullough and Bugionesie, 1997; Gonzales-
Barranco et al., 1998) For this reason, normal glycaemic control is crucial to 
prevent further muscle wastage. Consideration of the patient’s nutritional require-
ments, rather than reducing intake to achieve normoglycaemia, is vital.

Patients with elevated blood glucose levels (more than 11 mmol/L) are also at 
risk of nosocomial infections by up to ten fold (McMahon and Rizza, 1996).

The most suitable types of medication regimen should be discussed in line with 
current diabetic standards and knowledge of the patient’s nutritional requirements. 
It is inappropriate to provide standard healthy eating advice for diabetes to patients 
with decompensated liver disease. For most patients, the most suitable advice is:

� Reduce intake of simple sugars
� Regular meals and snacks which include protein and especially including a late 

evening snack with 50 g carbohydrate content
� Enriching food to increase the energy and protein content, e.g. extra cream, 

butter, cheese
� Use fruit and vegetables in moderation as these have low energy density and 

can lead to early satiety, thereby omitting vital macronutrients
� Using proprietary supplements which have lower carbohydrate content or 

advising the patient to sip the supplements slowly over 1–2 hours after 
meals
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For enteral feeding in patients with diabetes, consideration may be given to the 
content of the feed in conjunction with the dietician in terms of carbohydrate and 
fi bre content. In situations where parenteral feeding is required, insulin doses 
should be titrated according to the need to achieve as near normal blood glucose 
levels as possible.

Osteodystrophy

An important complication of chronic liver disease is osteodystrophy, which 
includes osteoporosis and osteomalacia. These conditions are associated with sig-
nifi cant morbidity through fracture, resulting in pain, deformity and immobility 
(Collier et al., 2002). It was previously thought that patients with PSC or PBC 
were those with liver disease at risk of osteodystrophy, however it is now accepted 
that it is a risk in all cirrhotic patients regardless of their underlying condition.

Risk factors for osteoporosis and subsequent fracture irrespective of cirrhosis 
include:

� Low BMI <19 kg/m2

� Excess alcohol consumption
� Steroid use (prednisolone 5 mg/day for more than 3 months)
� Physical inactivity
� Previous fragility fracture
� Early maternal hip fracture (<60 years)
� Hypogonadism and premature menopause (<45 years)

Treatment

General measures that should be advised for all patients with chronic liver disease 
are to stop smoking, reduce alcohol if intake is excessive and participate in regular 
weight-bearing exercise. Having a low BMI is an independent risk factor for osteo-
porosis (Collier et al., 2002). Nutritional assessment is necessary, as is ensuring 
adequate calories and protein are taken daily with nutritional support products if 
necessary. Calcium and vitamin D intakes are often inadequate in the general 
population and poorer in any group of patients with chronic diseases including 
cirrhosis, and therefore most patients require nutritional support advice and 
medical supplementation of both calcium and vitamin D.

Types of nutritional support in chronic liver disease

Diet therapy is pivotal to the treatment of nutritional failure in liver cirrhosis. The 
route and type of nutrition must be carefully planned in order to meet their high 
nutritional requirements.
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Oral

Patients can generally tolerate a normal diet and should not be restricted unless 
this is specifi cally indicated. Great care should be taken to meet their individual 
nutritional requirements (Table 14.2) and liaison with the multi-disciplinary team, 
especially the dietician, is vital (Morgan et al., 1995; Lochs and Plauth, 1999).

Both the pattern and timing of food intake have been studied (Verboeket-van 
De Venne et al., 1995; Tsuchiya et al., 2005; Yamanaka-Okumura et al., 2006). 
The amount of time needed for patients with liver cirrhosis to reach a catabolic 
state (in which most of the energy is derived from fat) is much shorter than in 
non-cirrhotic patients. After a short-term fast of only 9 hours, fat is used by the 
body as an alternative fuel for glucose which cannot be produced suffi ciently due 
to depleted glycogen stores in the liver (Verboeket-van De Venne et al., 1995). 
Therefore, for patients with cirrhosis a nibbling pattern of food intake of fi ve to 
six small meals per day is a better way of providing nutritional support. This 
should include a late evening snack containing 50 g of carbohydrate to improve 
glucose intolerance in patients with liver cirrhosis; examples of snacks are demon-
strated in Table 14.3 (Tsuchiya et al., 2005).

Table 14.2 Recommendations for nutritional requirements (Johnson, 2003). Adjust requirements for 
high BMI. If BMI = 30–40 kg/m2, use 75–100% of the value estimated from body weight/estimation of 
dry body weight. If BMI >40 kg/m2 use 65–100% of value estimated from body weight.

Condition Energy kcal/kg/day (dry weight kg)

Compensated liver disease 25–35
Decompensated liver disease 25–45

Protein g/kg/day (dry weight kg)

Compensated liver disease 1.2–1.3
Decompensated liver disease 1.5–2.0
Post transplant 1.5–2.0
Acute liver failure 1.2–1.5
Chronic encephalopathy 1.0 (minimum for a trial period only)

Table 14.3 Examples of a 50 g carbohydrate snack. Patients gener-
ally tolerate most of the supplements drinks better when chilled, 
sipped slowly and taken between mealtimes.

Examples of a 50 g carbohydrate snack

200 mL milk with two slices of bread/toast with jam
1 Fortijuice/Enlive
1 Fortisip/ Ensure Plus and one slice bread/toast
1 Build Up and one slice bread/toast
1 Fortimel and one scone
1 Fortisip/Ensure Plus and one biscuit/crumpet
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Enteral nutrition

Randomised controlled trials have shown that enteral nutrition in cirrhosis is 
nutritionally more effective than oral diet (Mendenhall et al., 1985; Cabre et al., 
1990) and is associated with improved liver function and prognosis (Plauth et al., 
1997; Cunha et al., 2004).

Nasogastric route

Patients with liver cirrhosis should be considered early for artifi cial nutrition when 
they are unable to meet their requirements via diet and supplement drinks alone. 
There can still be some reluctance to pass nasogastric (NG) tubes where there are 
known oesophageal varices due to the risk of bleeding; however, this is not sup-
ported by the evidence (Cunha et al., 2004; Plauth et al., 2006).

High energy density feeds (1.5 kcal/mL or more) are most often required to 
achieve the high calculated nutritional requirements. Most feeds contain less than 
100 mmol/L of sodium in 2000 kcal, which is equivalent to a no added salt diet 
and therefore can be used for the majority of patients. It is not necessary to dilute 
feeds when starting regimens; the rate should be built up over 24–72 hours depend-
ing on previous oral intake and the local policy on refeeding syndrome.

Encephalopathic patients provide their own challenges for placement of NG 
tubes. As their confusion increases the risk of dislodged tubes also escalates. The 
multi-disciplinary team needs to discuss in conjunction with local policies how to 
manage these patients, which may include increased nursing care, secure taping of 
the tube, or restraints.

Nasojejunal feeding

There is a lack of evidence regarding NG versus nasojejunal (NJ) feeding in this 
group of patients but NJ feeding may be used in the following circumstances:

� Poor absorption of NG feed with large gastric aspirates – can occur in patients 
with ALF or slow gut motility in critically ill patients who fail to respond to 
prokinetics

� Where there is nausea and vomiting, e.g. ascites, drug overdose
� Early satiety, e.g. ascites, chronic malnutrition

This route of feeding may also be benefi cial by providing a continuous infusion 
of feed thereby reducing fasting periods. The same types of feeds should be used 
as for the NG route according to individual need.

Gastrostomy and jejunostomy feeding

The placement of percutaneous endoscopic gastrostomy (PEG) tubes is contra-
indicated in most patients with cirrhosis (Loser et al., 2005), due to the risk of 
formation of ascites and the increased risk of leakage of fl uid around the stoma 
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site and subsequent infection. Jejunostomy tubes may also be at increased risk of 
infection if ascites is present. They can be used post transplant for extended periods 
of feeding, however their use is now declining as most patients can be adequately 
fed via the NG or NJ route.

Parenteral nutrition

Parenteral nutrition should be reserved for patients where there is no enteral 
feeding route available (Henkel and Buchman, 2006). This form of nutritional 
support is more expensive, and is associated with a higher incidence of infections 
and electrolyte imbalance when compared to enteral nutrition (Sanchez and 
Aranda-Michel, 2006). Hepatic abnormalities (e.g. hepatic steatosis, intrahepatic 
cholestasis or elevated liver function tests) are relatively common, occurring in up 
to 75% of adults receiving parenteral nutrition (Guglielmi et al., 2006). When 
patients develop abnormal or worsening of liver function tests all other treatable 
causes should be identifi ed and the risks minimised, e.g. sepsis. In most situations 
only monitoring is required or a small reduction in the energy content of the feed 
to 25 kcal/kg including nitrogen calories or 20 kcal/kg from non-nitrogen sources 
(Kumpf, 2006).

Studies suggest that the initiation of a small amount of enteral nutrition, if pos-
sible, may minimise complications such as sepsis by preventing changes to the 
structure and function of the gut and decreasing the risk of bacterial translocation 
(Guglielmi et al., 2006).

Energy should be provided by glucose and fat sources. Current research recom-
mends 30–50% of the non-protein energy be given as fat, the higher proportion 
of fat in glucose-intolerant patients. For those who have ascites or peripheral 
oedema, a fl uid restriction may be required. These patients would normally also 
be sodium restricted at a level of 80–100 mmol/L.

Standard parenteral nutrition bags which would meet most requirements can be 
used rather than modular bags (Klein et al., 1997). In long-term parenteral nutri-
tion, liver function may be improved by the provision of structured lipids, omega-3 
fatty acid, intravenous lipid or cyclical feeding (Rubin et al., 2000).

For patients with acute alcoholic hepatitis, aggressive enteral nutrition should 
be the route of choice. Parenteral nutrition should be considered if this route is 
not possible. There is no advantage in giving parenteral nutrition to patients with 
chronic liver disease for perioperative feeding. Again, the enteral route should be 
tried fi rst. All cases should be referred to either the hospital nutrition team or a 
suitably trained health professional.

Nutritional support in alcoholic liver disease

Nutritional support in patients who have alcoholic liver disease (ALD) is necessary 
as some studies report an incidence of PCM of up to 100% in this group of patients 
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(Tome and Lucey, 2004). Malnourishment of patients with alcoholic liver disease 
is of multi-factorial origin. Poor dietary intake, decreased gastrointestinal use and 
poor ability to store nutrients all contribute to malnutrition but the mechanisms 
by which malnutrition worsens ALD are unknown. It has been suggested that 
protein calorie defi ciency could enhance the toxicity of alcohol, partly through the 
infl uence of nutritional status on the effect on the immune system integrity and 
the capacity to respond to infection (MacSween and Burt, 1986). Another explana-
tion is that alcohol inhibits hepatic regeneration and protein synthesis, hence the 
reason that abstinence is vital to assess how much the liver can compensate without 
the continued insult of alcohol prior to consideration of transplantation (Figure 
14.1, Plate 15).

It is important when assessing a patient with a history of alcohol excess or 
established ALD that thiamine and vitamin B compound are prescribed as a main-
tenance prescription due to the increased metabolic need for these vitamins while 
drinking alcohol. The clinical consequences of thiamine and other B vitamin defi -
ciency can be severely debilitating. Some of the symptoms include peripheral neu-
ropathy, beri beri, cardiomegaly, reduced motility and elasticity of gut lumen, 
depression, Wernicke’s encephalopathy and, should the defi ciency continue, the 
irreversible progression to Korsakoff’s psychosis.

For descriptive purposes the three main stages are described as steatosis, acute 
alcoholic hepatitis and cirrhosis (Baptista et al., 1981). In reality these often 
overlap and nutritionally it is important to consider each patient on their individual 
condition.

Figure 14.1 Explanted liver demonstrating alcohol-induced liver cirrhosis. For a colour version of this 
fi gure, please see Plate 15 in the colour plate section.



Nutrition in liver disease 247

Steatosis

At this stage the dietary treatment advised is to stop alcohol intake, achieve a body 
mass index within an acceptable range (BMI 20–25 kg/m2) and a healthy eating 
diet with exercise programme.

Alcoholic hepatitis

Most patients who develop alcoholic hepatitis already have an established degree 
of malnutrition and the mortality as a result of acute alcoholic hepatitis is corre-
lated closely with the severity of protein energy malnutrition (Cabre et al., 1990). 
Initially medical treatment of gastritis, nausea and vomiting may be necessary to 
allow nutritional support to commence. Anorexia is common. Nutritional require-
ments are calculated using 35–45 kcal/kg, 1.2–1.8 g protein/kg/dry body weight 
per day (Johnson, 2003; Todorovic and Micklewright, 2004). It is unlikely that 
patients can meet these requirements orally and nutritional support products are 
essential.

Micronutrient defi ciencies are often found, such as vitamin C (ascorbic acid), 
zinc and B vitamins. All may need additional supplementation. If the enteral route 
is available it should be used and parenteral nutrition considered only when other 
feeding routes have been exhausted.

Alcoholic cirrhosis

Studies have reported an incidence of 80–100% of protein energy malnutrition 
in patients with alcoholic cirrhosis and nutritional support is a vital part of treat-
ment. Enteral nutritional support improves nutritional status and liver function, 
reduces complications and prolongs survival in cirrhotic patients (Plauth et al., 
1997).

Each patient should be assessed on admission to hospital and nutritional treat-
ment is symptom led. Medical treatment of gastritis, nausea and vomiting may be 
necessary. Complete alcohol abstinence should be advised and thiamine and B 
vitamins prescribed. Recommended nutritional requirements are 1.5–2.0 g protein/
kg dry body weight and 35–40 kcal/kg dry body weight (Johnson, 2003; Todorovi 
and Micklewright, 2004).

The oral route or nasogastric route should be decided on an individual patient 
basis. As nutritional support is symptom led, consideration should be given 
to common symptoms and consequences of cirrhosis, such as ascites, fl uid 
restrictions, early satiety, jaundice and malabsorption. Close systematic monitor-
ing is needed to ensure nutritional requirements are met and hence improve 
outcome.
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Refeeding syndrome

Refeeding syndrome consists of metabolic disturbances that occur as a result of 
reinstating nutrition to patients who are starved or severely malnourished (Crook 
et al., 2001; NICE, 2006). Patients can develop fl uid and electrolyte disorders, 
especially hypophosphataemia, hypokalaemia and hypomagnesaemia along with 
neurological, pulmonary, cardiac, neuromuscular and haematological complica-
tions. The effect is due to a sudden shift from fat to carbohydrate metabolism. It 
can be fatal if not recognised and treated properly. The patients at risk of develop-
ing this syndrome have one or more of the following (NICE, 2006):

� BMI less than 16 kg/m2

� Unintentional weight loss greater than 15% within the last 3–6 months
� Little or no nutritional intake for more than 10 days
� Low levels of potassium, magnesium or phosphate prior to feeding
� Diabetes, hyperglycaemia or increased insulin requirements

Alternatively the patient has two or more of the following:

� BMI less than 18.5 kg/m2

� Unintentional weight loss greater than 10% within last 3–6 months
� Little or no nutritional intake for more than 5 days
� A history of alcohol abuse or drugs including insulin, chemotherapy, antacids 

or diuretics

As nutritional support commences patients must have prescribed oral thiamine, 
vitamin B and a multivitamin preparation, immediately before and during the fi rst 
10 days of feeding. Enteral feeding should be commenced at no more than 10 kcal/
kg and increased slowly over 7 days to calculated nutritional requirements. Daily 
monitoring of serum electrolytes, magnesium and phosphate is necessary and 
medical supplementation should be given as clinically indicated.

Non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) is an emerging phenomenon which is 
clearly linked with the increasing prevalence of obesity and metabolic syndrome 
in the UK, as discussed in Chapter 8.

Dietetic management of metabolic syndrome

Metabolic syndrome is a cluster of risk factors that increase ischaemic heart 
disease. Abdominal obesity, which is measured by doing a simple waist circumfer-
ence measurement, is the body fat parameter most closely associated with the 
metabolic syndrome. This measurement is particularly associated with insulin 
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resistance and is a much stronger predictor of cardiovascular complications and 
NAFLD than a high BMI (Sanyal and AGA, 2002).

First-line management of the metabolic syndrome consists of lifestyle interven-
tions, weight loss, increased exercise and stopping smoking. Each individual com-
ponent of the syndrome should be treated medically where appropriate.

Obesity

The UK population is getting fatter and the incidence of type 2 diabetes is dramati-
cally on the increase. Grades of obesity can be defi ned as:

� Healthy BMI 20–25 kg/m2

� Grade 1 obesity 26–30 kg/m2

� Grade 2 obesity 30–35 kg/m2

� Grade 3 obesity >35 kg/m2

Weight loss

The value of calorie restriction with exercise in achieving and maintaining weight 
loss is well established. Weight loss and physical activity improve all components 
of metabolic syndrome. They improve lipid profi les, insulin sensitivity, hyperten-
sion and NAFLD (Sanyal and AGA, 2002). They also further reduce the risk for 
type 2 diabetes.

To promote weight reduction through caloric restriction, national expert clinical 
guidelines for weight loss recommend that caloric intake should be reduced by 
500–1000 calories per day to produce a weight loss of 0.5–1.0 kg/week (NIDDK, 
2004). The goal for patients is to reduce bodyweight by 10% of their baseline 
weight. Current exercise guidelines recommend 30–60 minutes of moderate-
intensity exercise daily (e.g. brisk walking). Dietary changes alone are associated 
with high failure rate at achieving weight loss due to multi-factorial reasons that 
are outside the scope of this chapter.

Rapid weight loss should be discouraged to avoid weight loss that exceeds 
1.5 kg/week as this can cause worsening steatohepatitis, risk of decompensation 
and increased risk of gallstones (Sanyal and AGA, 2002). ‘Healthy eating’ diets as 
described below should be advised. For people without diabetes advise:

� Balance of Good Health
� British Dietetic Association Healthy Eating Advice
� British Heart Foundation Dietary Advice
� Diet <35% fat, 50% carbohydrate, 15% protein
� 15–20% monosaturates minimal trans fats
� Minimal refi ned carbohydrate, low gycaemic index (GI) foods
� Fish once or twice per week with one portion being oily
� Lower saturated fat <10% total fat
� Lower total fat
� Increased fruit and vegetables to fi ve portions/day
� Exercise for 30 minutes/day
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For people with diabetes advise as above and in line with dietary position state-
ments as described by European Association for the Study of Diabetes and the 
American Diabetes Association (EASD, 2000; Sanyal and AGA, 2002).

