Introduction and rationale

Benign hepatic tumors include a broad spectrum of regenerative
and true neoplastic processes. Because of advances in imaging studies
such as computed tomography (CT) and magnetic resonance imaging
(MRI) as well as progress in immunohistochemistry, accurate diagnosis
can now be made in a large percentage of patients without surgical
laparotomy or resection.

This article will focus on the pathogenesis, diagnosis, and
management of focal benign lesions of the liver. Many of these tumors
present with typical features in various imaging studies. On occasions,
biopsies are required and/or surgical removal is needed.

The most common benign hepatic tumors include cavernous
hemangioma, focal nodular hyperplasia, hepatic adenoma, and nodular
regenerative hyperplasia.

In the majority of cases of benign hepatic tumors, patients are
asymptomatic, and no treatment is indicated. The main indication for
treatment is the presence of significant clinical symptoms or suspicion of
malignancy or fear of malignant transformation. (J Clin 2005).

Benign hepatic tumors are increasingly reported with the
widespread use of sensitive imaging studies and occasionally present
significant diagnostic and therapeutic challenges. They usually occur in
asymptomatic patients with or without underlying liver disease.

Using simple imaging techniques such as ultrasound (US), benign
hepatic tumors can be categorized as solitary or multiple and as solid or
cystic.

In general, a single imaging study is insufficient for a definitive

diagnosis, and further studies may be necessary.



Most benign hepatic tumors follow a fairly indolent clinical course.
However, some of them are associated with serious complications.

Thus, the understanding of clinical, radiologic, and pathologic
characteristics of each tumor is important for accurate diagnosis and

appropriate treatment of these tumors.

Differentiating benign liver lesions from cancers can sometimes be
done by radiologic imaging studies alone. If the diagnosis is not clear,
then often a liver biopsy is done to examine a sliver of the liver mass
under the microscope. This allows the liver pathologist to determine the
tissue diagnosis. It is helpful to compare the size of the lesion to prior

Imaging studies (if they exist), to determine if the mass is growing.

This article will review several benign hepatic tumors that are
commonly encountered in adults. We will categorize them as solid or
cystic tumors and describe key differential diagnostic criteria for each
tumor. We will also propose a stepwise approach for diagnosis and

treatment of asymptomatic patients with benign hepatic tumors.
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“... because the liver is a source of many
diseases,
and is a noble organ that serves mamny
organs,
almost all of them: so it suffers, it is not a
small
suffering, but a great and manifold one”

Theophrastus Bombastus von Hohenheim,
known as Paracelsus (1493 1541).



Aim of the work
To high light on:

1. Pathogenesis of different types of benign focal
hepatic lesions.
2. Different approaches for diagnosis and therapy of

these lesions.



Liver Anatomy and Function

The liver, the largest organ in the body, weighs 1200-1500g and
comprises one-fiftieth of the total adult body weight. It is relatively larger
in infancy, comprising one-eighteenth of the birth weight. This is mainly
due to a large left lobe.

Sheltered by the ribs in the right upper quadrant, the upper border
lies approximately at the level of the nipples.

There are two anatomical lobes, the right being about six times the
size of the left. Lesser segments of the right lobe are the caudate lobe on
the posterior surface and the quadrate lobe on the inferior surface. The
right and left lobes are separated anteriorly by a fold of peritoneum called
the falciform ligament, posteriorly by the fissure for the ligamentum
venosum and inferiorly by the fissure for the ligamentum teres.

The liver has a double blood supply. The portal vein brings venous
blood from the intestines and spleen and the hepatic artery, coming from
the coeliac axis, supplies the liver with arterial blood. These vessels enter
the liver through a fissure, the porta hepatis, which lies far back on the
inferior surface of the right lobe. Inside the porta, the portal vein and
hepatic artery divide into branches to the right and left lobes, and the right
and left hepatic bile ducts join to form the common hepatic duct.

The hepatic nerve plexus contains fibres from the sympathetic
ganglia T7-T10, which synapse in the coeliac plexus, the right and left
vagi and the right phrenic nerve. It accompanies the hepatic artery and
bile ducts into their finest ramifications, even to the portal tracts and
hepatic parenchyma (Adler et al; 1999).

The ligamentum venosum, a slender remnant of the ductus venosus
of the fetus, arises from the left branch of the portal vein and fuses with

the inferior vena cava at the entrance of the left hepatic vein. The



ligamentum teres, a remnant of the umbilical vein of the fetus, runs in the
free edge of the falciform ligament from the umbilicus to the inferior
border of the liver and joins the left branch of the portal vein. Small veins
accompanying it connect the portal vein with veins around the umbilicus.
These become prominent when the portal venous system is obstructed
inside the liver (Marieb et al; 2001).

The venous drainage from the liver is into the right and left hepatic
veins which emerge from the back of the liver and at once enter the
inferior vena cava very near its point of entry into the right atrium.

Lymphatic vessels terminate in small groups of glands around the
porta hepatis. Efferent vessels drain into glands around the coeliac axis.
Some superficial hepatic lymphatics pass through the diaphragm in the
falciform ligament and finally reach the mediastinal glands. Another
group accompanies the inferior vena cava into the thorax and ends in a
few small glands around the intrathoracic portion of the inferior vena
cava. The inferior vena cava makes a deep groove to the right of the
caudate lobe about 2 cm from the mid-line.

The gallbladder lies in a fossa extending from the inferior border
of the liver to the right end of the porta hepatis.

The liver is completely covered with peritoneum, except in three
places. It comes into direct contact with the diaphragm through the bare
area which lies to the right of the fossa for the inferior vena cava. The
other areas without peritoneal covering are the fossae for the inferior vena
cava and gallbladder.

The liver is kept in position by peritoneal ligaments and by the
intrabdominal pressure transmitted by the tone of the muscles of the

abdominal wall.
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Functional anatomy: sectors and segments:

Based on the external appearances described above, the liver has a
right and left lobe separated along the line of insertion of the falciform
ligament. This separation, however, does not correlate with blood supply
or biliary drainage. A functional anatomy is now recognized based upon
studies of vascular and biliary casts made by injecting vinyl into the
vessels and bile ducts. This classification correlates with that seen by
Imaging techniques.

The main portal vein divides into right and left branches and each
of these supplies two further subunits (variously called sectors). The
sectors on the right side are anterior and posterior and, in the left lobe,
medial and lateral—giving a total of four sectors.

Using this definition, the right and left side of the liver are divided
not along the line of the falciform ligament, but along a slightly oblique
line to the right of this, drawn from the inferior vena cava above to the
gallbladder bed below. The right and left side are independent with regard
to portal and arterial blood supply, and bile drainage. Three plains
separate the four sectors and contain the three major hepatic vein
branches.

Closer analysis of these four hepatic sectors produces a further
subdivision into segments. The right anterior sector contains segments V
and VIII; right posterior sector, VI and VII; left medial sector, IV; left
lateral sector, segments Il and I11.

There is no vascular anastomosis between the macroscopic vessels
of the segments but communications exist at sinusoidal level. Segment I,
the equivalent of the caudate lobe, is separate from the other segments
and does not derive blood directly from the major portal branches or drain

by any of the three major hepatic veins.



This functional anatomical classification allows interpretation of
radiological data and is of importance to the surgeon planning a liver
resection. There are wide variations in portal and hepatic vessel anatomy
which can be demonstrated by spiral computed tomography (CT) and

magnetic resonance imaging (MRI) reconstruction (Feray et al;1994 ).

Fig. 3 Schematic representation of the functional anatomy of the liver.
Three main hepatic veins (dark blue) divide the liver into four sectors,

each of them receiving a portal pedicle; hepatic veins and portal veins

are intertwined as the fingers of two hands [5].



Anatomy of the biliary tract:

The right and left hepatic ducts emerge from the liver and unite in
the porta hepatis to form the common hepatic duct. This is soon joined by
the cystic duct from the gallbladder to form the common bile duct.

The common bile duct runs between the layers of the lesser
omentum, lying anterior to the portal vein and to the right of the hepatic
artery. Passing behind the first part of the duodenum in a groove on the
back of the head of the pancreas, it enters the second part of the
duodenum.

The duct runs obliquely through the postero-medial wall, usually
joining the main pancreatic duct to form the ampulla of Vater (1720). The
ampulla makes the mucous membrane bulge inwards to form an
eminence: the duodenal papilla. In about 10-15% of subjects the bile and
pancreatic ducts open separately into the duodenum.

The dimensions of the common bile duct depend on the technique
used. At operation it is about 0.5-1.5cm in diameter. Using ultrasound
the values are less, the common bile duct being 2-7mm, with values
greater than 7mm being regarded as abnormal. Using endoscopic
cholangiography, the duct diameter is usually less than 11mm, although
after cholecystect- omy it may be more in the absence of obstruction.

The duodenal portion of the common bile duct is surrounded by a
thickening of both longitudinal and circular muscle fibres derived from
the intestine. This is called the sphincter of Oddi (1887).

The gallbladder is a pear-shaped bag 9cm long with a capacity of
about 50 ml. It always lies above the transverse colon, and is usually next
to the duodenal cap overlying, but well anterior to, the right renal
shadow.

Any decrease in concentrating power is accompanied by reduced
distensibility. The fundus is the wider end and is directed anteriorly; this
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Is the part palpated when the abdomen is examined. The body extends
into a narrow neck which continues into the cystic duct.

The valves of Heister are spiral folds of mucous membrane in the
wall of the cystic duct and neck of the gallbladder. Hartmann'’s pouch is a
sacculation at the neck of the gallbladder; this is a common site for a
gallstone to lodge.