Non-alcoholic steaotohepatitis

‘Healthy eating’ dietary therapies with exercise and normoglycaemia should be 
advised with a target weight maintenance of BMI ≤25 kg/m2 pre and post trans-
plant, as steatosis (fatty liver) recurs in a majority of patients by 4 years post 
transplant, with 50% of patients developing recurrent non-alcoholic steatohepati-
tis (NASH) (Doelle, 2004).

Patients with decompensated NASH
When patients with NASH become cirrhotic the nutritional advice can appear 
confusing for patients and staff alike. It is important to recognise that these patients 
are at a high risk of PCM despite what appears to be an elevated BMI. The meta-
bolic changes of cirrhotic liver are present, and to maintain a positive nitrogen 
balance the patients need 1.5–2 g of protein/kg of dry body weight (Johnson, 
2003). Failure to do so results in gross muscle decline and increased mortality.

Muscle mass can be measured objectively using handgrip and mid-arm muscle 
circumference measurements. It is vital to calculate dry weight BMI adjusting for 
ascites and oedema as described earlier in the chapter. If weight loss is necessary, 
to ensure fat and not further muscle mass is lost, advice is given with the aim to 
lose weight by mobilising fat stores at a rate of 0.5–1 kg dry weight/week. A more 
rapid loss could cause the liver to decompensate and worsen underlying protein 
malnutrition. Strict attention to fl uid weight adjustments (ascites and oedema) is 
necessary to distinguish between fl uid and dry body weight.

Post-transplant nutrition

The rates of morbidity and mortality post transplant are related to the incidence 
of pretransplant malnutrition (Hasse, 2006). In the immediate postoperative 
period, feeding protocols vary between transplant centres. Nonetheless, if the 
patient requires enteral nutrition this is normally initiated within 12 hours of 
theatre providing there are no surgical contraindications. All feeds should be 
started at full strength and increased as per local protocols, and can be continued 
until an acceptable oral intake is maintained. NG feeding may be reduced to over-
night as oral intake increases, in liaison with the dietician caring for the patient.

Once NG feeding has ceased supplementation of the diet will continue to be 
necessary for the next 2–3 months, depending on the individual, with snacks and/
or supplement drinks as described pre transplant. It is important to continue to 
be proactive with nutritional support at this stage as the patient may still have 
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signifi cant wound healing, necessary weight gain and episodes of rejection to 
overcome. Regular monitoring continues to be essential.

In long-term liver transplant recipients there are six main nutritional problems 
which may occur, which are shown in Table 14.4.

Chapter summary

Malnutrition is a common complication of liver disease which has important 
prognostic implications. Nutritional assessment should include a detailed history 
of symptoms, dietary intake and objective measurements of nutritional status. 
Dietary advice aims to meet estimated requirements whilst avoiding unnecessary 
restrictions. Artifi cial nutrition should be considered early with enteral feeding the 
route of choice. Some disease aetiologies such as NAFLD are linked to the increas-
ing prevalence of obesity and metabolic syndrome. Dietary treatment consists of 
lifestyle interventions, weight loss, increased exercise and stopping smoking.
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Introduction

The liver is the predominant site of drug metabolism, biotransformation and clear-
ance. Therefore it is not surprising that drug-induced hepatotoxicity accounts for 
approximately 2% of all inpatient jaundice, and that drug-induced hepatic injury 
accounts for 10% of all liver disease, with over 1000 drugs and chemical agents 
being implicated as the cause (McFarlane et al., 2000). In the USA, drug-related 
hepatotoxicity is now the leading cause of acute liver failure (ALF) amongst 
patients referred for liver transplantation. Drug-related hepatotoxicity accounts 
for 50% of all cases of ALF, which is associated with a 90% mortality rate 
(O’Grady et al., 1989; Navarro and Senior, 2006). However, reliable data of drug-
induced hepatotoxicity is diffi cult to establish. This situation may be compounded 
by the lack of regulation of herbal remedies which are now used by up to 50% of 
the western population, and account for as much as 5% of all drug-induced liver 
disease (Ryder and Beckingham, 2001).

To discuss all aspects of drug-induced hepatic damage is beyond the scope of 
this chapter, therefore it will focus primarily on the most common type of drug-
induced liver injuries, the risk factors for drug-induced hepatotoxicity and the most 
commonly prescribed and over the counter (OTC) pharmacological preparations 
and the herbal remedies associated with hepatotoxicity.

Suzanne Sargent
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Mechanisms of hepatotoxicity

The pathogenesis and clinical presentation of hepatotoxicity varies with each 
pharmacological agent, and in a large proportion of cases is poorly understood. 
In general drug-related jaundice can be due to either predictable direct hepato-
toxicity, such as paracetamol overdose, or idiosyncratic drug reactions, which 
make up 20% of all severe liver injury cases requiring hospitalisation (Ryder and 
Beckingham, 2001).

The liver is central to drug metabolism as the hepatocytes contain all the neces-
sary enzymes to enable this to occur. The enzyme systems responsible for this 
process are located in the smooth endoplasmic reticulum of the hepatocytes 
and include mixed function oxidase or mono-oxygenase (MFO), cytochrome 
c-reductase and cytochrome P450. The main enzymes involved in drug metabolism 
belong to the cytochrome P450 group (Norris, 2006).

Biotransformation takes place in several stages of biochemical reaction which 
are classifi ed as phase 1 and phase 2, and are discussed further in Chapter 1. Some 
drugs undergo just phase 1 or 2 metabolism, however most drugs will undergo 
sequential metabolism of both phases. Phase 1 reactions are mediated by cyto-
chrome P450 and prepare the compound for conjugation by oxidation or hydroxy-
lation, therefore making the drug more polar and modifying the structure of the 
drug (Norris, 2006). There are many differences between patients’ ability to 
perform phase 1 liver metabolism of some drugs, and genetic differences in the 
activity of P450 isoenzymes which may determine idiosyncratic drug reactions 
(Norris, 2006). Enzyme inducers such as alcohol, barbiturates and anticonvulsant 
therapy can alter P450 enzyme activity, therefore increasing the risk of drug toxic-
ity (Schiano and Black, 2004).

Phase 2 metabolisms involve conjugation in which the drugs are converted from 
an active metabolite to a non-toxic more water-soluble product by conjugation 
with glutathione, sulphate, glucuronide or water. These metabolic processes usually 
occur in the hepatocyte cytoplasm (Schiano and Black, 2004). Factors which 
determine whether the metabolised drug will be excreted in bile or urine are mul-
tiple and can be dependent on factors such as molecular size, or the polarity of 
the substances (Sherlock and Dooley, 2002).

Diagnosis of drug-induced liver injury

The clinical manifestations of drug-induced liver injury mirror the signs and symp-
toms of most forms of liver disease, therefore this possibility should be considered 
when taking a patient’s history. All drugs taken over the previous 3 months should 
be recorded, including the dose, route of administration, duration, and any con-
comitant medication, including alternative therapies such as herbal and Chinese 
remedies. Early suspicion of drug-related hepatotoxicity and accurate diagnosis 
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are imperative as the severity of the reaction can be increased if the drug regime 
is continued, especially after symptoms develop or serum transaminases become 
elevated.

Other causes of liver disease such as viral hepatitis or autoimmune hepatitis 
should not be forgotten and need to be excluded by careful assessment of clinical, 
radiological, biochemical and serological fi ndings. Nonetheless, the possibility of 
drug injury superimposed on liver disease must always be considered (Schiano and 
Black, 2004).

Individual susceptibility to hepatic injury is infl uenced by many factors such as 
gender, age, genetic predisposition, pregnancy, nutritional status (obesity or mal-
nutrition), pre-existing liver disease and a known history of interactions with other 
drugs (McFarlane et al., 2000); consequently these facts should always be taken 
into consideration when suspecting drug-induced liver injury as the primary or 
differential diagnosis.

Classifi cation of drug injury

Drug-induced liver injury may be either hepatocellular (with liver cell necrosis 
and/or steatosis), cholestatic (reduced bile fl ow and jaundiced with little parenchy-
mal damage), or a mixed type with features of parenchymal and cholestatic 
damage. Often there is overlap between types of liver damage as drugs can cause 
more than one type of reaction (McFarlane et al., 2000). The presentation of drug-
induced liver failure varies and depends on the underlying type of liver injury. 
Elevation of biochemical tests, such as AST, ALT and GGT, can represent an 
adaptive response to a drug, but may not be indicative of the true hepatic injury 
(Watkins and Seeff, 2006). When the diagnosis is diffi cult to establish, a liver 
biopsy can be useful with a drug-related reaction suggested by fatty changes, 
granulomas, bile duct lesions, zonal hepatic necrosis and general hepatocellular 
‘unrest’ (Sherlock and Dooley, 2002).

Hepatocellular drug-induced liver disease

The primary event is caused by hepatocellular necrosis, and the clinical picture 
varies from subclinical elevations of AST and ALT to acute liver failure. Hepato-
cyte injury is rarely due to the drug itself and is usually caused by a toxic metabolite 
or metabolite-mediated immuno-allergic reaction (Norris, 2006). Acute hepatocel-
lular hepatitis generally has no specifi c features and mimics acute viral hepatitis, 
and therefore it can be hard to distinguish one from the other. Clinically 
acute hepatocellular hepatitis is defi ned by ALT above twice the upper normal 
limit (ULN) or ALT:ALP ratio of ≥5. Prolongation of the INR or PT and hyper-
bilirubinaemia are all poor prognostic indicators; this is discussed further in 
Chapter 13.
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Drug-induced cholestasis

Cholestasis is the failure of bile to reach the duodenum, and is commonly charac-
terised by jaundice, pruritus, pale stool and dark urine. There are three mechanisms 
of drug-induced cholestasis which are due to impairment of hepatocellular bile 
secretion (pure cholestasis or cholestatic hepatitis), obstruction of ductules (chol-
angiolitis) or interlobular ducts (cholangitis) or extrahepatic obstruction (Erlinger, 
1997). Cholestatic injury is associated with serological elevations of ALP, serum 
bilirubin and GGT (Navarro and Senior, 2006).

Steatosis

Steatosis refers to the accumulation of fat droplets in liver cells, either microvesicu-
lar (small droplets of fat within the hepatocytes) or macrovesicular (larger lipid 
droplets). Examples of drugs that can induce steatosis are shown in Table 15.1.

Fibrosis

Fibrotic damage forms part of most drug reactions, but in some it may the domi-
nant feature. Fibrous tissue is deposited in the Disse space, obstructing the sinu-
soidal blood fl ow and causing non-cirrhotic portal hypertension and hepatocellular 
dysfunction (Sherlock and Dooley, 2002). An example of this is methotrexate-
induced hepatic fi brosis.

Hepatic venous damage

Obstruction of both the large (Budd-Chiari syndrome) and small hepatic veins 
(veno-occlusive disease) can result from adverse drug reactions and is characterised 
by abdominal pain, ascites and lower limb oedema. In some cases ALF can develop. 
Diagnosis is usually made with ultrasonography with Doppler studies, CT and 
hepatic venography for Budd-Chiari syndrome, and liver biopsy in veno-occlusive 
disease.

Commonly used drugs that cause hepatotoxicity

Over 1000 drugs have been implicated in causing either acute or chronic liver 
injury, ranging from subclinical elevation of liver function tests to acute liver 
failure (McFarlane et al., 2000). The commonest drugs that cause hepatotoxicity 
are demonstrated in Table 15.2, some of which are discussed below.
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Table 15.1 Classifi cation of hepatotoxic drug reactions.

Types of hepatotoxic reaction Examples of drugs

Hepatocellular Paracetamol (acetaminophen)
Halothane 
Carbon tetrachloride
Rifampin 
Isonizid 
Ketoconazole 
Statins 
Volproic acid 
NSAIDs

Cholestasis Amoxicillin–clavulanic acid
Anabolic steriods
Sex hormones (oestrogen hormone 

replacement therapy or contraceptive pill)
Chlorpromazine
Chlororpropamide 
Flucloxacillin
Erythromycin 
Tricyclics 
Tamoxifen

Mixed (hepatitis and cholestasis) Amitriptyline 
Azathioprine
Captopril
Phenytoin 
Verapamil
Trimethaprine

Microvesicular steatosis: inhibition of fatty acid 
mitochondrial beta-oxidation

Sodium valoprate 
NSAIDs
Aspirin
Tetracycline

Macrovesicular steatosis: decreased secretions of 
lipoproteins

Amiodarone 
Corticosteriods 
Methotrexate

Fibrosis Methotrexate 
Vitamin A
Vinyl chloride

Tumours (ademoma and hepatocellular carcinoma) Oral contraceptive, oestrogen and androgens

Vanishing bile duct syndrome: autoimmune 
destruction of small bile ducts

Chlorpromazine

Vascular (veno-occlusive disease, hepatic vein 
obstruction, portal vein obstruction)

Cytotoxics 
Azathioprine 
Sex hormones



Table 15.2 Drugs known to cause drug-induced liver injury. Adapted from Norris (2000).

Drug groups Drugs known to induce liver injury

Anticonvulsants and psychoactive drugs Phenytoin 
Carbamazine 
Valproic acid 
Chlorpromazine 
Tricyclic antidepressants 
Monoamine oxidase inhibitors 
Cocaine

Antibacterial agents Tetracyclines
Erythromycin 
Flucoxacillin 
Amplicillin and amoxycillin 
Sulphonamides 
Nitrofurantoin

Antifungals Ketoconazole 
Griseofulvin

Antituberculous agents Isoniazid 
Rifampin

Analgesics and anti-infl ammatory drugs Acetaminophen (paracetamol) 
Salicylates 
Diclofenac
Phenylbutazone 
Sulindac
Ibuprofen 
Nimesulide

Cardiovascular agents Methyldopa 
ACE inhibitors 
Thiazide diuretics 
Hydralazine 
Amiodarone 
Quinidine 
Calcium channel blockers 
Beta-adrenergic blocking drugs 
Perhexilene maleate 
3-Hydroxy-3-methylglutaryl coenzyme A reductase 

inhibitors 
Clofi brate

Immunomodulatory drugs Methotrexate 
Antipurines 
Antipyrimidines 
Zidovudine 
Busulfan 
Cyclophosphamide 
Chlorambucil

Naturally occurring immunodulatory agents L-asparaginase 
Alkaloids
Adriamycin (doxorubicin hydrochloride)

Anaesthetic agents Halothane
Industrial and naturally occurring toxins Carbon tetrachloride

Yellow phosphorous 
Selenium 
Vinyl chloride 
Pesticides 
Arsenic 
Mushroom poisioning 
Alfatoxins 
Herbal medicines
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Paracetamol (acetaminophen)

Paracetamol (acetaminophen) is the most common cause of drug-induced liver 
injury and ALF in both the UK and USA. Whilst paracetamol hepatotoxicity is 
often linked to people attempting or achieving suicide, accidental overdose accounts 
for 8% of cases in the UK to 48% of cases in the USA. The median dose of 
paracetamol causing ALF in the UK was reported to be 40 g, with the highest 
mortality seen at doses exceeding 48 g (O’Grady, 2006).

Paracetamol is primarily metabolised by conjugation to glucuronide and sul-
phate before being excreted in the urine. However approximately 5% is metabo-
lised by the cytochrome P450 pathway, which results in the formation of a highly 
toxic metabolite N-acetyl-P-benzoquinone imine (NAPQI). This is turned into 
harmless metabolite by conjugation with glutathione S-transferases (GSTs) before 
being excreted in the urine as mercapturic acid. However, when doses exceeding 
safe margins of paracetamol are ingested, the normal metabolising routes of con -
jugation with glucuronide and sulphate become saturated, causing increased 
metabolism through the cytochrome P450 pathway. This increases the formation 
of NAPQI, leading to decrease in intracellular glutathione and subsequent hepato-
cellular necrosis (Figure 15.1).

There are three phases of clinical presentation. Phase 1 occurs with 12–24 hours 
following ingestion when patients present with gastrointestinal symptoms of 
nausea, vomiting and anorexia. Patients may display little evidence of liver injury 
until phase 2 (24–48 hours), in which the patient may exhibit elevations in ami-
notransferase, bilirubin and prolonged prothrombin. Right upper quadrant pain, 
hepatic encephalopathy, and renal impairment may sometimes be present. Phase 
3 occurs in days 3–10 post ingestion when the onset of overt acute liver dysfunc-
tion is seen and when clinical and laboratory abnormalities peak.

The risk and severity of hepatic injury may be indicated by the serum paracetamol 
level obtained 4 hours after ingestion (Figure 15.2), however plasma paracetamol 

Paracetamol
(acetaminophen)

Conjugation with sulphate and
glucuronide metabolites 

NAPQI (toxic
metabolite) 

Glutathione deficiency and
cell necrosis and death  

Figure 15.1 Paracetamol (acetaminophen) metabolism post overdose.
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concentrations cannot be used to assess the risk of hepatotoxicity after a ‘staggered 
overdose’, or in patients who present at more than 24 hours post ingestion. Indi-
viduals at high risk include those who are malnourished, chronic alcohol consum-
ers and patients taking enzyme-induced drugs, such as anti-epileptic therapy, who 
are more susceptible to hepatotoxic damage.

Treatment is primarily aimed at replacing the glutathione reserves of the liver 
cells with N-acetylcysteine (NAC). NAC provides almost a 100% protection if 
given within 8 hours of ingestion. Those patients who present more than 15 hours 
after ingestion have a greater risk of developing hepatotoxicity because of the 
reduced effi cacy of NAC (Greene et al., 2005). Nevertheless, although this is unli-
censed in these situations, the consensus is that NAC should be started even if the 
patient presents several days post ingestion (Schiano and Black, 2004). Poor prog-
nostic signs after a paracetamol overdose include hepatic encephalopathy, raised 
INR/PT, acidosis and renal failure. Chapter 13 outlines the management of ALF.

Non-steroidal anti-infl ammatory drugs

The incidence of NSAID-induced hepatotoxicity is varied and ranges from 3.7–
9.0/100 000 users. Associated risk factors are liver injury, older age, renal disease 
and alcohol excess (Norris, 2006). Most of the drug reactions are idiosyncratic 
but may cause hepatitis, cholestatic, granulomatous and autoimmune changes. 
NSAIDs should be avoided in patients with pre-existing liver disease due to the 
high risk of precipitating renal failure.

Normal
treatment line

High risk
treatment line

0
0

0.2

0.4

0.6

0.8

1.0

1.2

4 8 12 16 20

Time (hours)

Pl
as

m
a 

p
ar

ac
et

am
o

l c
o

n
ce

n
tr

at
io

n
 (

m
m

o
l/L

)

24

Figure 15.2 Guidelines for N-acetylcysteine treatment based on serum paracetamol concentration. 
Reproduced with permission from Ryder and Beckingham (2001).
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Statins (3-hydroxy-3-methyglutaryl coenzyme A (HGM-CoA) 
reductase inhibitors)

Statins are frequently prescribed for the treatment of hyperlipidaemia. Asymptom-
atic elevation of aminotransferases (greater than three times ULN) occurs in 
approximately 1–5% of exposed patients. This is primarily dose related and tends 
to occurs within the fi rst few months of therapy. Therefore periodic monitoring 
of liver enzymes is recommended with discontinuation of the statin therapy in 
patients with persistent elevations in liver function tests (Norris, 2006).

It is commonly believed that use of statins is contraindicated for patients with 
ALF or advanced chronic liver disease. However, Bhardwaj and Chalasani (2007) 
propose that several recent studies and current expert opinion fully endorse the 
use of statins if clinically indicated in patients who have non-alcoholic fatty liver 
disease (NAFLD) and other chronic liver diseases.

Halothane

Halothane-associated liver damage has been recognised since the 1960s, and is 
associated with two types of liver injury that present as either mild, with raised 
serum aminotransferases, or ALF usually within 2 weeks of surgery (Sherlock and 
Dooley, 2002). The risk of liver injury is uncommon after a fi rst exposure and 
ranges from 1/35 000 to 1/10 000 anaesthetics administered. Risk factors linked to 
halothane hepatoxicity include obesity, female sex, advancing age and repeated 
halothane exposure (risk increases to 7/10 000 ) (Norris, 2006). Underlying liver 
disease is not a risk factor.

Manifestations of halothane-induced liver injury may include serum aminotrans-
ferase levels increased by 25–250 times the ULN, with minimal elevation of serum 
ALP, and a high bilirubin level. The presentation of a fever, skin rash and esosino-
philia implies an immune allergic reaction to halothane. Twenty percent of the 
halothane is biotransformed by the P450 cytochrome metabolism to an unstable 
toxic metabolite which may result in cellular injury and hepatic necrosis (Schiano 
and Black, 2004).

Isoniazid

Since the 1950s, isoniazid has been used for the treatment of both active and latent 
infections of Mycobacterium tuberculosis (Fountain et al., 2005), and is one the 
most important causes of drug-induced liver injury. Isoniazid is associated with 
two types of liver injury. The most common type occurs in 10–20% of patients, 
usually in the fi rst few months of treatment. The patients are normally asymptom-
atic with a transient mild elevation of aminotransferases (Norris, 2006), and 
treatments can normally be continued with careful monitoring. Therefore serum 
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aminotransferases should be monitored before treatment is started, and after 4 
weeks of drug therapy. If increased serum aminotransferases are found, patients 
should have their liver function tests monitored weekly, with the cessation of treat-
ment if the levels continue to rise (Sherlock and Dooley, 2002).

Overt isoniazid hepatitis occurs in approximately 1% of patients. Clinically the 
symptoms are those of acute viral hepatitis, which usually occur within the fi rst 3 
months of therapy; however this can be delayed by up to 12 months (Mahl and 
O’Grady, 2006). The drug must be stopped immediately, and the patients closely 
monitored, as the mortality for clinically jaundiced patients is 10% (Norris, 
2006).

Other antitubercular therapies, such as rifampin and pyrazinamide, have addi-
tionally been associated with hepatotoxicity. As monotherapies this is usually 
because of a hypersensitivity reaction; however hepatoxicity is increased when 
these therapies are given in either combination or with isoniazid.

Amanita phalloides mushroom poisoning

Amanita phalloides (death cap) and Amanita verna (destroying angel) are fungi 
associated with severe hepatic injury. Toxicity is due to amatoxins which interfere 
with mRNA synthesis leading to hepatic necrosis. As little as three mushrooms 
can be fatal, and cooking does not destroy the amatoxins (Norris, 2006). Symp-
toms occur 6–24 hours after ingestion and can mimic gastroenteritis with nausea, 
stomach cramps, vomiting and watery diarrhoea. This is followed by a latent phase 
which lasts for 24–48 hours, where clinical symptoms improve but overt liver 
damage occurs. Patients can rapidly progress to ALF from massive hepatocellular 
necrosis (Schiano and Black, 2004).

Herbal and Chinese remedies

Every culture has explored the use of plants for medicinal purposes, therefore it 
is not surprising that 8–50% of people in western Europe and the USA have used 
some form of complementary therapy, with even higher usage reported in develop-
ing countries (Langmead and Rampton, 2001). However, both herbal and Chinese 
remedies are predominately unregulated, and as their use has expanded so has the 
acknowledgement of the toxic properties of many of these products, which may 
include both acute and chronic hepatotoxicity, veno-occlusive disease, cholestasis 
and cirrhosis (Skoulidis et al., 2005). Consequently there is growing support for 
the regulation of the use of herbal and Chinese medicines, to both maximise safety 
and to ensure appropriate usage.

Herbal-induced hepatotoxicity is often diffi cult to diagnose as, fi rstly, all other 
causes of liver diseases need to be ruled out and, secondly, patients frequently self-
medicate, and fail to disclose use of herbal remedies. Therefore it is imperative 
to ascertain the use of herbal or Chinese herbal remedies whilst obtaining the 



266 Liver Diseases

patient’s drug history. Some of the commonly known herbal hepatotoxins are 
identifi ed below.

Chinese herbal remedies

Ma-Huang (Ephedra sinica)
Ma-Huang is derived from the plants of the Ephedra species, one of the oldest 
medical plants known and is commonly marketed in the west as a slimming aid 
and energy level enhancer (Chitturi and Farrell, 2000). Increasing use of herbal 
ephedra has led to a number of reports of serious adverse events which include 
hypertension, palpitations, tachycardia, stroke, seizures, acute hepatitis and ALF 
(Skoulidis et al., 2005).

Jin Bu Huan (Lycopodium serratum)
Jin Bu Huan has been used over centuries for sedative, analgesic and antispasmodic 
properties. However, several cases of acute and chronic hepatitis, fi brosis and 
steatosis have been reported (Chitturi and Farrell, 2000).

Herbal remedies

Germander (Teucrium chamaedrys)
Germander has been used for more than 2000 years for relieving fever, abdominal 
disorders and for its purported weight loss, choleretic and healing properties 
(Larrey and Pageaux, 1995). However, it has also been associated with both acute 
hepatitis and ALF. The presenting symptoms of abdominal pain and jaundice 
usually develop within 3–18 weeks of germander consumption, which is taken in 
forms such as herbal teas or capsules. Histology reveals a non-specifi c hepatocel-
lular necrosis (Norris, 2006). Discontinuation of the treatment can normally see 
resolution of symptoms and recovery within 2–6 months; however there have been 
several reported fatalities. Reappearance of symptoms occurs rapidly upon 
germander re-exposure (Norris, 2006).

St John’s wort (Hypericum perforatum)
St John’s wort is a popular herbal remedy commonly used for the treatment of 
depression and anxiety. St John’s wort is thought to enhance the activity of cyto-
chrome P450 enzymes, therefore affecting the metabolism and effi cacy of concomi-
tant medications which include immunosuppressant therapies (Pak et al., 2004).

A study of renal transplant recipients found patients receiving 2 weeks of St 
John’s wort therapy had a decrease in tacrolimus drug levels by more than 50%, 
which necessitated a 75% increase in immunosuppressive therapy to maintain 
therapeutic concentrations of tacrolimus (Mai et al., 2003). Similar fi ndings 
have been demonstrated in transplant recipients receiving cyclosporine therapy. 
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Therefore the use of St John’s wort should be discouraged post liver transplanta-
tion due to the increased risks of acute graft rejection.

Khat (Catha edulis)
Khat (Catha edulis) is an evergreen shrub, native to East Africa and Southern 
Arabia, in which the fresh leaves contain the pyrrolizidine alkaloids cathine, cathi-
dine and cathinone (Brostoff et al., 2005). As cathinone has a structure similar 
to amphetamine, khat is commonly chewed to attain a state of stimulation 
(Al-Harbori, 2005). Whilst an uncommon cause of hepatotoxicity, khat has been 
associated with numerous health problems such as hypertension, acute coronary 
vasospasm, myocardial infarction, gastrointestinal problems and psychosis.

Herbal remedies for treatment in liver disease

The most researched herbal treatment for liver diseases is milk thistle (Silybum 
marianum (L) Gaertneri), its active constituents are collectively known as silymar-
tin. Milk thistle has been reported in numerous case reports and uncontrolled 
studies for its use in hepatic failure due to Amanita phalloides mushroom poison-
ing, alcoholic liver disease, acute viral hepatitis and cirrhosis with varying results 
(Langmead and Rampton, 2001). The recommendations from a Cochrane review 
of 18 randomised control trials using milk thistle for alcoholic and/or hepatitis B 
or C virus liver diseases, suggests that there is a lack of evidence to support or 
refute any benefi ts, primarily due to the poor methodological quality of the studies. 
Therefore Rambaldi et al. (2005) advocate the need for further adequately con-
ducted trials. In addition it is imperative to remember the liver’s susceptibility to 
serious and sometimes fatal adverse events in patients taking herbal remedies 
(Langmead and Rampton, 2001).

The use of herbal supplements by patients with chronic liver disease remains 
high with up to 39% of patients reporting usage. Whilst there have been several 
studies exploring the benefi ts of herbal remedies, the data have been criticised for 
being either confl icting or weakly studied, consequently the use of herbal prepara-
tions necessitates further clinical trials before recommendations for their use can 
be made (Levy et al., 2004). Furthermore Pak et al. (2004) suggest that herbal 
usage can potentially increase prescription drug non-compliance, as patients may 
replace conventional therapies with herbal remedies to avoid prescription costs 
and drug side effects.

Chapter summary

Drug-induced liver injury is a common problem with over a 1000 implicated drugs, 
with a vast array of symptoms ranging from mild elevation of liver biochemical 
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tests to ALF (Schiano and Black, 2004). The mainstay of management is fi rstly a 
high index of clinical suspicion and secondly the withdrawal of the agent. Whilst 
most patients will recover spontaneously, some patients will continue to deterio-
rate with varying degrees of severity and therefore each presenting problem should 
be supported with the appropriate treatment and, where indicated, transferred to 
a unit with transplantation facilitates. It is paramount always to ascertain a 
detailed drug history from patients that includes prescribed medications, OTC and 
both herbal and Chinese remedy usage. Additionally it is vital that all health care 
professionals have an understanding of the known hepatotoxic agents and to 
closely monitor and recognise the signs of drug-induced hepatotoxicity.

Illustrative case study

A 48-year-old gentleman of Somalian origin presented with a 1-week history of 
jaundice, pale stools and dark urine. The patient had no fever or night sweats, or any 
past medical history of note. He denied a previous history of intravenous drug use, 
blood transfusions, current medication, elevated alcohol consumption and was a 
non-smoker. The patient was heterosexual, and married with three children and had 
been resident in the UK for 10 years, with no foreign travel during this period. The 
patient, however, admitted to chewing khat (Catha edulis leaves) with an increased 
usage over the last 3 years, and was currently chewing two bunches per day.

It was noted on physical examination that the patient was clinically jaundiced, 
with no lymphadenopathy or stigmata of CLD. Laboratory investigations demon-
strated a normal haematological profi le, and a bilirubin of 76 μmol/L, ALP 
161 IU/L, ALT 1152 IU/L, GGT 184 IU/L, albumin 33 g/L, and total protein 
73 g/L. His remaining liver screen was negative for viral hepatitis and autoimmune 
antibodies, with normal ferritin and caeruloplasmin levels. An ultrasound scan 
showed a normal liver, spleen and hepatic and portal veins. Within 30 days of 
cessation of his daily khat consumption, the patient’s liver function tests returned 
to within normal ranges.
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16Pregnancy-related liver disease

Introduction

Pregnancy-related liver disease is usually divided into three defi nitive areas: normal 
hepatic changes that occur during pregnancy, liver diseases specifi c to pregnancy 
and pregnancy in patients with pre-existing hepatic diseases. Whilst liver disease 
is uncommon during pregnancy, jaundice is reported in approximately 1 in 1500–
5000 pregnancies, and is attributed to both viral hepatitis and intrahepatic 
cholestasis (Van Dyke, 2006). This chapter will provide an overview of the most 
common liver diseases specifi c to pregnancy as well as examining pregnancy in 
pre-existing liver conditions and post liver transplantation.

Normal changes during pregnancy

During pregnancy, women experience physiological, hormonal and physical 
changes that are necessary for fetal growth and development (Bacq et al., 1996). 
Plasma volume increases during pregnancy by approximately 40%, which leads 
to increased cardiac output and heart rate, peaking at 32 weeks (Rahman and 
Wendon, 2002). This increase in plasma volume leads to haemodilution which, in 
conjunction with the hormonal and physical changes, can cause alterations in many 
standard biochemical and haematological tests as demonstrated in Table 16.1.

Suzanne Sargent and Michelle Clayton
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The blood fl ow to the liver usually accounts for 38% of cardiac output, however 
whilst the overall cardiac output is increased during pregnancy, the blood fl ow to 
the liver is reduced to 28% of the total cardiac output, with the excess blood 
volume being shunted through the placenta (Sherlock and Dooley, 2002).

In addition, physical fi ndings that are normally associated with chronic liver 
disease can also occur during pregnancy, both spider naevi, of the chest, face and 
neck, and palmar erythema are seen in up to 60% of women during normal preg-
nancy; these usually disappear after delivery (Knox and Olans, 1996).

Liver diseases specifi c to pregnancy

Liver disease is a rare complication of pregnancy and can be caused by a wide 
variety of conditions, some of which are discussed below. Whilst some of these 
complications are considered to be non-severe, some diseases specifi c to pregnancy 
can be fatal and may lead to tragedy for both mother and baby (Shames et al., 
2005).

Hyperemesis gravidarum

Hyperemesis gravidarum (HG) is an idiopathic syndrome of severe nausea and 
vomiting that predominately occurs during the fi rst trimester of pregnancy. The 
condition occurs in 1–20 patients per 1000 pregnancies. In some cases, the nausea 
and vomiting are so severe they can lead to dehydration, electrolyte disturbances 
or nutritional defi ciencies, which may necessitate hospitalisation (Benjaminov and 

Table 16.1 Normal changes in liver function tests during pregnancy. Adapted from Van Dyke (2006). 
Please refer to Chapter 2 for further information on liver function tests.

Laboratory test Changes seen during pregnancy

Gamma-glutamyltranspeptidase 
(GGT)

25% lower during early pregnancy

Alkaline phosphatase (ALP) Increases 2–3-fold during third trimester due to increased maternal 
bone turnover and leakage of placental ALP into maternal 
circulation

Serum albumin Serum levels decrease due to increase in plasma volume
Alanine and aspartate 

aminotransferases (ALT/AST)
Not normally changed during pregnancy but may increase during 

labour due to secondary leakage from contracting uterine 
muscles

Globulins Values increase
Prothrombin time (PT) Unchanged
Bile acids Increase 2-fold due to decrease in hepatic bile transportation
Total and free bilirubin Lower due to haemodilution and low albumin concentration 

(reduced protein transportation)
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Heathcote, 2004; Maroo and Wolf, 2004). Risk factors for HG include young age, 
obesity, no previous pregnancies, tobacco use and twin gestation (Van Dyke, 
2006). Up to 25% of hospitalised patients with HG will have abnormal liver 
enzymes as demonstrated in Table 16.2, which normally resolve with the resolu-
tion of vomiting and dehydration. Total parenteral nutrition may be necessary in 
severe cases but fetal outcomes do not differ from those of the general population 
(Benjaminov and Heathcote, 2004; Van Dyke, 2006). However, mean birth weight 
of the offspring is reduced in those women who are severely affected by HG 
(Sherlock and Dooley, 2002).

Cholestasis of pregnancy

Intrahepatic cholestasis of pregnancy (ICP) has been noted as early as the fi rst tri-
mester of pregnancy but 80% of afffected women present in the third trimester. 
Pruritis is usually one of the fi rst clinical signs, affecting the palms of the hands, 
soles of the feet and in some cases generalised itching all over the body. ICP leads 
to fetal distress, premature delivery and stillbirth if untreated (Kroumpouzos, 
2002). Up to 25% of women affected by ICP suffer with jaundice which resolves 
post partum (Maroo and Wolf, 2004). Worldwide variation in geographical inci-
dence of ICP is marked, with certain hotspots including Chile and Scandinavia. In 
Chile rates vary between 14 and 24%, with the highest rate reported in Araucanian 
Indians (Kroumpouzos, 2002). The overall prevalence in the UK is 0.7%, although 
the incidence of ICP in women of Indian and Pakistani descent in the UK is twice 
that of Caucasian women (Abedin et al., 1999). There is also a suggestion that 
seasonal variations occur, with ICP being higher in the winter months. Many sug-
gestions have been postulated to account for these variations including genetic 
traits, dietary factors and climate (Coombes, 2000; Kroumpouzos, 2002).

Both oestrogen and progesterone play a part in ICP. Oestrogen interferes with 
bile acid secretion across the hepatocyte membrane (this is why pruritus can also 
occur in some women taking oral contraceptives). Progesterone is implicated due 
to its metabolites which inhibit hepatic glucuronyltransferase; this in turn reduces 
the ability to clear oestrogen from the hepatocytes, thus intensifying the effects 
(Kroumpouzos, 2002). Recently there has been interest in hepatocanalicular 
lipid transporter dysfunction that is caused by genetic variations (Van Dyke, 
2006; Wasmuth et al., 2007). Elevation of bile acids is considered to be the most 
appropriate laboratory parameter for the diagnosis of ICP. Levels greater than 
40 μmmol/L are associated with a higher risk of fetal complications which include 
increased preterm delivery, intrapartum fetal distress and intrauterine fetal death 
(Glanz et al., 2004).