The wall consists of a musculo-elastic network without definite
layers, the muscle being particularly well developed in the neck and
fundus. The mucous membrane is in delicate closely woven folds; instead
of glands there are deep indentations of mucosa, the crypts of Luschka,
which penetrate into the muscular layer.There is no submucosa or
muscularis mucosae.

The Rokitansky—Aschoff sinuses are branching evaginations from
the gallbladder lumen lined by mucosa reaching into the muscularis of the
gallbladder. They play an important part in acute cholecystitis and
gangrene of the gallbladder wall.

Blood supply : The gallbladder receives blood from the cystic
artery. This branch of the hepatic artery is large, tortuous and variable in
its anatomical relationships. Smaller blood vessels enter from the liver
through the gallbladder fossa. The venous drainage is into the cystic vein
and thence into the portal venous system.

The arterial blood supply to the supra-duodenal bile duct is
generally by two main (axial) vessels which run beside the bile duct.
These are supplied predominantly by the retro-duodenal artery from
below, and the right hepatic artery from above, although many other
vessels contribute. This pattern of arterial supply would explain why
vascular damage results in bile duct structuring (Charlton et al; 1998).

Lymphatics: There are many lymphatic vessels in the submucous
and subperitoneal layers. These drain through the cystic gland at the neck
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of the gallbladder to glands along the common bile duct, where they
anastomose with lymphatics from the head of the pancreas.

Nerve supply: The gallbladder and bile ducts are liberally supplied
with nerves, from both the parasympathetic and the sympathetic system.
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Fig. 4. Gallbladder and biliary tract.
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Hepatic morphology:
Kiernan (1833) introduced the concept of hepatic lobules as the

basic architecture. He described circumscribed pyramidal lobules
consisting of a central tributary of the hepatic vein and at the periphery a
portal tract containing the bile duct, portal vein radicle and hepatic artery
branch. Columns of liver cells and blood-containing sinusoids extend
between these two systems.

Stereoscopic reconstructions and scanning electron microscopy
have shown the human liver as columns of liver cells radiating from a
central vein, and interlaced in orderly fashion by sinusoids.

The liver tissue is pervaded by two systems of tunnels, the portal
tracts and the hepatic central canals which dovetail in such a way that
they never touch each other; the terminal tunnels of the two systems are
separated by about 0.5 mm. As far as possible the two systems of tunnels
run in planes perpendicular to each other.

The sinusoids are irregularly disposed, normally in a direction
perpendicular to the lines connecting the central veins. The terminal
branches of the portal vein discharge their blood into the sinusoids and
the direction of flow is determined by the higher pressure in the portal
vein than in the central vein.

The central hepatic canals contain radicles of the hepatic vein and
their adventitia. They are surrounded by a limiting plate of liver cells.

The portal triads (syn. portal tracts, Glisson’s capsule) contain the
portal vein radicle, the hepatic arteriole and bile duct with a few round
cells and alittle connective tissue. They are surrounded by a limiting plate
of liver cells. Portal dyads are as frequent as triads, with the portal vein
being the most frequently absent element.

Within each linear centimetre of liver tissue obtained at biopsy

there are usually two interlobular bile ducts, two hepatic arteries and one
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portal vein per portal tract, with six full portal triads (Berenguer et al;
2000).

The liver has to be divided functionally. Traditionally, the unit is
based on a central hepatic vein and its surrounding liver cells. However,
Rappaport (Couteil et al; 1997) envisages a series of functional acini,
each centred on the portal triad with its terminal branch of portal vein,
hepatic artery and bile duct. These interdigitate, mainly perpendicularly,
with terminal hepatic veins of adjacent acini. The circulatory peripheries
of acini (adjacent to terminal hepatic veins) suffer most from injury
whether viral, toxic or anoxic. Bridging necrosis is located in this area.

The regions closer to the axis formed by afferent vessels and bile
ducts survive longer and may later form the core from which regeneration
will proceed. The contribution of each acinar zone to liver cell
regeneration depends on the acinar location of damage (Couteil et al;
1997).

The liver cells (hepatocytes) comprise about 60% of the liver. They
are polygonal and approximately 30mm in diameter. The nucleus is
single or, less often, multiple and divides by mitosis.

The lifespan of liver cells is about 150 days in experimental
animals. The hepatocyte has three surfaces: one facing the sinusoid and
space of Disse, the second facing the canaliculus and the third facing
neighbouring hepatocytes. There is no basement membrane.

The sinusoids are lined by endothelial cells. Associated with the
sinusoids are the phagocytic cells of the reticulo-endothelial system
(Kupffer cells), and the hepatic stellate cells, which have also been called

fatstoring cells, Ito cells and lipocytes.



There are approximately 202-103 cells in each milligram of
normal human liver, of which 171-103 are parenchymal and 31-103

littoral (sinusoidal, including Kupffer cells).

The space of Disse is a tissue space between hepatocytes and
sinusoidal endothelial cells. The hepatic lymphatics are found in the peri-
portal connective tissue and are lined throughout by endothelium. Tissue
fluid seeps through the endothelium into the lymph vessels.

The branch of the hepatic arteriole forms a plexus around the bile
ducts and supplies the structures in the portal tracts. It empties into the
sinusoidal network at different levels. There are no direct hepatic
arteriolar—portal venous anastomoses.

The excretory system of the liver begins with the bile canaliculi.
These have no walls but are simply grooves on the contact surfaces of
liver cells. Their surfaces are covered by microvilli. The plasma
membrane is reinforced by micro-filaments forming a supportive
cytoskeleton.

The canalicular surface is sealed from the rest of the intercellular
surface by junctional complexes including tight junctions, gap junctions
and desmosomes. The intralobular canalicular network drains into thin-
walled terminal bile ducts or ductules (cholangioles, canals of Hering)
lined with cuboidal epithelium. These terminate in larger (interlobular)
bile ducts in the portal canals.They are classified into small (less than
100mm in diameter), medium (about 100mm) and large (more
than100mm).



Physiology of the liver:

The various functions of the liver are carried out by the liver cells

or hepatocytes.

The liver produces and excretes bile required for food digestion.
Some of the bile drains directly into the duodenum, and some is stored in
the gallbladder.

e The liver performs several roles in carbohydrate metabolism:

-Gluconeogenesis (the formation of glucose from certain amino acids,

lactate or glycerol)
-Glycogenolysis (the formation of glucose from glycogen)
-Glycogenesis (the formation of glycogen from glucose)
-The breakdown of insulin and other hormones

e The liver also performs several roles in lipid metabolism:
-Cholesterol synthesis
-The production of triglycerides (fats).

The liver produces coagulation factors |1 (fibrinogen), 1l
(prothrombin), V, VII, IX, and XI, as well as protein C, protein S and

antithrombin.

e The liver breaks down hemoglobin (bile pigments are its
metabolites), toxic substances and most medicinal products. This
sometimes results in toxication, when the metabolite is more toxic

than its precursor.
e The liver converts ammonia to urea.

e The liver stores a multitude of substances, including glucose in the

form of glycogen, vitamin B12, iron, and copper.
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Classification of liver diseases:

I- Toxic injury to the liver induced by Drugs.
I1- Industrial and environmental toxicity.
I11- Alcoholic liver disease.
IVV-Postoperative hepatic dysfunction.
V- Primary biliary cirrhosis.
VI-Infectious agents and parasites:

o Hepatitis virus.

o Bacterial and other pathogenic agents.

o Parasites.
VII- Tumors:

o Primary malignant tumors.

o Metastatic malignant tumors.

o Benign hepatic tumors.

o Tumor-like lesion.
VIII- Inherited:

o Wilson's disease.

o Hemochromatosis.

o Inborn errors.

o Alpha-1-antitrypsin deficiency.

o Cyst.

IX- Immune & Autoimmune disorder.



I) Drugs and the liver:

Drug metabolism:

The liver is the major site of drug metabolism. Drugs are converted
from fat-soluble to water-soluble substances that can be excreted in the
urine or bile. This metabolism of drugs is mediated by a group of mixed-

function enzymes.
Drug hepatotoxicity:

Many drugs impair liver function, and drugs should always be
considered as a cause when mildly abnormal liver tests are found.
Damage to the liver by drugs is usually classified as being either

predictable (or dose-related) or non-predictable (not dose-related).

This classification should not be used rigidly, as there is
considerable overlap and at least six mechanisms may be involved in the
production of damage:(1) disruption of intracellular calcium homeostasis;
(2) disruption of bile canalicular transport mechanisms; (3) formation of
non-functioning adducts (enzyme-drug) which may then (4) present on
the surface of the hepatocyte as new immunogens (attacked by T cells);
(5) induction of apoptosis; (6) inhibition of mitochondrial function, which
prevents fatty acid metabolism, and accumulation of both lactate and

reactive oxygen species.

The predominant mechanism or combination of mechanisms
determines the type of liver injury, i.e. hepatitic, cholestatic or
immunological (skin rashes, fever and arthralgia (serum-sickness
syndrome). Eosinophilia and circulating immune complexes and

antibodies may occasionally be detected (Bissell et al; 2001).

When a small amount of hepatotoxic drug whose effect is dose-

dependent (e.g. paracetamol) is ingested, a large proportion of it
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undergoes conjugation with glucuronide and sulphate, whilst the
remainder is metabolized by microsomal enzymes to produce toxic
derivatives that are immediately detoxified by conjugation with
glutathione. If larger doses are ingested, the former pathway becomes
saturated and the toxic derivative is produced at a faster rate. Once the
hepatic glutathione is depleted, large amounts of the toxic metabolite

accumulate and produce damage (Kaplowitz et al; 2002).