The main focus of treatment is to ameliorate the pruritus and to reduce bile 
acids. To date there have been a number of drugs used, including guar gum, acti-
vated charcoal, S-adenosylmethionine (SAMe) and ursodeoxycholic acid (UCDA). 
A Cochrane review (Burrows et al., 2001) concluded that there was insuffi cient 
evidence to recommend any of the above alone or in combination for the treatment 
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Table 16.2 Results of laboratory tests in pregnancy associated liver disease. Reprinted from Maroo S, Wolf J (2004) The liver in pregnancy. In: Friedman LS, 
Keeffe E (eds) Handbook of Liver Disease, 2nd edn. p. 273; with permission from Elsevier. (PT = prothrombin time; PTT = partial thromboplastin time)

Condition Aminotransferases Bile acids Bilirubin
Alkaline 
phosphatase Uric acid Platelets PT/PTT

Urine 
protein

Hyperemesis gravidarum 1–2× Normal <85.5 μmol/L (<5 mg/dL) 1–2× Normal Normal Normal Normal
Intrahepatic cholestasis of 

pregnancy
1–4× 30–100× <85.5 μmol/L (<5 mg/dL) 1–2× Normal Normal Normal Normal

Acute fatty liver of pregnancy 1–5× Normal <171 μmol/L (<10 mg/dL) 1–2× ↑ ±↓ ±↑ ±↑
Pre-eclampsia/eclampsia 1–100× Normal <85.5 μmol/L (<5 mg/dL) 1–2× ↑ ±↓ ±↑ ↑
HELLP 1–100× Normal <85.5 μmol/L (<5 mg/dL) 1–2× ↑ ↓ ±↑ ±↑
Hepatic rupture 2–100× Normal ±↑ ↑ Normal ±↓ ±↑ Normal
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of cholestasis in pregnancy, and that further trials are required. However in reality 
most women do receive UCDA as it is considered to be the best currently available 
therapy to relieve pruritis and to reduce bile acids (Saleh and Abdo, 2007). UDCA 
is a naturally occurring bile acid which protects the bile ducts from injury from 
hydrophobic bile acids. The excretion of hydrophobic bile acids and other hepato-
toxic substances from hepatocytes is improved when using UDCA (Kumar and 
Tandon, 2001). It additionally restores the ability of the placenta to transfer bile 
acids, thus reducing the delivery of bile acids to the fetus, which is associated with 
an improvement in fetal prognosis (Serrano et al., 1998; Sentilhes et al., 2006).

It is important to ensure that women who develop jaundice due to ICP have 
regular assessment of their clotting profi les. This is important to ensure that 
vitamin K-dependent coagulopathy in the mother does not occur due to interfer-
ence in bile fl ow leading to malabsorption of vitamin K. Vitamin K should be 
administered to these women near the time of delivery to reduce postpartum 
haemorrhage. Due to deranged clotting this is usually administered via the intra-
venous route (Van Dyke, 2006).

In relation to the fetus, increased antenatal surveillance and maternal bile acid 
measurements are necessary to reduce the incidence of stillbirth and other recog-
nised fetal complications (Sentilhes et al., 2006; Van Dyke, 2006). Early delivery 
of the fetus at 36–37 weeks is recommended to prevent these (Van Dyke, 2006). 
ICP can recur in subsequent pregnancies so mothers need to be informed of this 
risk and also that they have a greater risk of developing pruritus if prescribed oral 
contraceptives (Van Dyke, 2006).

Pre-eclampsia/eclampsia

Both pre-eclampsia and eclampsia are rare but potentially fatal complications of 
pregnancy and are implicated in some liver diseases associated with pregnancy. 
Pre-eclampsia occurs in 5–7% of pregnancies, normally during the second and 
third trimester, and is characterised by a triad of hypertension, proteinuria and 
peripheral oedema, with an associated maternal mortality of up to 14% (Longo 
et al., 2003; Benjaminov and Heathcote, 2004). Hypertension in pre-eclampsia is 
defi ned as an elevation of 30 mmHg (systolic) or 15 mmHg (diastolic) above the 
value in the fi rst trimester or any value above 140/90 mmHg recorded on at least 
two occasions, at least 4 hours apart (Knox and Olans, 1996; Heneghan, 2000; 
Longo et al., 2003). Severe pre-eclampsia consists of a systolic blood pressure 
>160 mmHg or diastolic pressure >110 mmHg, with signifi cant proteinuria 
(at least 1 g/L) with or without evidence of other organ failure (Longo et al., 
2003). Eclampsia is marked by seizures and coma in addition to pre-eclampsia 
(Benjaminov and Heathcote, 2004).

The aetiology of pre-eclampsia is unknown, but proposed mechanisms involve 
inappropriate vasoconstriction, vasospasm, abnormal placenta development, 
abnormal epithelial reactivity, activation of coagulopathy and decreased synthesis 
of nitric oxide (Maroo and Wolf, 2004). Risk factors for pre-eclampsia include 
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pre-existing hypertension, extremes of child bearing age, fi rst pregnancy and mul-
tiple gestations (Benjaminov and Heathcote, 2004).

Signs and symptoms of pre-eclampsia primarily depend on the severity, and 
range from epigastric pain, right upper quadrant pain, headaches, blurred vision, 
oedema, nausea and vomiting and proteinuria. In severe cases oliguria, respiratory 
distress, congestive cardiac failure and cerebral oedema may occur (Heneghan, 
2000; Maroo and Wolf, 2004). Liver function tests are abnormal in 20–30% of 
cases as demonstrated in Table 16.2 and probably refl ect hepatic dysfunction 
resulting from vasoconstriction of the hepatic vascular bed. The abnormalities 
normally resolve after delivery (Rahman and Wendon, 2002).

Maternal mortality largely results from abruptio placentae, hepatic rupture and 
eclampsia (Longo et al., 2003). Maternal morbidity associated with pre-eclampsia 
is the consequence of the multi-organ involvement of the disease and end-organ 
damage. The most signifi cant consequence relates to cerebral involvement. Risk 
factors to the fetus are related to prematurity, low birth weight, fetal growth 
retardation and placental abruption (Maroo and Wolf, 2004).

Treatment for pre-eclampsia is dependent on both the severity and gestational 
age at diagnosis. Delivery of the infant is the preferred treatment for eclampsia 
and near-term pre-eclampsia. Other management strategies are controversial and 
include antihypertensive therapy, antiplatelet drugs, anticonvulsant therapy, mag-
nesium sulphate and bed rest (Rahman and Wendon, 2002; Maroo and Wolf, 
2004). In severe pre-eclampsia, intensive monitoring and correction of coagulo-
pathy or thrombocytopenia should continue for up to 72 hours after delivery due 
to the susceptibility to seizures, haemorrhage and other complications (Rahman 
and Wendon, 2002).

Acute fatty liver in pregnancy

Acute fatty liver of pregnancy (AFLP) is a rare but signifi cant complication of 
pregnancy, which may lead to acute liver failure and maternal and fetal death. Its 
incidence is 1 in 900–6000 pregnancies (Van Dyke, 2006) and is more common 
in fi rst pregnancies, multiple births and those women carrying a male fetus (Maroo 
and Wolf, 2004).

It was fi rst described in 1934 and termed acute yellow atrophy of the liver in 
pregnancy; this has been revised to AFLP due to the accumulation of microvesicu-
lar fat within the hepatocytes (Figure 16.1, Plate 16) (Knox and Olans, 1996). 
This fatty infi ltrate leads to the liver being unable to maintain normal function 
and the development of hypoglycaemia, coagulopathy and hepatic encephalopathy 
with modest rises in ALT. Elevations of uric acid and renal insuffi ciency are 
common (Van Dyke, 2006). AFLP usually manifests itself at 30–38 weeks’ gesta-
tion, initially with non-specifi c symptoms including malaise, fatigue, headache, 
nausea with or without vomiting and pain in the right upper quadrant or epigastric 
area (Jamerson, 2005). Jaundice and dark-coloured urine often present several 
days after the non-specifi c symptoms (Treem, 2002). About 50% of women with 
AFLP also have pre-eclampsia.
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Delivery of the fetus is required to resolve AFLP; therapeutic support of the 
mother may include intensive care management of the liver failure. Postpartum 
haemorrhage is common for those women who have developed coagulopathy. 
Maternal and fetal mortality range from 5–20% (Van Dyke, 2006).

Research into AFLP suggests that both the mother and fetus may have abnor-
malities in beta-oxidation of fatty acids. The more common abnormality is related 
to long chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD). Therefore it is recom-
mended that women who develop AFLP and their offspring are genetically tested 
for fatty acid oxidation defi ciencies (Van Dyke, 2006). Women also need to be 
informed that AFLP can recur in subsequent pregnancies, as there is a 20% risk 
of recurrence in the general maternal population; however those mothers identifi ed 
with a fatty acid oxidation defi cit may be at a higher risk (Browning et al., 
2006).

Haemolysis, elevated liver enzymes and low platelets syndrome

Haemolysis, elevated liver enzymes and low platelets (HELLP) syndrome is well 
described as a complication of severe pre-eclampsia related liver dysfunction. 
HELLP is characterised by microangiopathic haemolytic anaemia, thrombocyto-
penia and elevated liver function tests. It occurs in white multiparous women 
usually over the age of 25 years. It is common in the last trimester of pregnancy 

Figure 16.1 Liver biopsy demonstrating changes in acute fatty liver of pregnancy. Reproduced with 
permission from Sherlock S, Dooley J (2002) Diseases of the Liver and Biliary System, 11th edn, Blackwell 
Publishing. For a colour version of this fi gure, please see Plate 16 in the colour plate section.
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and up to 2 days post partum (Maroo and Wolf, 2004). Initial symptoms are vague 
and non-specifi c, including nausea, vomiting and right upper quadrant pain and 
tenderness. A high index of suspicion is important, including for those women 
who have already delivered.

Pre-eclampsia is a prerequisite for HELLP syndrome to develop. The diagnosis 
of HELLP is based on blood tests in women suspected of having pre-eclampsia. 
The prevention of end-organ damage is paramount as fi brin deposits have been 
found in the periportal sinusoids leading to ischaemic hepatocyte necrosis on liver 
biopsies of patients with HELLP syndrome (Van Dyke, 2006). As with AFLP 
expedient delivery is required, this may be supported with corticosteroids to 
improve lung maturity in the fetus. Corticosteroids have also been used to nor-
malise some maternal biochemical changes and reduce hypertension (Matchaba 
and Moodley, 2004), however further research is required to validate these 
results.

Infant mortality is estimated at 10–60% (Maroo and Wolf, 2004), mainly due 
to intrauterine growth retardation and poor placental perfusion. Liver function in 
the mother again needs to be supported until resolution. Hepatic rupture in the 
mother is a rare but life-threatening event which can occur, therefore abdominal 
pain, hypotension and shock should be rapidly investigated. The recurrence of 
HELLP syndrome in women is estimated at 3–5% (Van Dyke, 2006). It is recom-
mended that women who have had HELLP syndrome should be screened for 
procoagulant disorders.

A qualitative research study focusing on the experiences of women with HELLP 
syndrome reported that eight out of the nine women decided not to have another 
pregnancy due to their intense memories of HELLP syndrome and the strong fear 
of death they associated with pregnancy (Kidner and Flanders-Stepans, 2004).

There is evidence to suggest that HELLP syndrome and AFLP may clinically 
overlap in some pregnant women. Some of the features of HELLP, including pro-
teinurea, oedema, thrombocytopenia, azotaemia and elevated creatinine, are also 
present in 50–100% of women with AFLP (Treem, 2002).

Hepatic rupture

Hepatic rupture is a devastating complication of pregnancy that occurs in 1/45 000 
to 1/250 000 deliveries. Whilst 80% of cases are associated with pre-eclampsia 
or eclampsia, hepatic rupture is additionally associated with AFLP, HELLP 
syndrome, HCC, adenoma, haemangioma and hepatic abscess (Maroo and 
Wolf, 2004), trauma and cocaine abuse. The pathophysiology is not clear, but 
intraparenchymal haemorrhaging usually precedes the rupture (Benjaminov and 
Heathcote, 2004).

Patients typically present in the third trimester of pregnancy, or within 24 hours 
of delivery, with a sudden onset of severe right upper quadrant abdominal pain, 
nausea, vomiting, which progresses to abdominal distension, falling haematocrit 
and hypovolaemic shock (Heneghan, 2000; Maroo and Woolf, 2004). A diagnostic 



Pregnancy-related liver disease 279

paracentesis demonstrates blood in the peritoneal cavity; however diagnosis is 
usually made with a CT scan, ultrasonography, MRI or angiography (Benjaminov 
and Heathcote, 2004).

Treatment consists of emergency caesarean section with volume resuscitation, 
surgical drainage and packing of the liver or, in some cases, hepatic embolisation 
or liver transplantation (Van Dyke, 2006). Maternal mortality rates have been 
reported as 50–75%, which is primarily caused by haemorrhaging. Fetal mortality 
is reported as 60–70%, and correlates with prematurity (Maroo and Wolf, 
2004).

Pregnancy in pre-existing liver disease

Amenorrhoea and infertility are common in patients with end-stage liver disease, 
affecting up to 50% of patients (Heneghan, 2000). Amenorrhoea is thought to be 
related to hypothalamic pituitary dysfunction and not related directly to the liver 
disease. Nonetheless pregnancies do occur and for those who do conceive this is 
often a refl ection of the degree of underlying hepatic function (Mahl and O’Grady, 
2006).

Pregnancy in cirrhosis

Cirrhosis is not a contraindication to pregnancy and, despite some assumptions, 
it does not necessarily have an effect on patients with compensated cirrhosis and 
mild portal hypertension, despite the expansion of blood volume and increased 
intra-abdominal pressure. Therefore pregnancy should be planned for a period of 
time when the liver disease is well compensated (Benjaminov and Heathcote, 
2004; Mahl and O’Grady, 2006). Known maternal complications that arise in 
nearly half of cirrhosis-affected pregnancies with signifi cant portal hypertension 
include:

� Variceal haemorrhage
� Hepatic failure
� Hepatic encephalopathy
� Splenic artery aneurysm
� Malnutrition (Benjaminov and Heathcote, 2004)

Variceal bleeding primarily occurs in up to 24% of pregnancies in patients with 
known cirrhosis and portal hypertension and carries a maternal mortality of 20–
50% (Benjaminov and Heathcote, 2004). Consequently patients should be aware 
of the risks and screened accordingly.

Treatment of variceal bleeding in pregnancy is similar to that in non-pregnant 
patients and primarily consist of endoscopic and pharmacological therapies 
as described in Chapter 4. However the use of vasopressin for the treatment of 
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variceal bleeding should be avoided, due to the risk of inducing labour (Van Dyke, 
2006). There are also some reports of TIPS being used successfully in the second 
and third trimester.

Wilson’s disease

Prior to the introduction of the copper-reducing chelating agents such as penicil-
lamine, successful pregnancies in Wilson’s disease (WD) were rare due to reduced 
fertility, menstrual irregularities and the consequences of severe hepatic dysfunc-
tion. However, there have now been over 100 reported successful pregnancies, 
although pregnancy remains rare in patients who have cirrhosis (Heneghan, 2000; 
Ferenci, 2006).

Treatment must be continued throughout pregnancy due to the risk of acute 
liver failure if it is stopped. Patients should be advised to continue taking penicil-
lamine, as this is not known to be harmful to the mother or baby (Van Dyke, 
2006). In addition, improvements in the manifestations of liver disease have been 
reported and are a refl ection of both the fetal demand for copper and a four-fold 
increase in the maternal circulation of caeruloplasmin (Heneghan, 2000).

Autoimmune hepatitis

Fertility in female patients with autoimmune hepatitis can be affected due to liver 
cirrhosis and hypothalamic pituitary dysfunction (Benjaminov and Heathcote, 
2004). Nevertheless, pregnancies can occur in patients with well controlled auto-
immune hepatitis, as menstruation returns. However the risk of unsuccessful 
pregnancy is high, with reported incidences in the range of 23–50% (Maroo and 
Woolf, 2004).

One of the primary concerns with pregnancy in autoimmune hepatitis patients 
relates to the pharmacological therapies commonly used for treatment. Whilst 
corticosteroids are generally considered safe, there are concerns regarding the 
potential teratogenic effect of azathioprine; however several studies in patients 
with autoimmune hepatitis, infl ammatory bowel disease, and renal and liver trans-
plant recipients have shown this to be generally safe with no adverse outcomes 
noted in either mother or baby (Heneghan et al., 2001). Approximately 1.2% 
of azathioprine is excreted in breast milk, and therefore it is only classifi ed as 
‘probably safe’ for use during breast feeding (Benjaminov and Heathcote, 2004). 
Cessation of pharmacological therapy is associated with disease relapse (Maroo 
and Woolf, 2004).

Patients need careful monitoring during pregnancy and for several months post 
partum as up to 43% of women with autoimmune hepatitis experience a fl are-up 
of their disease within 6 months of delivery (Heneghan et al., 2001; Van Dyke, 
2006).
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Hepatitis B and C

The global incidence of hepatitis B and hepatitis C, modes of transmission and 
treatments are discussed in detail in Chapter 9. This section will therefore primarily 
discuss the risks and incidences of vertical transmission during pregnancy.

Pregnant women who are in close contact with carriers of hepatitis B virus 
(HBV) must be vaccinated, as both the vaccine and immunoglobulin are considered 
safe to be administered (Sherlock and Dooley, 2002).

The presence of hepatitis B surface antigen (HBsAg) in pregnancy is believed 
not to pose additional risks for the pregnancy or its outcome (Benjaminov and 
Heathcote, 2004). However, some retrospective data have demonstrated that 
women who are HBsAg-positive, have an increased risk of antepartum haemor-
rhage, diabetes mellitus and threatened preterm labour (Tse et al., 2005).

The incidence of transplacental transmission of HBV has not been reported. 
However, vertical transmission at the time of delivery is common (Van Dyke, 
2006). If the mother is HBsAg-positive, the risk of infection is estimated at 25%, 
however if the mother is both HBsAg- and HBeAg-positive, the chronic infection 
rate is increased to 90% (Maroo and Woolf, 2004; Van Dyke, 2006).

Babies born to HBV-positive mothers, regardless of antigen status, should be 
vaccinated at birth and additionally given hepatitis B immunoglobulin. Further 
vaccination should then be given at 1 and 6 months of age. This combination 
therapy is 85–95% effective in preventing transmission (Maroo and Wolf, 2004; 
Van Dyke, 2006). With proper immunoprophylaxis, breast feeding of infants by 
chronic HBV carrier women poses no additional risk of viral transmission (Hill 
et al., 2002). For mothers with a high viraemia (HBV DNA of 1.2 × 109), it has 
been suggested that additional treatment with the antiviral therapy, lamidivine, 
during the third trimester of pregnancy may provide better protection against verti-
cal transmission, when compared with active and passive vaccination of the neonate 
alone (Van Dyke, 2006).