The 'predictability’ of drugs to produce damage can, however, be
affected by metabolic events preceding their ingestion. For example,
chronic alcohol abusers may become more susceptible to liver damage
because of the enzyme-inducing effects of alcohol, or ill or starving
patients may become susceptible because of the depletion of hepatic

glutathione produced by starvation.

Many other factors such as environmental or genetic effects may
be involved in determining the 'susceptibility’ of certain patients to certain

drugs (Navarro et al; 2006).
Hepatitic damage:

The diagnosis of these conditions is usually by exclusion of other
causes. Most reactions occur within 3 months of starting the drug.
Monitoring liver biochemistry in patients on long-term treatment, such as
antituberculosis therapy, is advisable. If a drug is suspected of causing

hepatic damage it should be stopped immediately.

Liver biopsy is of limited help in confirming the diagnosis, but
occasionally hepatic eosinophilia or granulomas may be seen. Diagnostic
challenge with subtherapeutic doses of the drug is sometimes required
after the liver biochemistry has returned to normal, to confirm the
diagnosis (Maddrey WC; 2005).

19



Drug prescribing for patients with liver disease:

The metabolism of drugs is impaired in severe liver disease (with
jaundice and ascites) as the removal of many drugs depends on liver
blood flow and the integrity of the hepatocyte.

In general, therefore, the effect of drugs is prolonged by liver
disease and also by cholestasis. This is further accentuated by
portosystemic shunting, which diminishes the first-pass extraction of
drugs. With hypoproteinaemia there is decreased protein binding of some
drugs, and bilirubin competes with many drugs for the binding sites on
serum albumin. In patients with portosystemic encephalopathy, care must
be taken in prescribing drugs with a central depressant action (Lee WM;
2003)

II) Industrial and Environmental Toxin:

Liver injury may follow the inhalation, ingestion, or parenteral
administration of a number of pharmacologic and chemical agents. These
include industrial toxins (e.g., carbon tetrachloride, trichloroethylene, and
yellow phosphorus), the heat-stable toxic bicyclic octapeptides of certain

species of Amanita and Galerina (hepatotoxic mushroom poisoning).

Agents producing toxic hepatitis are generally systemic poisons or
are converted in the liver to toxic metabolites. The direct hepatotoxins
result in morphologic abnormalities that are reasonably characteristic and

reproducible for each toxin (Stickel et al;2005).

For example, carbon tetrachloride and trichloroethylene
characteristically produce a centrilobular zonal necrosis, whereas yellow
phosphorus poisoning typically results in periportal injury. The
hepatotoxic octapeptides of Amanita phalloides usually produce massive
hepatic necrosis; the lethal dose of the toxin is ~10 mg, the amount found
in a single deathcap mushroom (Browning JD;2006).
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Liver injury, which is often only one facet of the toxicity produced

by the direct hepatotoxins, may go unrecognized until jaundice appears.

III) Alcoholic Liver Diseases:

Chronic and excessive alcohol ingestion is one of the major causes
of liver disease. The pathology of alcoholic liver disease comprises three
major lesions, with the injury rarely existing in a pure form: (1) fatty

liver, (2) alcoholic hepatitis, and (3) cirrhosis(Fauci et al;2008).
Etiology and Pathogenesis:

Quantity and duration of alcohol intake are the most important risk

factors involved in the development of alcoholic liver disease.

Ethanol is metabolized in the liver by two pathways, resulting in an
increase in the NADH/NAD ratio. The altered redox potential results in
increased hepatic fatty acid synthesis with decreased fatty acid oxidation,
both events leading to hepatic accumulation of fatty acid that is then

esterified to glycerides.

The changes in oxidation-reduction also impair carbohydrate and
protein metabolism and are the cause of the centrilobular necrosis of the

hepatic acinus typical of alcohol damage.

Acetaldehyde is formed by the oxidation of ethanol and its effect
on hepatic proteins may well be a factor in producing liver cell damage.
The exact mechanism of alcoholic hepatitis and cirrhosis is unknown, but
since only 10-20% of people who drink heavily will suffer from cirrhosis,
a genetic predisposition is suggested. Immunological mechanisms have

also been proposed.

Alcohol can enhance the effects of toxic metabolites of drugs (e.g.
paracetamol) on the liver, as it induces microsomal metabolism via the

microsomal ethanol oxidizing system (MEOS)(Kumar et al;2007).
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IV) Viral Hepatitis:
A. Acute Hepatitis :

Acute viral hepatitis is a systemic infection affecting the liver
predominantly. Almost all cases of acute viral hepatitis are caused by one
of five viral agents: hepatitis A virus (HAV), hepatitis B virus (HBV),
hepatitis C virus (HCV), the HBV-associated delta agent or hepatitis D
virus (HDV), and hepatitis E virus (HEV). Other transfusion-transmitted
agents, e.g., "hepatitis G" virus and "TT" virus, have been identified but
do not cause hepatitis (Adler et al; 1999).