Hepatitis C virus (HCV) does not adversely affect the pregnancy nor does preg-
nancy affect the course of the infection. However, pregnancy is contraindicated 
during HCV treatment or for at least 6 months after discontinuation due to the 
teratogenic effects of ribavirin. Vertical transmission of hepatitis C is uncommon, 
with an approximate incidence in 1–8% of births. However, high viral loads and 
co-infection with human immunodefi ciency virus (HIV), spontaneous membrane 
rupture >6 hours before delivery, and fetal scalp monitoring are linked to a higher 
risk of transmission. There is no current treatment available to prevent viral trans-
mission, and in addition the type of delivery (vaginal vs. caesarean section) appears 
to have no effect on transmission rates (Maroo and Wolf, 2004; Benjaminov and 
Heathcote, 2004). Breastfeeding has not been linked with transmission of the virus; 
however, mothers need to be aware of the increased risk if cracked or bleeding 
nipples occur, and should be encouraged to use alternative methods of feeding 
during this time.
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Antibodies to HCV pass through the placenta, and the values may remain posi-
tive for 6 months in the infant. It is therefore recommended that babies born to 
HCV-positive mothers should be PCR tested at 3, 6 and 18 months of age. Those 
infants who remain positive after 6 months or 18 months are deemed to be chroni-
cally infected (Sherlock and Dooley, 2002; Maroo and Wolf, 2004).

Pregnancy post liver transplantation

Approximately 11% of patients who have had liver transplants are of reproductive 
age, and whilst amenorrhoea and infertility are common in women with liver cir-
rhosis (Nagy et al., 2003), liver transplantation allows for the return of normal 
menstrual patterns in up to 90% of patients of child-bearing age within a few months 
of transplantation (Heneghan, 2000). Pregnancies after liver transplantation are 
considered high risk due to the high incidence of hypertension, pre-eclampsia and 
premature delivery, and therefore should be followed carefully both by transplant 
clinicians/hepatologists and obstetricians (Jain et al., 2003; Van Dyke, 2006).

It is generally advised that conception should be postponed for at least 6–12 
months post liver transplantation as this ensures that both the transplanted organ 
is functioning properly, and immunosuppressive therapy is stabilised. In addi-
tion the incidence of graft rejection after 12 months is signifi cantly reduced 
(Benjaminov and Heathcote, 2004; Armenti, 2006).

Immunosuppressive therapy should be continued, but monitored carefully 
(Sherlock and Dooley, 2002). Although most immunosuppressive therapies are 
potentially teratogenic, few fetal abnormalities have been described (Van Dyke, 
2006). Recognised side effects of immunosuppressive therapies are discussed 
further in Chapter 18.

Tacrolimus crosses the placenta and therefore is found in fetal blood and also 
in breast milk; it is reported to cause transient renal impairment and hyperkalaemia 
in the newborn. Therefore it is recommended that mothers do not breastfeed their 
babies (Heneghan, 2000; Jain et al., 2003). Data currently remain limited for 
newer therapies such as mycophenolate mofetil (MMF) (Bejaminov and Heathcote, 
2004).

Several centres had reported successful outcomes in pregnancies in liver trans-
plant recipients with favourable outcomes of no maternal deaths related to preg-
nancy or graft loss (Christopher et al., 2006). Delivery by caesarean section is 
signifi cantly higher than in the normal population (40–46% in transplant patients 
vs 26%) (Nagy et al., 2003; Armenti, 2006); in addition only 70–78% of babies 
achieve the normal birth weight, which has been linked to developmental delay 
and cognitive impairment. Furthermore 35% of all births in post liver transplant 
patients were premature (Jain et al., 2003; Armenti, 2006). Other reported com-
plications relating to pregnancy in liver transplant recipients are chronic hyperten-
sion, anaemia, elevated serum creatinine levels, diabetes and biopsy-proven graft 
rejection (Nagy et al., 2003).
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Whilst successful pregnancy post liver transplantation is achievable, it is im-
perative that the pregnancies are recognised as high risk and close monitoring is 
undertaken. Some studies have demonstrated that pregnancies planned at least 2 
years after liver transplantation, with stable graft function, can result in excellent 
maternal and neonatal outcomes when there is a good coordination of specialist 
care (Nagy et al., 2003).

Chapter summary

The development of liver disease during pregnancy is rare; however it is not 
without signifi cant risks for both mother and baby. Vigilant antenatal surveillance 
and proactive management can reduce the risks identifi ed, however there may be 
increased incidence in subsequent pregnancies, which needs to be conveyed to 
those affected.

Many women with chronic liver disease fi nd diffi culty in achieving a pregnancy 
due to reduced fertility. Those that do, need careful monitoring of their liver 
disease and also consideration of potential harm to the fetus due to prescribed 
medication; this is also a consideration for those patients who have had a liver 
transplant. Joint care between hepatologist and obstetrician is paramount for 
benefi cial outcomes for mother and baby whatever the underlying cause of the 
liver disease.

Illustrative case study

A 35-year-old woman presented at 33 weeks of gestation with a 4-day history of 
abdominal pain, nausea, vomiting, oedema, visual disturbances and headaches. 
She had no signifi cant medical history and the pregnancy had been relatively 
uncomplicated. On examination she was hypertensive with a blood pressure of 
195/110 mmHg, her other vital signs were within normal range. She had mild 
ankle oedema and slight abdominal tenderness in the right upper quadrant, there 
was no evidence of hepatic encephalopathy, or history of itching and she was alert 
and orientated.

Her initial laboratory investigations demonstrated a WBC of 14,100 × 109/L, 
platelet count 37 × 109/L, haemoglobin 8 g/L, bilirubin 60 μmol/L, albumin 
28 g/L, AST 400 IU/L, ALP 700 IU/L, and elevated INR (1.8) and serum lactate 
acid dehydrogenase. Her renal function demonstrated an elevated creatinine of 
125 μmol/L, with a urine output greater than 0.5 mL/kg. Urinalysis at the time 
demonstrated a moderate proteinuria and blood. There was no evidence of infec-
tion. She was commenced on intravenous labetalol and magnesium sulphate 
infusions for management of her hypertension and seizure prophylaxis.

Further laboratory investigations demonstrated that her INR had increased to 
2.0 and her platelet count had decreased to 25 × 109/L, with a positive haemolysis 
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screen. A full hepatitis and virology screen were negative. An ultrasound scan 
showed increased brightness within the liver and patent vessels.

After being given a diagnosis of HELLP syndrome and correction of her clotting 
abnormalities with fresh frozen plasma and platelets, the patient underwent an 
emergency caesarean section. After successful delivery of a healthy 2300 g boy, 
the patient was transferred to a tertiary liver intensive care unit for further man-
agement. Initially the patient’s AST increased to 800 IU/L returning to normal 
parameters within 48 hours. The platelet count was maintained >50 × 109/L with 
support, until resolution of her thrombocytopenia. The patient was later trans-
ferred to the ward and discharged from hospital.
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Introduction

The aim of this chapter is to provide an overview of the three most common liver-
related cancers occurring in the adult population of the UK: primary liver cancer 
(hepatocellular carcinoma, HCC), bile duct cancer (cholangiocarcinoma) and sec-
ondary liver cancer (metastatic disease). Additionally it will provide a brief exami-
nation of current management therapies and the psychosocial issues that can 
impact upon the delivery of holistic nursing care.

Hepatobiliary malignancies are amongst the most common and fatal cancers 
worldwide. Although previously thought to be rare in the UK, a review of the 
incidence rates over the last 20–30 years shows an alarming upward trend, with 
predictions of further rises.

Despite improving cancer survival statistics, it is still widely presumed that a 
diagnosis of cancer means death. It is a sad reality that for a number of reasons, 
people do die of cancer, or related illnesses; however improvements in diagnostics 
and treatments are lengthening survival periods. Curative therapies are now being 
offered and, more importantly, achieving their aim.

Providing care for someone diagnosed with cancer can be complex, not only 
due to the physical manifestation of the disease but also because of the emotional 
and social consequences. Uncertainty and fear can surround a cancer diagnosis, 
not only for the patient but also their families and, to some degree, the health care 
professionals involved in providing their care.

Nikie Jervis
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Defi nition

Cancer has a number of defi nitions. It is a group of diseases rather than one specifi c 
illness, however two main characteristics are common to all:

� Uncontrolled growth of cells arising from ‘normal’ tissue
� The ability of these abnormal cells to invade and/or spread to other sites 

(Souhami and Tobias, 1998)

There has been an enormous amount of work carried out globally to determine 
the cause(s) of cancer and it is generally accepted that there are external and inter-
nal factors involved, usually in combination.

Normal cells grow in an organised and predetermined way, they have a defi ned 
purpose, size and lifespan. Cancer cells do not: they divide as normal cells (mitosis) 
but, due to an alteration or mutation of their DNA, they ignore limitations, con-
tinuing to grow beyond their ‘normal’ boundaries. Left untreated, cancer cells 
breach normal restrictions, such as adjacent cells and structures, invading them 
and continuing to grow, surviving longer than their non-cancerous counterparts. 
Some cancers attract their own blood supply, gaining an ongoing supply of oxygen 
and nutrients for further growth. At a certain point of growth or cell volume 
their ability to spread to other sites of the body may become evident. Some of 
the cancer cells split from the site of origin and travel via the blood stream or 
lymphatic system to other parts of the body, where they settle and grow: these are 
metastases.

External factors that may lead to the development of cancer are called carcino-
gens, e.g. tobacco. These can ‘trigger’ cancer development by interfering with cel-
lular DNA, which in turn can lead to alterations in the cell’s normal growth pattern 
and behaviour. Viruses may also have this effect.

Internal factors are thought to be linked to the body’s ability to tolerate exposure 
to certain carcinogens, its ability to repair any damage caused to cellular DNA 
and/or ‘genetic susceptibility’. The latter is thought to be a genetic predisposition 
to cancer development that is activated by exposure to a particular trigger and 
may, in part, explain familial clusters where no direct hereditary link can be 
found.

Caring for someone with cancer can be complex, but by understanding both 
the objective (epidemiology, aetiology, diagnosis and treatments) and subjective 
(individual and social context) knowledge available regarding hepatobiliary malig-
nancies, effective and appropriate care can be implemented.

Primary liver cancer

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide, 
both in incidence (fi fth) and mortality (third), with 80–90% of HCCs forming on 
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the background of liver cirrhosis (Llovet and Beaugard, 2003). Traditionally 
seen as a cancer of the east or sub-Saharan regions, where viral hepatitis is 
endemic, HCC is increasing in incidence in the west, and is ‘now one of the leading 
causes of death among patients with cirrhosis in Europe’ (Fattovich et al., 2004) 
(Figure 17.1).

A recent study, commissioned by the British Society of Gastroenterology (BSG, 
2006), found an alarming 350% increase in the overall incidence of cirrhosis 
in the UK, over the last 20 years, with a 900% rise in the under 45s. The 
study also reports a twofold increase in the incidence of HCC over the last decade. 
Ryder (2003) proposes that 1500 deaths occur per year due to HCC, with a pre-
dicted rise of 40–70% over the next 10 years. Contributory factors to both 
increases in cirrhosis and subsequent cancer development include viral hepatitis 
(B and C), alcohol consumption, non-alcoholic fatty liver disease (NAFLD) and 
haemochromatosis.

Viral hepatitis

The link with viral hepatitis has been well established over the years, particularly 
the correlation between hepatitis B virus (HBV) infection and HCC development 

10–15

Annual incidence (cases per 100 000)

3–10 Undefined1–3

Figure 17.1 Worldwide distribution of hepatocellular carcinoma. Reproduced with permission from 
Beckingham IJ, Krige JE (2001) ABC of diseases of liver, pancreas, and biliary system. Liver Tumours. 
British Medical Journal 322:477–480.
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(Beasley, 1988). Hepatitis B is a DNA virus, with a mutation rate ten times higher 
than that of other DNA viruses. The virus binds itself to the liver cell’s DNA, dis-
rupting normal cell activity and growth, precipitating destruction and mutation. 
Early effective treatment of HBV can help to reduce the incidence of HCC devel-
opment, by reducing viral load. This is discussed further in Chapter 9.

Carcinogenesis is linked, in this instance, with viral replication rather than cir-
rhosis per se. In endemic areas of the world 90% of HCC patients are HBV-
infected and it worth noting here that not all of these patients have progressed to 
cirrhosis.

In patients with hepatitis C virus (HCV) no direct causal link has been estab-
lished. However, there is an identifi ed correlation, with several studies reporting 
evidence of HCV in up to 75% of patients with HCC (Bruix et al., 1989; Di 
Bisceglie et al., 1991; Nishioka et al., 1991). It has been suggested that the trigger 
is related to viral interference with the cell’s central protein, thereby interrupting 
natural processes. HCV is thought to have a slow progression to cirrhosis (esti-
mated 20–30 years post exposure), and tumour development is rare amongst the 
non-cirrhotic cohort of this group.

Alcohol

Refl ected in health care statistics and much publicised in the media is the UK’s 
growing incidence of excessive alcohol consumption, especially within the younger 
population (under 45s), which can lead to cirrhosis, and the development of liver 
cancer.

For patients with pre-existing liver disease, even drinking within the recom-
mended guidelines can increase the risk of cirrhosis and HCC. Seemingly para-
doxical, those who become abstinent following excess alcohol consumption, may 
be at greater risk of HCC development. This may be due to the cellular regenera-
tion process of attempted repair, with cellular disruption occurring, or simply 
because continued imbibing results in a shorter lifespan, therefore the individual 
may die of the complications of alcoholic hepatitis/cirrhosis before HCC 
develops.

Metabolic liver diseases

There is a growing incidence reported in western countries of non-alcoholic 
steatohepatitis (NASH). NASH may be linked with diet, obesity (>60%), type 2 
diabetes (~50%) and/or hypercholesterolaemia, it can lead to cirrhosis, and 
incidences of HCC have been reported.

Haemochromatosis also carries a higher risk of HCC development than other 
liver diseases. The risk is higher (7–9%) in untreated patients, where iron overload 
disrupts normal hepatocyte function. However the risk can be reduced (to 1–3%), 
though not negated, by venesection (Ryder, 2003).
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Bile duct cancer

Bile duct cancer or cholangiocarcinoma (CCA) is the second most common primary 
cancer to occur within the liver. The incidence of CCA is rising signifi cantly and 
is not purely attributable to the clarity of defi nition and coding, nor better diag-
nostics. The increased incidence is reportedly equal to mortality, with most recent 
fi gures reporting a tenfold increase over the last decade (1998 mortality rate = 
1000 in England and Wales alone) (Khan et al., 2002; Gores, 2003; BSG, 2006).

Unlike HCC, CCA has no clearly identifi able causal link, though presence of a 
pre-existing biliary pathology may be associated with an increased risk.

� Primary sclerosing cholangitis (PSC) is evident in 30% of all newly diagnosed 
CCAs, and the most commonly associated risk factor occurring in the UK

� Cystic abnormalities also carry an increased lifetime risk of CCA, such as 
choledochal cysts which have a malignant transformation incidence of 5%, 
and Caroli’s disease (life-time risk of ~7%, half that of PSC)

� Bile duct adenomas, papillomas and intraductal stone disease may also pre-
dispose to cholangiocarcinoma development

� Other factors include thorotrast exposure (a radiological agent not used in 
over 50 years, but with an indeterminate long-term adverse consequence) and 
smoking (increases risk in people with PSC). Chronic typhoid and liver fl ukes 
have also been identifi ed as associated risks in certain parts of Asia, where 
CCA is relatively common

The prognosis for CCA is usually poor, invariably due to late presentation, with 
an expected survival range of 3–18 months. The prognosis can usually be inferred 
from symptoms and stage of disease at presentation (approximately 10–20% 
already have peritoneal involvement at time of diagnosis).

Secondary liver cancer

The liver is one of the commonest sites of the body for metastatic disease to be 
found. Primary sites may include breast and upper gastrointestinal tract, amongst 
others.

Colorectal cancer affects upwards of 30 000 people each year in the UK, and 
the incidence is rising. However, the mortality rate is reducing, in part due to 
primary disease management but also due to the improvements in secondary 
disease treatment, such as advances in surgical techniques and chemotherapy treat-
ments (Bentrem et al., 2005; Ruan and Warren, 2005).

Up to 50% of those diagnosed with colorectal cancer will develop secondary 
disease, either simultaneously (synchronous disease) or subsequently (metachro-
nous disease). Liver resection, as a potentially curative treatment, is now of widely 
acknowledged and proven benefi t (Heriot and Karanjia, 2002).
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Diagnosing hepatobiliary malignancy

Symptoms

Hepatobiliary cancers can be ‘silent’ diseases: there may be either no symptoms 
evident or, where present, they are mild or vague, possibly attributed to other 
health factors, such as underlying liver disease, other illnesses and/or treatments 
(e.g. HBV patient undergoing antiviral therapy). Mild and/or non-specifi c symp-
toms can include malaise, increasing lethargy, slight nausea or reduced appetite. 
Weight loss may be insidious.

Symptom occurrence is rare in early stage disease and detection at this point 
may occur incidentally, for example, as a result of a routine health screen or during 
investigation for another health matter. Abnormalities in liver function may be 
noted, even though the eventual diagnosis may not be initially suspected. More 
specifi c symptoms tend to be related to either an acute event, decompensation or 
advanced disease.

Approximately 5–15% of HCCs present following spontaneous rupture of the 
tumour, left untreated this is associated with a 1-month mortality rate of 90%, 
with no ‘survivors’ at 1 year.

Jaundice is rare and, usually, a very late sign of malignant disease for both HCC 
and colorectal liver metastases (CLM), however, for CCA it may be one of the 
most common presenting signs. Jaundice, pruritis, dark urine and pale stools indi-
cate an obstructed biliary tree. Where gallstones can be ruled out, unexplained 
jaundice should be investigated as a priority, with the differential diagnoses includ-
ing CCA and pancreatic cancer.

Investigations

The patient history should always include family medical history where known.
Bloods tests should include a full blood count, liver and renal function, and 

chronic liver disease screen including virology and tumour markers.
Tumour markers are substances within the blood that may, if elevated beyond 

the normal value, raise the suspicion of malignancy. However false-positives and 
-negatives can occur: positives with benign disease and negatives where no tumour 
markers are secreted (occurs in subgroups of the population). In hepatobiliary 
malignancies, the tumour markers usually tested for are AFP (alpha-fetoprotein) 
Ca19.9, Ca125 and carcinoembryonic antigen (CAE):

� AFP is associated with HCC. Laboratories vary, but a ‘normal value’ is usually 
<20 ng/mL (<7 KU/L). However, levels of up to 500 ng/mL have been reported 
in benign conditions (chronic hepatitis, pregnancy) and normal results have 
been reported in up to 20% of HCC patients (Wagman et al., 2000; Ryder, 
2003)

� Ca19.9 is associated with both biliary and pancreatic malignancy. The usual 
normal value is <37 KU/mL. It is elevated in more than 85% of people with 
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CCA, however it may also be elevated in hyperbilirubinaemia and severe liver 
injury

� CEA is associated with colorectal cancer. The usual normal value is <5 ng/mL. 
It may also be elevated in cholangiocarcinoma: 30% of people with CCA have 
an elevated CEA. In colorectal disease, a CEA level in excess of 50 ng/mL has 
been found to be positively correlated with a poor prognosis. However, ele-
vated CEA has also been detected in infl ammatory bowel disease, chronic lung 
disease, biliary obstruction and liver injury

� Ca125 is usually associated with primary gynaecological or peritoneal malig-
nancy. It may also be elevated in cholangiocarcinoma (40–50%), though this 
may be due to the presence of peritoneal involvement. The usual value is 
<35 kU/mL. Benign conditions which may be associated with an elevated 
Ca125 include menstruation, pregnancy and endometriosis

Radiological investigations

Radiology is essential to hepatobiliary malignancy diagnosis but reliability may be 
dependent upon equipment, operator and interpreter expertise.

Ultrasonography is the primary radiological investigation as it is not expensive 
and is non-invasive, with a reported sensitivity of 60–90% (dependent on size of 
lesion). In combination with AFP monitoring, the sensitivity for HCC detection 
can rise to 95%. It is also useful to help differentiate between malignant and benign 
causes of biliary obstruction.

CT can be used to confi rm presence of lesion (Figure 17.2), if it is uncertain on 
ultrasonography. CT has a greater specifi city for smaller lesions, with the potential 

Figure 17.2 CT scan of a large hepatocellular carcinoma. Reproduced with permission from 
Beckingham IJ, Krige JE (2001) ABC of diseases of liver, pancreas, and biliary system. Liver Tumours. 
British Medical Journal 322:477–480.
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advantage of examining for the presence of extrahepatic disease. In addition CT 
may be more accurate for diagnosing and staging CCA as there may be greater 
clarity for examining the hilar region of the liver as well as adjacent vascular 
structures. CT may be the preferred technique in the diagnosis/staging and surveil-
lance for CLM as it allows for full body imaging, thus facilitating primary and 
secondary site assessment.

Magnetic resonance imaging (MRI) can be utilised if there is still uncertainty 
following ultrasonography and CT. Magnetic resonance angiography and veno-
graphy offer non-invasive modes of imaging, which can be of additional assistance 
where surgical intervention or interventional radiology is proposed.

Magnetic resonance cholangiopancreatography (MRCP) may also be of use 
in CCA, though endoscopic assessment may be preferred as it would allow 
for concurrent stent insertion if clinically indicated (preferably following CT 
scanning).

Positive emitron tomography (PET) may be useful in the assessment of secondary 
disease where traditional axial imaging may be indeterminate. PET assesses cell 
activity, the metabolic rate, therefore highly active cells such as cancer cells will 
be highlighted as ‘hot spots’. However, infl ammatory tissue as well as cells with a 
high metabolic rate (e.g. in the gut) will also be highlighted. PET is useful in CLM 
as it will help identify any extrahepatic sites of tumour occurrence, however its 
use in CCA is currently debatable (Khan et al., 2002) and it is rarely contributory 
in HCC diagnosis.

Laparoscopy, although still under discussion, is increasing in usage as both a 
diagnostic and therapeutic approach to hepatobiliary cancer management. Intra-
operative ultrasonography can be utilised during laparoscopy to further advance 
tumour staging. Laparoscopic examination may also be used as a precursor to 
resection following examination, or to facilitate biopsy/node sampling to confi rm 
diagnosis where curative resection or palliative surgery may not be possible.

Endoscopic investigations

Endoscopic retrograde cholangiopancreatography (ERCP) can image the biliary 
tree directly and also assess for pancreatic involvement if the origin of cancer has 
not been determined. Cytology brushings may be obtained and/or palliation of 
jaundice by stenting may be performed, although as a diagnostic tool it is preferred 
that stenting occurs after axial imaging has taken place. (Stenting may cause 
a localised infl ammatory response that may obscure or complicate accurate 
diagnosis.)

Endoscopic ultrasound may allow for closer examination of the adjacent vascu-
lar structures in CCA and pancreatic disease, lymph node examination and/or 
sampling and distal bile duct/pancreatic head assessment. Tissue sampling for 
histological examination may also be obtained during this procedure, as well as 
differentiation between biliary and pancreatic origin of a tumour.

Upper and lower gastrointestinal tract endoscopy may also be carried out if 
diagnosis is equivocal. CCA can mimic CLM both clinically and radiologically, 
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therefore clinical history and thorough evaluation are vital. It is important to 
identify the primary tumour, if present, to enable treatment specifi cation.

Cancer surveillance

HCC surveillance is advocated in high-risk groups to improve early diagnosis, with 
the aim of early intervention and potential cure. The consensus for HCC appears 
to be ultrasonography and AFP every 3–6 months in patients who have:

� HBsAg positive
� HBV and HCV cirrhosis
� Alcohol-related cirrhosis (particularly those abstinent)
� Haemochromatosis
� NASH

Some hepatologists recommend that all cirrhotic patients are offered surveillance 
(Wagman et al., 2000; Llovet and Beaugard, 2003; Ryder, 2003).

For CCA and CLM there is no such consensus, this may be due to the current 
lack of evidence-based supportive literature and/or cost factors.

Treatment options

Successful, appropriate treatment of cancer is dependent upon accurate staging 
and careful patient selection. Accurate pretreatment staging not only informs treat-
ment choices, but may also offer prognostic indicator information.

For most cancers the tumour/node/metastasis (TNM) staging system is used, 
however for HCC this provides an incomplete picture as it fails to assess under-
lying liver disease. Although primary and secondary liver cancers share the same 
anatomical site, they have a different histology, biology and history. So where 
TNM may be useful in secondary disease, it has limited value in primary liver 
cancer.

As a result a number of alternative systems have been proposed: the Okuda 
system (Okuda et al., 1985), the French classifi cation (Chevret et al., 1999), BCLC 
(Barcelona Clinic Liver Cancer)(Llovet et al., 1999), CLIP (Cancer of the Liver 
Italian Programme, 2000) and CUPI (Chinese University Prognostic Indicator) 
(Leung et al., 2002). All incorporate additional information related to underlying 
liver disease and the patient’s general health condition, however they vary in depth 
of information (Grieco et al., 2005; Levy and Sherman, 2005)

Careful patient selection is highly infl uential upon treatment outcomes, for each 
of these three malignancies: underlying liver function, stage of disease, modality 
of treatment suitable, treatment intent, co-existing pathologies and, most impor-
tantly, patient choice may determine what can or cannot be done to help treat the 
cancer.
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At present the only treatment option that can be offered with potential curative 
intent is surgery.

Liver resection

Liver resections include hemi-hepatectomy (extended or formal), non-anatomical, 
segmentectomy, wedge resection and/or metastectomy. Hepatocellular carcinomas 
less than 25% are currently suitable for successful resection (due to either underly-
ing liver disease and/or disease extent); the 5-year survival rate range is 30–70%. 
However, where early detection of tumour is identifi ed, the survival fi gure can rise 
to >90%. Additional prognostic indicators include volume of residual liver and 
extent of resection.

Surgical interventions of CCA include partial liver resection and/or excision of 
the extrahepatic biliary tree. The 3-year survival rate from current data is 40–60%, 
with 5-year fi gures reported as 9–30%. However, this may be due to the reported 
high recurrence rate (50–70%). The origin of the disease appears to be signifi cantly 
infl uential on outcome fi gures, extrahepatic CCA fares better than intrahepatic 
origin CCA.

Where curative resection cannot be performed for CCA, palliative surgical pro-
cedures may be performed, e.g. a biliary ‘bypass’ operation, which may alleviate 
biliary and/or duodenal obstruction, resulting in improved quality of life.

For patients with CLM, the surgical procedures are as for HCC. Approximately 
7500 people per year in the UK will develop CLM, of which 50% may be staged 
as potentially suitable for liver resection. However, up to a third of these will be 
found to be inoperable at laparotomy. For those who do proceed to liver resection, 
5-year survival rates are 40–50% and are rising. When contrasted with a 5-year 
survival of <1% for untreated disease, the benefi t is clearly identifi able. The recur-
rence rate for CLM is high, with up to 60% of resected patients developing new 
or recurrent disease, however, unlike CCA patients, people with recurrent CLM 
may undergo further surgery, provided they are appropriately staged as suitable. 
Operative risk, survival and recurrence fi gures are equivalent to those of fi rst time 
resection.

Liver transplantation

Liver transplantation is only suitable for those with HCC. However availability is 
limited due to an increased demand and a decreased number of donor organs (see 
Chapter 18). Five-year survival, of patients transplanted with HCC, is reportedly 
above 60%, although with recurrence rates estimated at 30–40%, this fi gure may 
decrease to around 20%.

There is a current debate regarding transplantation criteria and whether the 
criteria of tumour size currently used in the UK should be expanded. Emerging 
data from the Far East suggests that it is the biology of the disease rather than size 
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per se that infl uences survival. A highly proliferative tumour carries a greater risk 
than tumour volume; for example a 7 cm indolent tumour may carry a lower risk 
of recurrence than three 1 cm highly active tumours. Macrovascular invasion and 
a grossly elevated AFP have been found to be signifi cant predictive indicators 
of disease recurrence and/or death (Lee et al., 2004; Pawlick et al., 2005; Moray 
et al., 2007).

Palliative (non-curative) treatments

Transarterial chemoembolisation

Transarterial chemoembolisation (TACE) is a treatment for HCC, which takes 
advantage of the dual blood supply to the liver by the portal vein and hepatic 
artery. Chemotherapy is delivered directly into the tumour’s blood supply via the 
hepatic artery. Mixed with the chemotherapy are particles (usually a lipiodal mix) 
that will also provide temporary arterial occlusion. The aim of this treatment 
is to destroy liver cancer cells by the direct installation of chemotherapy, with 
the secondary effect of arterial occlusion, which interrupts oxygen and nutrient 
delivery. It is not offered as a curative therapy, but may be offered as a holding 
treatment, to patients awaiting transplantation to help keep them within transplant 
criteria. Co-existing portal vein occlusion may be a contraindication, depending 
on cause and extent.

Response rates vary and there is some debate as to whether it is the cytotoxic 
or embolisation effect that has the greater anti-tumoural result. Around 30% of 
patients will show objective tumour response with no tumour progression, 30% 
will show no objective tumour response, but neither will there be evident progres-
sion and the fi nal third will have no objective tumour response and evidence of 
tumour progression. There is a 2-year survival rate of 20–80%, with infl uential 
factors including response to and/or tolerance of cytotoxic therapy.

TACE can be repeated, usually at 6–8-week plus cycles, dependent on the che-
motherapy drug and dosage used. A consideration where doxorubicin is used is 
the life-time dose limitation, that may restrict how often this therapy can be 
given.

A further consideration in patients with pre-existing viral disease is that the 
chemotherapy may re-activate quiescent disease; prophylactic therapy with appro-
priate antivirals is recommended (Johnson, 2005; Marelli et al., 2006, 2007).

Radio-frequency ablation

Radio-frequency ablation (RFA) is primarily used for HCC and CLM. A probe is 
inserted directly into the tumour, via the percutaneous, laparoscopic or open 
laparotomy approach and a predetermined ‘burn’ is delivered to the tumour. 
Limitations of this treatment include size and position of the tumour(s), including 
proximity to blood vessels and the diaphragm.
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Long-term response rates are yet to be fully evaluated, but early initial results 
show a potential benefi t over percutaneous injection therapies; survival benefi t is 
yet to be seen (Camma et al., 2005; Pacella et al., 2005).

Percutaneous ethanol/acetic acid injection (PE/AI)

Percutaneous ethanol/acetic acid injection (PE/AI) is used for HCC and utilises 
a direct target approach, where either ethanol or acetic acid is injected, via the 
percutaneous route, into the tumour. The limitations of this treatments include 
size, number and position of the lesion(s) and periprocedural pain. As a palliative 
procedure PE/AI has a reported 5-year survival of less than 50% (Andriulli et al., 
2006).

Systemic chemotherapy

Systemic chemotherapy has a less than 10% response rate in HCC, and is thought 
to be related to liver cancer’s apparent drug resistance to cytotoxic therapy. As 
with TACE, prophylactic antiviral therapy should be considered pretreatment 
in patients with pre-existing viral disease to prevent reactivation/exacerbation. 
Chemotherapy has also been utilised post transplantation, where histology has 
indicated vascular or perineural invasion, however there is limited data regarding 
effi cacy and there are no results from randomised controlled trials to evaluate 
this.

CCA appears to be slightly more chemoresponsive, with a partial response rate 
of 10–50%, dependent upon cytotoxic drug/regime used and stage of disease at 
time of treatment instigation. Gemcitabine as part of a combination regime has 
been reported to show favourable results, with an associated symptom control 
benefi t. Jaundice, or rather hyperbilirubinaemia, can preclude chemotherapy as a 
treatment option. Unless optimal biliary drainage is achieved and the bilirubin level 
is less than twice the upper limit of normal (ULN), most oncologists would be 
reluctant to proceed with therapy. As a postsurgical adjuvant therapy, chemo-
therapy for CCA is as yet of unproven benefi t; further evidence is required.

It is in the group of patients with CLM that chemotherapy has proven most 
benefi cial, as evidenced in the reported improved survival rates (up by between 4 
and 13%) in the Improving Outcome Guidance in Colorectal Cancer Manual 
update (NICE, 2004).

Photodynamic therapy

Photodynamic therapy (PDT) is a treatment that utilises a photosensitising agent, 
administered systemically, activated by a laser. The laser is attached to an endo-
scopic probe, that is inserted via ERCP. The agent attacks the cancer cells by 
causing necrosis. Initial studies, as reported in the NICE guidance (2005), suggest 
a survival benefi t of approximately 4 months when compared with stenting alone, 
with a signifi cant symptom improvement.
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Radiotherapy

Radiotherapy has limited effi cacy due to radiation hepatitis. However, it is useful 
in primary colorectal cancer and for the palliative treatment of bony metastases 
in HCC, CCA and CLM.

Whilst other therapies, such as tamoxifen and trialled therapies such as yttrium-
labelled microspheres, have shown some benefi ts, further studies are required 
before these are widely adopted.

Nursing management

The perioperative mortality rate for liver resection at major specialist centres is 
less than 5%, with complications occurring in about 30% (including routine post-
operative incidences, e.g. wound infection).

In patients without signifi cant cirrhosis, up to 80% of the liver can be safely 
resected, due to its capacity for regeneration or rather hypertrophy with main-
tained functionality. However, in selected patients there may be concerns about 
potential for peri-/postoperative liver failure.

Postoperative considerations following liver resection include:

� Shock +/− haemorrhage: the liver is a highly vascular organ and carries a sub-
sequent high risk of bleeding post surgery. Added to this is the potential for 
an impaired liver to develop a coagulopathy peri-/postoperatively. Therefore 
careful observation and monitoring +/− infusion of blood products +/− vitamin 
K administration are necessary

� Hepatic insuffi ciency: transient liver enzyme abnormality and the development 
of a degree of post-surgical ascites are not unexpected in the immediate post-
operative phase. However, severe or prolonged abnormality is unusual and 
may indicate liver failure, particularly in patients with previously identifi ed 
liver disease. Liver failure may be due to decompensation of pre-existing liver 
disease or to ‘small-for-size’ remnant liver – in either instance immediate iden-
tifi cation and appropriate intervention are required to prevent further deterio-
ration or death. Intensive therapy unit (ITU) admission with organ support 
interventions should be instigated. The incidence is less than 1%, however if 
liver failure does occur the mortality rate is signifi cantly higher

� Bile leak: this can occur from the cut surface of the liver or from biliary 
anastamotic sites. These may be treated conservatively, endoscopically with 
stenting, radiologically by drain insertion or surgically. Careful observation 
and drain surveillance are required, with early cholangitic and/or septic symp-
toms reported and acted upon

� General postoperative care: effective, appropriate analgesia, prevention of 
infection, management of nausea/vomiting/ileus and early mobilisation are of 
paramount importance
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In general the postoperative liver resection stay, for an uncomplicated procedure, 
should not exceed 7–10 days.

Chemotherapy drugs target rapidly dividing cells, such as cancer cells, and alter 
their ability to grow and duplicate. However, there are other cells within the body 
that naturally divide and grow rapidly (though in these instances the rate of growth 
and duplication is controlled), for example, hair. Common side effects related to 
cytotoxic therapy – whether given systemically or targeted (e.g. TACE) are:

� Alopecia (hair loss) is common with doxorubicin (TACE-HCC) but less likely 
with gemcitabine (CCA). If alopecia is going to occur it usually starts around 
the second week post treatment. Hair loss may be minimal (i.e. hair thinning) 
or extreme (where the individual may even lose their eyelashes, eyebrows and 
nasal hair, all hair is affected). However chemotherapy-related alopecia is 
reversible and hair usually starts to regrow once treatment stops

� Gastrointestinal disturbances range from mouth ulceration to nausea/vomiting 
to diarrhoea/constipation. The lining of the gastrointestinal tract is composed 
of rapidly dividing cells and therefore may also be affected by chemotherapy. 
Oral hygiene is important, although dental intervention is not advised during 
treatment. Symptom control/management techniques can help prevent or alle-
viate gastrointestinal tract disturbances; anti-emetics, natural remedies such as 
peppermint, chamomile or ginger may be given. Avoid or treat constipation 
with dietary alterations +/− mild laxatives

� Haematological alterations. There is a certain period post chemotherapy 
administration when there will be a fall in the full blood count, potentially 
resulting in anaemia, thrombocytopenia and neutropenia. This is called the 
‘nadir period’ – it usually self-resolves and the full blood count will be back 
within ‘normal’ range by the next dose of chemotherapy or within 5–7 days. 
However, in some people the drop is severe and if it is either symptomatic or 
prolonged, further intervention may be necessitated
� Anaemia may be treated with iron supplements and/or transfusion, depend-

ing on the severity of drop of haemoglobin
� Thrombocytopenia: bruising and/or spontaneous bleeding may occur if 

thrombocytopenia is severe or the platelet count falls below 30 × 109/L. 
Supportive therapy and infection-control protocol adherence are vital; 
wounds and scratches may take longer to heal

� Neutropenia: if this is severe and/or associated with a fever or signs of 
infection, admission to hospital may be required for intravenous antibiot-
ics or the administration of haemopoietic growth factor (HGF). HGF can 
help promote the neutrophil count but its use is restricted to protocol-
driven administration and is reserved for use in profound or sepsis-related 
neutropenia

� Virus reactivation. Chemotherapy may trigger reactivation or exacerbation of 
existing viral disease. Prophylaxis should be administered prior to starting 
therapy where possible
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� In women the menstrual cycle may become irregular or even stop. Hot fl ushes, 
vaginal dryness and/or a reduced sex drive may be experienced, all of which 
will have an emotional as well as physical impact. Effective contraception is 
essential as pregnancy during chemotherapy should be avoided: body fl uids 
are cytotoxic and the drugs themselves may be teratogenic. Fertility may be 
affected; this may be drug dependent and if the patient is of child-bearing age, 
discussion regarding protecting fertility, including egg harvesting, should be 
facilitated

� In men sperm production may be reduced; this may resume post treatment but 
as stated above, discussion regarding fertility and preservation methods should 
be facilitated. The ability to achieve and maintain an erection and to ejaculate 
should not be impaired by chemotherapy, however, due to the emotional and 
physical impact of a cancer diagnosis and its treatment, dysfunction may 
occur

� Counselling and support can help and should be offered where available

Chapter summary

Hepatobiliary malignancies are amongst the most common, and fatal, cancers 
worldwide. This chapter has given a brief overview of the three most common – 
primary liver cancer, bile duct cancer and colorectal liver metastases. Despite their 
historical rarity in the UK, the incidence of these cancers is increasing and the care 
involved is complex and multi-disciplinary.