All these human hepatitis viruses are RNA viruses, except for
hepatitis B, which is a DNA virus. Although these agents can be
distinguished by their molecular and antigenic properties, all types of
viral hepatitis produce clinically similar illnesses. These range from
asymptomatic and inapparent to fulminant and fatal acute infections
common to all types, on the one hand, and from subclinical persistent
infections to rapidly progressive chronic liver disease with cirrhosis and
even hepatocellular carcinoma, common to the bloodborne types (HBV,
HCV, and HDV) (Feray et al; 1994).

B.Chronic Hepatitis:

Chronic hepatitis represents a series of liver disorders of varying
causes and severity in which hepatic inflammation and necrosis continue
for at least 6 months. Milder forms are nonprogressive or only slowly
progressive, while more severe forms may be associated with scarring
and architectural reorganization, which, when advanced, lead ultimately

to cirrhosis.

Several categories of chronic hepatitis have been recognized. These

include chronic viral hepatitis, drug-induced chronic hepatitis, and
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autoimmune chronic hepatitis. In many cases, clinical and laboratory
features are insufficient to allow assignment into one of these three
categories; these "idiopathic" cases are also believed to represent

autoimmune chronic hepatitis (Berenguer et al; 2000).

Finally, clinical and laboratory features of chronic hepatitis are
observed occasionally in patients with such hereditary/metabolic
disorders as Wilson's disease (copper overload) and even occasionally in
patients with alcoholic liver injury . Although all types of chronic
hepatitis share certain clinical, laboratory, and histopathologic features,
chronic viral and chronic autoimmune hepatitis are sufficiently distinct to

merit separate discussions.
V) Cirrhosis and Its Complications:

Cirrhosis is a condition that is defined histopathologically and has
a variety of clinical manifestations and complications, some of which can

be life-threatening.

In the past, it has been thought that cirrhosis was never reversible;
however, it has become apparent that when the underlying insult that has
caused the cirrhosis has been removed, there can be reversal of fibrosis.
This is most apparent with the successful treatment of chronic hepatitis C;
however, reversal of fibrosis is also seen in patients with
hemochromatosis who have been successfully treated and in patients with

alcoholic liver disease who have discontinued alcohol use.

Regardless of the cause of cirrhosis, the pathologic features consist
of the development of fibrosis to the point that there is architectural
distortion with the formation of regenerative nodules. This results in a
decrease in hepatocellular mass, and thus function, and an alteration of
blood flow (Dodd et al; 1999).
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The induction of fibrosis occurs with activation of hepatic stellate
cells, resulting in the formation of increased amounts of collagen and

other components of the extracellular matrix.

Clinical features of cirrhosis are the result of pathologic changes
and mirror the severity of the liver disease. Most hepatic pathologists
provide an assessment of grading and staging when evaluating liver
biopsy samples. These grading and staging schemes vary between disease
states and have been developed for most conditions, including chronic
viral hepatitis, nonalcoholic fatty liver disease, and primary biliary

cirrhosis.

Advanced fibrosis wusually includes bridging fibrosis with
nodularity designated as stage 3 and cirrhosis designated as stage 4.
Patients who have cirrhosis have varying degrees of compensated liver
function, and clinicians need to differentiate between those who have
stable, compensated cirrhosis and those who have decompensated
cirrhosis. Patients who have developed complications of their liver
disease and have become decompensated should be considered for liver
transplantation. Many of the complications of cirrhosis will require

specific therapy.

Portal hypertension is a significant complicating feature of
decompensated cirrhosis and is responsible for the development of ascites
and bleeding from esophagogastric varices, two complications that

signify decompensated cirrhosis.

Loss of hepatocellular function results in jaundice, coagulation
disorders, and hypoalbuminemia and contributes to the causes of
portosystemic encephalopathy. The complications of cirrhosis are

basically the same regardless of the etiology.
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Nonetheless, it is useful to classify patients by the cause of their
liver disease, patients can be divided into broad groups with alcoholic
cirrhosis, cirrhosis due to chronic viral hepatitis, biliary cirrhosis, and
other less-common causes such as cardiac cirrhosis, cryptogenic cirrhosis,

and other miscellaneous causes.

VI) Genetic and Metabolic Diseases Affecting the

Liver:

There are a number of disorders of the liver that fit within the
categories of genetic and metabolic disorders. Inherited disorders include
hemochromatosis, Wilson disease, ; antitrypsin (;AT) deficiency, and

cystic fibrosis.

Hemochromatosis is the most common disorder affecting
Caucasian populations, with the genetic susceptibility for the disease
being identified in 1 in 250 individuals (Lanza, R. P. 2000) , but does not
have to be inherited.

Hemochromatosis is a condition in which too much iron is
contained in the body. Chronic hemochromatosis can lead to cirrhosis,
cancer, impotence, and heart problems. Iron damages the body through its
promotion of oxidation, increasing the level of free radicals in the body.

Harmful levels of iron can be accumulated in the body simply by
eating too much of the wrong foods and supplements. The human body
uses approximately 1 to 2 milligrams of iron daily. However, the average
diet contains between 10 and 20 milligrams of iron (Palmer, M. 2000).
Furthermore, iron is not expelled from the body easily.

In hemochromatosis, the body cannot absorb iron as effectively,
and also cannot detect when iron levels are too high. This excess iron is

then absorbed into the body’s organs, particularly the liver.
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Hemochromatosis also can co-exist along with other liver
problems, making matters much worse for the patient.

Hemochromatosis is treated by lowering the level of iron in the
body. The most common method is via phlebotomies. A phlebotomy is
purposefully removing blood from the body, typically using a catheter,
and discarding the blood. This must be done weekly over a long period of
time to eliminate high levels of iron — perhaps years. For example, to
deplete 25 grams of blood, it would take two years of weekly
phlebotomies (Qi Z, et al. 1999).

Diet is also very important to patients with hemochromatosis. Iron
needs to be kept to a minimum, as well as alcohol and medications that

may do further damage to the liver.

Over the past 10 years, it has become increasingly apparent that
nonalcoholic fatty liver disease (NAFLD) is the most common cause of
elevated liver enzymes found in the U.S. population. With the obesity
epidemic in the United States, it is estimated that 20% of the population
may have abnormal liver enzymes on the basis of NAFLD and 3% may
have nonalcoholic steatohepatitis (NASH). Infiltrative disorders of the

liver are relatively rare.
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VII) Hepatic tumors:
I) Benign Hepatic tumors:
A. Focal benign Hepatic tumors:

¢ Solid:

» Hemangioma.

Focal nodular hyperplasia.
=  Adenoma.

= Macroregenerative nodule.
= Focal fatty change.

» |ntrahepatic bile duct adenoma.
= Mesenchymal hamartoma.

= Lipomatous tumor.

» [nflammatory pseudotumor.

= Dysplastic nodules.
¢ Cystic:
= Simple hepatic cyst.
= congenital hepatic cyst.
= Hepatic abscess (pyogenic & amoebic).
= hydatid cyst (Echinococcal).
= Biliary cystadenoma.
= Choledochal cyst.

= Caroli disease.
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B. Diffuse benign Hepatic tumors:
é Solid:
= Hemangioma.
= Focal nodular hyperplasia.
= Adenoma.
= Macroregenerative nodule.
= Focal fatty change.
= Nodular regenerative hyperplasia.
é Cyctic:
= Polycystic liver disease
= Echinococcal cyst
= Peliosis hepatis
= Von Meyenburg complexes
II) Malignant Hepatic tumors:
A.Primary:
» Lymphoma
= Cholangiocarcinoma
= HC.C
B.Secondary:

= Metastasis: particularly from the gastrointestinal tract, breast or

bronchus.

é We will first discuss in short the malignant types.
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A) Malignant tumors:

I)Hepatocellular carcinoma (HCC):

Hepatocellular carcinoma (HCC) is one of the 10 most common
cancers world-wide. Hepatocellular carcinoma (HCC) is a primary
malignancy of the hepatocyte, generally leading to death within 6-20

months.
Aetiology:
Carriers of HBV and HCV have an extremely high risk of

developing HCC. In areas where HBV is prevalent, 90% of patients with
this cancer are positive for the hepatitis B virus. Cirrhosis is present in
over 80% of these patients (DeVita et al; 2008).

The development of HCC is related to the integration of viral HBV
DNA into the genome of the host hepatocyte and possibly the degree of

viral replication.

The risk of HCC in HCV is as high as or higher than in HBV
despite no viral integration(El-Serag et al; 2000). Primary liver cancer is
also associated with other forms of cirrhosis, such as alcoholic cirrhosis

and haemochromatosis.

Males are affected more than females; Hepatocellular carcinoma is
the fifth most common cancer in men and the eighth most common

cancer in women worldwide (Bosch et al; 2004).

Patients with hemochromatosis, especially in the presence of
cirrhosis, are at an increased risk of developing hepatocellular carcinoma.

Other suggested aetiological factors are aflatoxin (a metabolite of a
fungus found in groundnuts) and androgenic steroids, and there is a weak

association with the contraceptive pill.
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Pathology

The tumour is either single or occurs as multiple nodules

throughout the liver. Histologically it consists of cells resembling

hepatocytes. It can metastasize via the hepatic or portal veins to the

lymph nodes, bones and lungs.

Clinical features:

Patients generally present with symptoms of advancing cirrhosis.