Cancer will probably affect most of us, at some point in our lives, whether 
directly or indirectly. How we deal with such exposure is infl uenced as much by 
societal portrayal and belief, as it is by our emotional and physical response. 
Cancer can be cured, but where cure is not possible the aim of treatment and care 
is to support the individual to live well, physically, emotionally and socially, until 
they die. An important message to give as health care providers is that even if we 
cannot cure, we can help.

Illustrative case study

A 66-year-old male presented to his GP with a 2-week history of increasing 
abdominal distension and discomfort. He had a past medical history of hyperten-
sion which was well controlled with medication, and had a hip replacement 6 years 
ago. He was a non-smoker, teetotaller, and had no history of any recreational drug 
usage.

The patient was heterosexual and had been married for 34 years and had two 
grown-up children, and had recently retired from a governmental administrative 
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job. There was no history of any recent foreign travel or any history of any 
blood transfusions or blood products. There was no relevant family history to 
note.

On examination of the patient there was no evidence of jaundice, or stigmata 
of chronic liver disease and no palpable liver or spleen. The abdomen was noted 
to be dull on percussion with no ‘shifting ascites’.

Further laboratory investigation revealed a negative hepatitis, chronic liver 
disease screen. His laboratory investigation revealed AST 59 IU/L, bilirubin 
24 μmol/L, albumin 28 g/L and alpha-fetoprotein level 700 ng/mL.

An abdominal ultrasonography confi rmed a small volume of ascitic fl uid, with 
a small and heterogeneous shrunken liver, and a spleen 17.6 cm in length. There 
was no visible duct dilatation or calculi. It was however noted that there were two 
small focal lesions of less than 3 cm in diameter. This was confi rmed by a CT scan 
of chest/thorax and abdomen, which additionally demonstrated that there was no 
vascular or lymphatic involvement or any other lesions.

The patient was diagnosed with cryptogenic cirrhosis and hepatocellular carci-
noma. Diuretic therapy was commenced for his ascites and he was referred to a 
tertiary transplant centre for transplant assessment.
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18Liver transplantation

Introduction

Liver transplantation is an established and accepted treatment of choice for patients 
with acute and chronic end-stage liver disease (Didier et al., 2006). Since the fi rst 
liver transplant was carried out in 1963 by Dr T Starzl there have been many 
advances in surgical techniques, organ perfusion solutions and the advent of cyclo-
sporine as an immunosuppressive agent (Starzl et al., 1982). These have contrib-
uted to liver transplantation evolving from an experimental high-risk procedure 
to an accepted treatment modality, with a steady improvement in both patient and 
graft survival (Starzl et al., 1981). Current national survival rates at 1 year post 
transplant are 89%; however, these will vary from centre to centre (UK Transplant, 
2008).

As survival outcomes have improved, liver transplantation is now available to 
a broader range of patients with more complicated conditions. The increase in 
demand has not been met with an equivalent increase in the numbers of livers 
available for transplantation (Figure 18.1) leading to increasing waiting times, 
deteriorating health and increased mortality on the waiting list.

This increased demand has resulted in a need to increase the donor pool and 
make the best use of available organs. Splitting livers to benefi t two recipients has 
now become a national liver transplant standard (DoH, 2005) and the use of non-
heart beating livers shows the potential to signifi cantly increase the number of 
livers available for transplantation (Muiesan et al., 2005).

Wendy Littlejohn and Joanna Routledge



Liver transplantation 307

Worldwide there are well-established and successful living related donation 
programmes both adult-to-adult and adult-to-child, which are currently being 
developed with the NHS in the UK.

Indications for liver transplantation

The indications for liver transplantation include most, if not all, of the hepatic 
diseases as discussed in previous chapters:

� Chronic hepatitis – viral, autoimmune
� Alcohol-related liver disease
� Non-alcoholic steatohepatitis
� Cryptogenic cirrhosis
� Toxin-/drug-induced hepatitis
� Cholestatic – primary biliary cirrhosis, primary sclerosing cholangitis, pro-

longed cholestasis, biliary atresia, familial cholestasis, cystic fi brosis, alagille 
syndrome, progressive familial intrahepatic cholestasis

� Metabolic – haemochromatosis, Wilson’s disease, alpha-1-antitrypsin defi -
ciency, storage diseases, hyperoxaluria

� Vascular – Budd-Chiari syndrome, veno-occlusive disease
� Primary hepatocellular carcinoma, hepatoblastoma
� Congenital abnormalities, urea cycle enzyme defi ciency, familial amyloid poly-

neuropathy (Murray and Carithers, 2005)

Pretransplant assessment

It is important that potential candidates are referred early to specialist centres for 
liver transplant assessment, before they develop the complications of end-stage 
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Figure 18.1 Numbers of UK listed transplant patients, annual liver transplants and the numbers of 
waiting list deaths in chronic disease patients 2002/3–2006/7 (UK Transplant, 2007).
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liver disease. This allows for the optimisation of their condition prior to transplan-
tation. Late referrals with severe decompensation, malnutrition and development 
of associated syndromes carry a much higher risk and are more likely to develop 
postoperative complications and require longer recovery periods (Didier et al., 
2006). Extensive physiological and psychosocial assessments are also necessary to 
ascertain the suitability of patients for transplant or to explore alternative 
therapies.

The transplant assessment has four main objectives, and is carried out by a 
multi-disciplinary team:

� Establish and confi rm diagnosis
� Evaluate hepatic reserve/disease severity
� Evaluate anatomical structures and exclude contraindications
� Evaluate overall fi tness of candidate to undergo liver transplantation

The routine tests and procedures which form the core of the assessment are 
outlined in Table 18.1. Further investigations or consultations may be added as 
indicated depending on the fi ndings of the initial assessments. Potential candidates 

Table 18.1 Laboratory investigations and diagnostic tests used for liver transplant assessment.

Routine blood tests
Full blood count, PT, INR, electrolytes, urea, creatinine, liver function tests, blood glucose, lipid 

profi le, thyroid function tests, hepatitis serologies B and C, HIV, HTLV, EBV, CMV, Toxo, VZV, 
VDRL serologies, blood group

Diseases-specifi c blood tests
Anti-nuclear, anti-mitochondrial, anti-smooth muscle antibodies, ferritin, copper, caeruloplasmin, 

alpha-fetoprotein, HBV DNA, HCV RNA, HCV genotype, CA19–9, CEA, HIV DNA, CD4,T-cell 
count

Routine diagnostic testing
Chest radiograph, pulmonary function tests, arterial blood gases, electrocardiogram
(provided baseline for future reference, assess cardiopulmonary function, rule out any exsisting 

cardiopulmonary pathology)

Doppler ultrasound and CT scan
(assess liver confi guration/contours, detect blood fl ows, evidence of portal hypertension, patency of 

vessels, detection and staging of lesions – size/position/invasion)

Endoscopy – staging and treatment of oesophageal varices

Liver biopsy – diagnostic, assess severity of disease

Consultations
Routine
Hepatologist, clinical transplant coordinator, anaesthetist, transplant surgeon, dietican, pharmacist, 

social worker
As required
Intensivist, alcohol and substance misuse specialist, cardiologist, haematologist, nephrologist, 

psychiatrist
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should be assessed on their profi le of complications, calculated prognosis and 
quality of life (Howdle, 2006).

Various tools have been used to grade severity of disease and determine prog-
nosis; Child-Turcotte-Pugh classifi cation, the prognostic model for end-stage liver 
disease (MELD), United Kingdom modifi ed version of MELD (UKELD), and 
disease specifi c indices for primary biliary cirrhosis and sclerosing cholangitis 
(Christensen et al., 1984; Devlin and O’Grady, 1999; Wiesner et al., 2003), which 
help identify patients’ needs and medical urgency for liver transplantation.

The recipients’ understanding, willingness, motivation, previous medical compli-
ance and their support systems must be evaluated. Issues of non-compliance and 
any form of addictive behaviour (alcohol/drug use) must be addressed before con-
sideration for listing. A minimum period of 6 months of abstinence from alcohol 
must be achieved before transplantation and it is recommended to continue post 
transplant. Other substance abuse or dependence must also be addressed pre trans-
plant as this is associated with relapse post transplant (Di Martini et al., 2001). 
Although tobacco is not a contraindication to transplantation, it is recognised as 
a major risk factor to the transplant patient, increasing risks of hepatocellular car-
cinoma (HCC) (Marrero et al., 2005) and vascular and arterial complications 
(Pungpapong et al., 2002). Smoking cessation is therefore recommended.

Extensive counselling and support are required by the patients to achieve this, 
along with proven abstinence monitoring and agreements of care between the 
patient and the transplant centre (Murray and Carithers, 2005). The use of written 
contracts has been advocated by several authors to reduce ambiguity (Gish et al., 
1993).

The aim of psychosocial evaluation of the transplant candidate is to identify any 
factors that place the patient at high risk for poor outcomes post surgery, whether 
that is reduced life expectancy or quality of life. This assessment will initially be 
carried out by the transplant coordinator and social worker. Factors considered 
are outlined in Table 18.2.

Only through careful evaluation and analysis of the information obtained can 
the following be identifi ed:

Table 18.2 Psychological evaluation of the transplant candidate.

Social support: family and friends, living environment, fi nancial resources, employment, 
transportation, knowledge of social services/benefi ts available

Drug and alcohol and tobacco history: predict ability to maintain long-term abstinence and identify 
any risk factors for poor outcome. Assess the need for ongoing support

Psychiatric history: identifi cation of mental illness which may affect compliance post transplant
Knowledge and understanding: assess level of knowledge about disease, transplant process. Identify 

an education strategy to ensure the patient can give informed consent
Coping mechanisms: identify coping strategies to chronic illness, frequent hospital admissions, 

attitudes to health, lifestyle changes and life-long immunosuppressant therapy and follow-up
Ability to collaborate effectively: assessment of behaviour during the evaluation, attitude to 

medications, illness. Adherence to medications, appointments, diet advice. Ability to report 
changes or deterioration in condition and to keep the team informed
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� Severity of the disease and prognosis
� Clinical and biochemical indicators for transplantation
� Contraindications (absolute/relative) to liver transplantation
� Risk/benefi t ratio of liver transplantation to the recipient
� Alternative treatment options that may prevent or delay transplantation
� Impact on quality of life
� Patients’ preferences, goals and commitment
� Management plan (Howdle et al., 2006)

Contraindications to liver transplantation

There are relatively few absolute contraindications to liver transplantation and as 
more experience has been gained these have decreased in number.

Absolute contraindications include the following:

� AIDS
� Extrahepatic malignancy
� Advanced cardiopulmonary disease
� Uncontrolled extrahepatic sepsis
� Active alcohol/substance misuse
� Cholangiocarcinoma

Relative contraindications include the following:

� Multi-system organ failure
� HIV positivity
� Portal venous system thrombosis
� Pulmonary hypertension
� HBV DNA positivity
� Cachexia (under 70% of body weight)
� Morbid obesity (Didier et al. 2006)

Selection committee/minimal listing criteria

Once the transplant assessment is completed potential candidates are formally 
presented to the selection committee (which includes members of the transplant 
multi-disciplinary team) for discussion regarding the need and suitability for liver 
transplantation. The current criteria for listing are that a patient has a greater than 
50% chance of being alive at 5 years post transplantation with a quality of life 
acceptable to the patient. If the chance is less than 50% transplantation should 
not be offered (Neuberger, 2001). The potential outcomes are:

� Suitable candidate – place on transplant list
� Suitable candidate too early – medical follow-up, reassess at later date
� Reversible current contraindications – treatment given, reassess and 

rediscuss
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� Absolute contraindication – declined for transplant, option of second 
opinion

Optimal selection of patients and timing of liver transplantation is crucial in 
order to increase survival rates and decrease postoperative morbidity.

Pretransplant education

Education is critical to a successful outcome. It begins at the initial referral and 
continues throughout the phases of assessment: listing, waiting time, transplant, 
recovery and long-term follow-up, involving the potential recipient and family 
members/carers (Ohler, 2003).

It is vital to establish a secure and trusting relationship with potential recipients 
from the outset, to facilitate learning and achieve creditability. Education pro-
grammes can help alleviate fears, address misconceptions, help formulate ques-
tions, assist decision making, improve compliance, promote health and improve 
coping mechanisms (Charlton and Ventura, 2006).

It is important to initially evaluate the patient’s emotional state, physical health, 
cultural needs, and level of knowledge, attitudes, abilities, readiness to learn and 
learning style (Lipson and Dibble, 2005). This will help to provide individualised 
patient education in order to enhance understanding (Zink et al., 2005).

Various teaching methods should be implemented over a period of time, and 
information should be reinforced regularly to enhance and develop understanding 
(Bernat and Peterson, 2006). The topics covered should include an overview of 
liver transplantation, including risks and benefi ts, the assessment process and 
allocation of organs, options of treatment for end-stage liver disease, the role of 
the transplant team, waiting for an organ, recovery and postoperative complica-
tions, medications and follow-up. Talking to other patients regarding quality of 
life changes can also increase understanding (Kizilisik et al., 2003).

Consent

Ensuring that patients are central to the decision-making process enables them to 
make health care choices which are right for them. Patients need to be aware of 
the choices open to them including the type of donor and type of transplant. This 
ensures that the consent being sought is informed.

Waiting list management

Patients will be on the waiting list for variable periods of time depending largely 
on donor availability, blood group and size. During the waiting time all patients 
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need to be regularly reviewed to ensure that they continue to meet criteria. Close 
monitoring ensures medical, pharmacological and nutritional treatments are opti-
mised, and that any new problems are detected and treated. Patients deemed high 
risk at the time of listing will need to undergo a reassessment whilst on the waiting 
list to ensure their continued suitability (Neuberger, 2003).

An unknown proportion of patients are removed from the transplant list due to 
increased high risk, or they become unsuitable for transplant during the waiting 
period (Didier et al., 2006). Patients with end-stage liver disease have limited 
hepatic reserve and episodes of decompensation during the waiting time are 
common; the potential for renewed health is evident but recipients are also aware 
of the risk of death on the waiting list.

The waiting period can be extremely diffi cult and it is important to allow 
patients and families to express their feelings and concerns during this time. Each 
candidate’s situation is unique but there are some typical stressors encountered by 
both the recipient and their family members (Brown et al., 2006):

� Lack of control – not knowing when the transplant will occur
� Deteriorating health – facing death
� Fear of dying before the organ is available
� Living life on hold – limitations
� Change in roles and lifestyle
� Financial concerns

It is important to build a relationship between the recipients and their transplant 
team, actively encouraging the recipient to play a part in their management 
through self-reporting changes in condition and compliance with diet and exercise. 
Providing honest information, reassurance and support for recipients through-
out the transplant process will help them during the waiting time (Baker and 
McWilliams, 2003).

Allocation of organs

In the UK, each transplant centre is responsible for the assessment, transplantation 
and post-transplant care of referred patients, with each centre maintaining their 
own waiting list for patients with chronic liver disease.

A UK-wide national organ-sharing scheme is coordinated by United Kingdom 
Transplant (UKT) with each liver transplant centre responsible for abdominal 
organ retrieval in a given geographical zone. UKT maintains a national super-
urgent waiting list for patients in acute liver failure as defi ned by O’Grady et al. 
(1993). This is discussed in more depth in Chapter 13.

When UKT is notifi ed of an organ donor, priority is given to patients in acute 
liver failure on the super-urgent waiting list. If there are no super-urgent listed 
patients the liver is offered to the designated zonal team for one of their eligible 
chronically listed patients. If they are unable to utilise the organ (e.g. no suitable 
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recipient, no intensive care bed, unsuitable organ), it will be offered to the other 
designated centres on a rotational basis. If unplaced it will be offered back to the 
zonal centre for private patients and then on to the other designated centres for 
their private patients and fi nally to Euro transplant for placement.

Many factors determine whether a liver is suitable for retrieval and transplanta-
tion, including medical, surgical and social history, cause of brain death, haemo-
dynamic stability, laboratory data and serology. Details regarding the appearance, 
vascular anatomy, size and overall quality of the organ are conveyed to the 
implanting surgeon who will ultimately decide on the overall suitability of the liver. 
Transplant surgeons use their clinical skills and judgement in evaluating the condi-
tion of the liver available for transplant and matching it to the best recipient at 
that given moment (Adam et al., 2000) which is based on:

� Blood group – match
� Severity of liver disease – priority listed recipients
� Weight – donor to recipient +/− 20 kg
� Marginal grafts – better outcomes if given to fi tter recipients
� HCC recipients
� Time and distance – non heart-beating livers, need short cold ischaemia time
� Date listed for transplant

The consequences of longer waiting lists and waiting times results in the alloca-
tion of organs to the sickest candidates with severely decompensated liver disease 
undergoing complex surgery. However, this will have an impact on postoperative 
recovery (Neuberger and James, 1999).

Liver transplant surgery

Conventional liver transplant involves the resection of the recipient native liver 
(hepatectomy), a short anhepatic phase where the native liver is removed (Figure 
18.2, Plate 17), followed by implantation of a whole donor liver graft. Anastomo-
sis of the inferior cava, portal vein and hepatic artery is performed (end-to-end 
donor to recipient) (Figure 18.3). The biliary connections involve either a primary 
duct-to-duct technique or require the performance of a hepaticojejunostomy. 
Figure 18.4 (Plate 18) shows the abdomen following the liver transplant with the 
new liver in situ.

The postoperative course of the patient will depend on the quality of the donor 
liver, the complexity of the surgery carried out and the clinical status of the recipi-
ent. The timely identifi cation of potential complications is a critical factor in mini-
mising morbidity and mortality; hence the nurse plays a key role in the monitoring 
and assessment of the patient (Table 18.3).

Complications in the critical care phase include primary non-function (PNF), 
which affects between 4 and 20% of liver transplant procedures. PNF is charac-
terised by haemodynamic instability, coagulopathy, rising lactate and liver enzymes, 
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renal failure and poor bile output (Bezeizi et al., 1997), and results in the need for 
urgent re-transplantation. Additionally hepatic artery or portal vein thrombosis 
can also result in either re-transplantation or further surgery. Postoperative bleed-
ing may require urgent re-exploration in theatre and can be the result of ongoing 
coagulopathy, inadequate haemostasis or slipping of a suture. Furthermore biliary 
complications, including anastomotic leaks, strictures and obstruction, are major 

Figure 18.2 The abdomen during anhepatic phase of liver transplantation. For a colour version of this 
fi gure, please see Plate 17 in the colour plate section.
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Figure 18.3 Diagram of anastomosis in liver transplantation. Used with permission from Hector 
Vilca-Melendez.
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complications following liver transplant occurring in 15–20% of cases (Nemec 
et al., 2001; Eghtesad et al., 2005).

Infection is also a signifi cant cause of morbidity and mortality in liver transplant 
recipients (Blair and Kusne, 2005). In the fi rst month, many infections are related 
to the surgery and levels of immunosuppression. Opportunistic infections resulting 
from ongoing immunosuppression can occur such as cytomegalovirus (CMV), 
Epstein-Barr virus (EBV), herpes simplex virus (HSV) and varicella zoster virus 
(VZV). Most patients are treated with prophylactic antibiotics and antifungal 
medications; however those with elevated risk profi les for CMV are treated with 
antiviral therapy for 3 months following liver transplant.

Immunosuppressive therapy

Post-transplant immunosuppressive therapy consists of an ‘induction’ followed by 
a ‘maintenance’ regime. The induction will usually consist of high-dose steroids 

Figure 18.4 Abdomen following transplant with new liver in situ. For a colour version of this fi gure, 
please see Plate 18 in the colour plate section.

Table 18.3 Initial nursing management of the liver transplant recipient.

Ventilatory weaning and extubation
Haemodynamic monitoring and fl uid management
Pain control
Wound assessment, monitoring of bleeding
Care of central and arterial lines, wound and biliary drains and urinary catheter
Laboratory tests including liver biochemistries, full blood count, serum lactate, blood gas analysis
Monitoring of psychological status
Care of the family
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combined with a calcineurin inhibitor (CNI). The patient is converted to oral ste-
roids after several days, which is then tapered. Maintenance immunosuppression 
continues with the CNI and complete withdrawal of the steroid within 6–12 
months, with the exception of autoimmune-mediated liver disease. In stable patients 
lower therapeutic levels of CNI are usually permitted if tolerated.

Calcineurin inhibitors (CNI)

Calcineurin is believed to play a role in the production of cytokines, which are 
central to the graft rejection process. Cyclosporine and tacrolimus inhibit calci-
neurin and therefore inhibit cytokine production. The absorption of tacrolimus 
differs in that it is not dependent on the presence of bile and it is absorbed in the 
duodenum and jejunum. As the presence of food reduces the bioavailability of 
tacrolimus, it is advisable to take it on an empty stomach. Both cyclosporine and 
tacrolimus are metabolised by the cytochrome P450–3A enzyme in the gut and 
liver and therefore administration of medications that inhibit or induce this 
pathway may signifi cantly affect the immunosuppression levels. Common groups 
of drugs which do this include calcium channel blockers, antifungal agents, mac-
rolide antibiotics and prokinetic agents.

Most of the side effects of CNIs are dose dependent and are shown in Table 
18.4. One of the major side effects, nephrotoxicity, is associated with CNIs and 
can be an acute or long-term problem resulting in renal failure in up to 20% of 
patients (Gonwa et al., 2001). Recent studies suggest that renal failure may be less 
of a problem with tacrolimus (Artz et al., 2004; Martins et al., 2004; Nankivell 
et al., 2004).

Sirolimus

Sirolimus (Rapamune, RAP) is structurally similar to tacrolimus but has a different 
mode of action. Sirolimus acts by inhibiting lymphocyte proliferation and inhibits 
the growth factors required for tissue repair, which can result in problems with 
wound healing, skin rashes and mouth ulcers. Metabolic side effects include 
increases in serum cholesterol and triglycerides and suppression of leucocytes, 
erythrocytes and platelets. Anaemia is especially problematic in patients with renal 
impairment.

Corticosteroids

Corticosteroids are an important component of most immunosuppressant regi-
mens, and are used as a fi rst-line treatment in the majority of cases for acute 
allograft rejection. Corticosteroids decrease the infl ammatory response through 
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Table 18.4 Side effects of immunosuppressive drugs.

Tacrolimus Cyclosporine Azathioprine Mycophenolate mofetil (MMF) Corticosteroids

Renal dysfunction
Hypertension
Hypomagnesaemia
Headache
Tremor
Hyperkalaemia
Nausea, vomiting, diarrhoea
Post-transplant diabetes mellitus

Renal dysfunction
Hypertension
Hypomagnesaemia
Hyperkalaemia
Hirsutism
Gingival hyperplasia

Anaemia
Thrombocytopenia
Leucopenia
Nausea
Diarrhoea
Alopecia

Nausea
Vomiting
Abdominal pain
Marrow suppression

Hypokalaemia
Hypertension
Altered mood
Lipid abnormalities
Cushinoid syndrome
Gastric ulcers
Myopathy
Osteoporosis
Fluid retention
Cataracts
Impaired wound healing
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reduced production of cytokines (Donovitch, 2001). The side effects of steroid 
treatment are given in Table 18.4.

Antimetabolites

Azathioprine and mycophenolate mofetil (MMF) are antiproliferative immunosup-
pressive agents, which act on purine metabolism thus causing inhibition of either 
T-cells (azathioprine) or both T- and B-cell (MMF) activation. MMF is often used 
to facilitate dose reduction or withdrawal of CNIs in patients with renal dysfunc-
tion (Stewart et al., 2001). Gastrointestinal side effects may require dose reduction 
or withdrawal (Fung et al., 2005)

Antibody induction

Antibody induction can allow steroid reduction or even withdrawal after liver 
transplantation and can be especially useful in patients with hepatitis C, due to 
the relationship between steroid use and early recurrence of the disease in the 
allograft (Berenguer et al., 2006).

Antithymocyte globulin (ATG) is a polyclonal antibody preparation and causes 
depletion of T-cells. Profound lymphopenia occurs in most patients when ATG is 
administered. A ‘fi rst dose reaction’ is seen in up to 80% of patients, which can 
be minimised by administering a combination of corticosteroids, paracetamol and 
an antihistamine prior to the administration of ATG.

Muromonab-CD3 (OKT3), a monoclonal antibody, binds to the CD3 molecule 
found on T-cells, resulting in an inactivation of T-cell receptors and a rapid fall 
in the numbers of lymphocytes. A release of cytokines into the circulation occurs 
when OKT3 is administered, which can cause reactions ranging from fl u symptoms 
to pulmonary oedema and respiratory distress, often termed ‘cytokine release 
syndrome’ (Wilde and Goa, 1996). To overcome this, an antihistamine with 
adjunct paracetamol and corticosteroids are usually given prior to administration 
of OKT3.

IL-2 receptor antibodies

IL-2 receptor antibodies include basiliximab (Simulect®) and daclizumab 
(Zenapax®). Both drugs are similar in effi cacy and action, resulting in a reduction 
in T-cell proliferation. In liver transplantation, IL-2 receptor antibodies are usually 
given when CNI reduction is important, for example in patients with renal dys-
function. The half-lives of both drugs are long so dosing is often weekly or fort-
nightly and several doses are usually required. Side effects are generally mild 
although occasional anaphylactic reactions have been reported (Baudouin et al., 
2003).
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Graft rejection

The control of rejection is an important factor in graft survival. Acute cellular 
rejection (ACR) occurs in up to 75% of liver allograft recipients, with the majority 
of episodes occurring within the fi rst 90 days after surgery (Wiesner et al., 1993). 
Laboratory investigations show increasing transaminase, ALP and bilirubin levels. 
The patient may be asymptomatic or they may present with a fever and malaise 
with right upper quadrant tenderness on examination. A liver biopsy may be 
required to confi rm the diagnosis. The fi rst-line treatment consists of a 3-day 
course of 1 g of methylprednisolone (Wiesner et al., 1994); 70–80% of patients 
respond to this treatment (Adams and Neuberger, 1992). However, other agents 
may be required if the rejection episode is not responsive to steroids.

The incidence of chronic rejection has decreased in the past decade and currently 
occurs in less than 5% of patients (Martinez and Rosen, 2005), but may result in 
the need for re-transplantation.

Discharge planning and patient information

Effective planning is paramount to the successful discharge of the newly trans-
planted patient. An individualised care package is formed with close collaboration 
between the multi-disciplinary team, patient and their family. Specialist consulta-
tions may also be required prior to discharge, including diabetic nurses, for patients 
with new onset diabetes, hepatocellular oncology nurse specialists, clinical psy-
chologists and psychiatrists. Communication channels between the transplant coor-
dinator and the patient’s GP will be maintained in order to discuss any further 
issues, such as complications which may necessitate hospital admission, coping 
mechanisms, ongoing educational needs or compliance issues. The transplant coor-
dinator will maintain contact with the patient via telephone for the fi rst few days 
post discharge and will then follow up in the clinic alongside the medical team.

Compliance

Non-compliance or non-adherence in the transplant patient is complex and multi-
factorial (Dew et al., 1996). Non-compliance is thought to be implicated in both 
acute and chronic rejection episodes and is responsible for up to 25% of late deaths 
(De Geest et al., 1998; Bunzel and Laederach-Hofmann, 2000). Many factors 
contribute to poor compliance, including inadequate social support (Gish et al., 
1993), lack of motivation, denial about severity of illness or poor understanding, 
poor communication, depression and hopelessness (Krahn and Di Martini, 2005). 
These traits tend to be found more in those patients with either a chemical depen-
dency or psychiatric disorder. Assessing non-compliance can be extremely diffi cult, 
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as it can occur even when the patient has been suffi ciently informed about the risks 
of their behaviour. Various strategies have been employed in order to increase 
patient compliance, such as simplifying medication instructions (Kiley et al., 1993), 
offering more frequent follow-up, including telephone follow-up and providing 
written reminders, however positive infl uence on therapeutic outcome is yet to be 
proven.

Quality of life following liver transplantation

Over the last two decades there has been a growing consensus not only to measure 
treatment success in terms of longevity but also to understand the infl uences of 
liver transplantation in transplant recipients. Consequently, assessing health-related 
quality of life (HRQoL) is considered imperative in the evaluation of effi cacy, cost 
effectiveness and to understand both the impact of known post-transplant com-
plications, and immunosuppressive therapy (Bravata et al., 1999). Consideration 
of patients’ HRQoL could perhaps become increasingly important when prioritis-
ing organ allocation in view of shortages of donor organs and growing waiting 
lists.

Studies have predominantly focused on elective chronic transplant recipients, 
which have highlighted some specifi c health problems, such as fatigue, pain and 
complications of immunosuppressant therapy. However the vast majority of 
post-transplantation recipients report large gains in the QoL aspects most affected 
by physical health and psychological functioning (Bravata et al., 1999). Addition-
ally HRQoL in patients transplanted for ALF is comparative to other liver trans-
plant recipients regardless of the underlying aetiology (Sargent and Wainwright, 
2006).

Long-term management in the liver recipient

Patients undergoing liver transplantation will require life-long follow-up. Trans-
plant centre clinics or outreach clinics may take place locally, and will monitor 
liver and renal function, immunosuppression levels, identify any complications and 
continue health promotion and education. It is important for patients to attend 
age-appropriate health screening offered by primary care teams or GP practices.

Hyperlipidaemia

Hyperlipidaemia occurs in 16–66% of liver transplant recipients (Munoz, 1997) 
and may contribute to the development of cardiovascular disease, a known cause 
of morbidity and mortality in the transplant population (Massy et al., 1994). The 
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cause is multi-factorial (Munoz, 1995), however increases in appetite as a result 
of immunosuppression and steroid therapy are thought to make a signifi cant con-
tribution to both hyperlipidaemia and to the development of post-transplant 
obesity, which has a reported incidence of 20–40% (Everhart et al., 1998). 
Tacrolimus appears less likely to cause hypercholesterolaemia than cyclosporine 
(Charco et al., 1999), therefore conversion to tacrolimus may improve hyper-
lipidaemia (Manzarbietia et al., 2001). It is essential to advocate a low-fat diet, 
exercise programmes and avoidance of alcohol and cigarettes (Kobashigawa 
and Kasiske, 1997). It may additionally be necessary to commence 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins) (Imagawa 
et al., 1996).

Hypertension

Systemic hypertension develops in 55–85% of liver transplant patients within the 
fi rst year of surgery (Stegall et al., 1995). Detection and treatment are important 
to reduce the risk of ischaemic heart disease, peripheral vascular disease and renal 
failure. Steroid withdrawal can be considered, if not already done (Everson et al., 
1999), however in many cases, antihypertensive medication is required in order to 
achieve acceptable blood pressure control.

Diabetes

New-onset diabetes develops in approximately 15% of liver transplant recipients 
(Heisel et al., 2004) and the diabetogenic potential of the immunsuppressive drugs 
is thought to be a contributing factor (Marchetti, 2005). Risks are additionally 
linked to those who are obese, have alcoholic cirrhosis, or hepatitis C-related 
cirrhosis (Bigam et al., 2000; Baid et al., 2001; Tueche, 2003). Management of 
diabetes in liver transplant recipients is similar to that in the non-transplant 
population. Dietetic advice is discussed in Chapter 14.

Osteoporosis

Bone disease is a common problem in patients with chronic liver disease and post-
transplant recipients (Hay, 1995). Patients often have low bone mass density prior 
to transplant due to factors such as malnutrition, immobility and defi ciencies of 
calcium and vitamin D, which may be exacerbated post transplant. Both steroid 
therapy and increased immobility have been linked to rapid bone loss during the 
fi rst 3–6 months post transplantation (McDonald et al., 1991). Treatment with 
calcium, vitamin D and hormonal supplements should be considered for patients 
both pre and post liver transplantation.
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Malignancies

Malignancies are found to occur more frequently in transplant recipients, with an 
overall 3–5-fold increase in risk, when compared with the general population 
(Kinlen, 1985). In the immunosuppressed transplant patient the ability of the 
immune system to eliminate abnormal cells, which could become cancerous, is 
reduced and therefore potentially harmful cells have a greater chance of escaping 
detection and proliferating into a malignancy. Skin cancers, oropharyngeal malig-
nancies and lymphomas are problematic for liver transplant recipients and patients 
transplanted for primary sclerosing cholangitis are considered high risk for the 
development of colonic cancers (Higashi et al., 1990) and should be screened 
accordingly.

Post-transplant lymphoproliferative disorder (PTLD) represents a common post-
transplant malignancy (Penn, 2000). The term PTLD is used to describe a wide 
spectrum of lymphomas and lesions that may appear, depending on the trans-
planted organ and underlying disease. The symptoms are often non-specifi c and 
onset can present early, within 1 month of transplant, or after many years.

In order to facilitate detection of post-transplant malignancies, effective cancer 
screening is extremely important; in addition patients can be taught to self-examine 
and report any abnormalities or concerns. Minimising exposure to the sun is also 
imperative and patients should be counselled regarding their increased risks of skin 
cancer and the use of protective measures such as hats, protective clothing and the 
use of a high factor sunscreen.

Disease recurrence

Disease recurrence after liver transplantation has become more evident due to 
improved long-term survival. Re-transplantation represents a greater postoperative 
risk with higher mortality, therefore patients should be carefully counselled and 
must fully understand that liver transplantation does not guarantee freedom from 
the indicating disease. Re-transplantation for recurrent disease is also becoming a 
diffi cult ethical issue in light of the current donor organ shortage.

Chapter summary

Liver transplantation is now an established treatment option for patients with both 
acute and chronic liver disease, however the increased demand for donor organs 
has resulted in both longer waiting times and increased mortality for patients on 
the transplant list. Early referral, careful patient selection and a robust transplant 
assessment process are vital in order to optimise survival rates and decrease post-
operative morbidity. Multi-disciplinary support of the patient and their family 
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throughout the transplant process is also instrumental in ensuring an optimal 
outcome.

Illustrative case study

A 53-year-old gentleman was referred for transplant assessment with presumed 
alcohol-related liver disease. The patient reported previous alcohol consumption 
of two bottles of whisky per week over a 4-year period but had recently been 
abstinent for 6 months.

He presented with a history of lethargy, ascites and one episode of hepatic 
encephalopathy secondary to a urinary tract infection; the physical examination 
revealed a non-palpable liver, splenomegaly and minimal ascites. No other stig-
mata of chronic liver disease were noted.

A review of the blood tests supported the diagnosis of alcohol-related liver 
disease and a liver biopsy was planned to confi rm the diagnosis. There was evi-
dence of preserved renal function (creatinine 79 μmol/L, urea 1.9 mmol/L) and of 
improving synthetic function (albumin 35 g/L, INR 1.24).

Initially, it was considered too early to list for transplantation due to the possi-
bility of some recovery in liver function as the period of abstinence increased. 
However a lesion in the liver was found on abdominal ultrasonography and CT 
scan.

The indication for transplantation was changed to HCC and the case was pre-
sented to the multi-disciplinary selection committee meeting, who accepted him 
for transplantation. During the waiting time the patient underwent two cycles of 
transarterial chemo-embolisation prior to being called in for transplant 11 months 
after listing.

The liver transplant procedure was uneventful but on day 9 post transplant a 
rising AST was noted from 40 to 110 IU/L. The tacrolimus level was also found 
to be low and subsequently the dosage was increased. A liver biopsy confi rmed 
acute cellular rejection and methlyprednisolone 1 g was given intravenously for 3 
days. By day 12 the AST had reduced to within normal levels and the patient was 
discharged 2 days later with an outpatient’s appointment for the following 
week.
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