Pruritus.

Jaundice.
Splenomegaly.
Variceal bleeding .
Cachexia .

Increasing abdominal girth (portal vein occlusion by

thrombus with rapid development of ascites).

Physical

Hepatic encephalopathy.

Right upper quadrant pain (uncommon).

Jaundice.
Ascites.
Hepatomegaly (enlarged, irregular, tender liver).

Alcoholic  stigmata (Dupuytren contracture, spider

angiomata).

Asterixis.
Pedal edema.
Periumbilical collateral veins.

Enlarged hemorrhoidal veins.
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Differential Diagnoses

o Cholangiocarcinoma.
o Cirrhosis.

o Hepatocellular Adenoma.

Other Problems to Be Considered

o Dysplastic nodules in cirrhosis.
o Fibrous nodular hyperplasia.

o Metastatic disease.

o Primary hepatic lymphoma.
Investigations:

o Laboratory Studies:

Expect total bilirubin, aspartate aminotransferase (AST), alkaline
phosphatase, aloumin, and prothrombin time to show results consistent
with cirrhosis.

Alpha-fetoprotein (AFP) is elevated in 75% of cases the level of
elevation correlates inversely with prognosis.

An elevation of greater than 400 ng/mL predicts for hepatocellular
carcinoma with specificity greater than 95%. In the setting of a
growing mass, cirrhosis, and the absence of acute hepatitis, many
centers use a level greater than 1000 ng/mL as presumptive evidence of
hepatocellular carcinoma (without biopsy). Alpha-fetoprotein (AFP) is
inadequate for screening purposes because of the high rate of false
positives in active hepatitis; it only begins to rise when vascular
invasion occurs (Peng et al; 2004).
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o Imaging Studies:

. Ultrasonography is the least expensive choice for screening,
but it is highly operator-dependent. A suspicious lesion on a
sonogram generally requires additional imaging studies to confirm
the diagnosis and the stage of the tumor. Sensitivity of
ultrasonography for detection of small nodules is low. An
advantage is that Doppler imaging can be performed at the same
time to determine the patency of the portal vein.

. CT scanning (triphasic technique) (ie, without contrast, then
with early [arterial] and late [portal] imaging). The addition of
arterial phase imaging to conventional CT scanning increases the
number of tumor nodules detected. Unfortunately, in nodular
cirrhotic livers, the sensitivity of CT scanning for detecting
hepatocellular carcinoma is low. CT scanning has the added benefit
of detecting extrahepatic disease, especially lymphadenopathy.

. MRI may detect smaller lesions and can also be used to
determine flow in the portal vein. However, in patients with
nodular cirrhotic livers, MRI has been shown to have better
sensitivity and specificity.

. Angiography shows characteristic tumor blush in
hepatocellular carcinoma lesions. Angiography is still used for
chemoembolization, one of the treatment options for hepatocellular

carcinoma.

s A liver biopsy, particularly under ultrasonic guidance may

be performed for diagnosis, but is increasingly less used as imaging
techniques show characteristic appearances and because seeding

along the biopsy tract can occur.
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Treatment:
* Surgical resection is occasionally possible.

* Small tumours in patients with cirrhosis do well with liver

transplantation.

* Chemotherapy and radiotherapy are unhelpful, but
chemoembolization and probably embolization alone in selected

patients prolong survival.
Prognosis:

Overall prognosis for survival depends on the extent of cirrhosis and
tumor stage, which then determine the appropriate treatment. Patients
able to undergo a curative resection have a median survival of as long as
4 years; patients who present when they are too ill to be treated have a

median survival of 3 months (Stuart et al; 1996).

Follow-up:

Monitor the progression of disease or adequacy of treatment with imaging
studies every 2-3 months and LFTs and AFP monthly or as appropriate
for the stage of disease and patient's performance status. These
interventions, however, have little or no impact on prognosis for survival
and therefore should be performed in accordance with the patient's

functional status.

Prevention:

Persistent HBV infection, usually acquired after perinatal infection, is a
high risk factor for HCC in many parts of the world, such as South East
Asia. Widespread vaccination against HBV is being used and this has
shown a reduction in the annual incidence of HCC in Taiwan (Bosch et
al; 2004).
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II) Cholangiocarcinoma:

Cholangiocarcinomas (CCCs) are malignancies of the biliary duct
system that may originate in the liver and extrahepatic bile ducts, which
terminate at the ampulla of Vater (Douglass et al;1993&Lake et
al;1993&Lotze et al;1993&de Groen et al;1999).

CCCs are encountered in 3 geographic regions:

Intrahepatic,

é Extrahepatic (ie, perihilar), and
é Distal extrahepatic.

Perihilar tumors are the most common CCCs, and intrahepatic
tumors are the least common. Perihilar tumors, also called Klatskin
tumors (after Klatskin's description of them in 1965), occur at the
bifurcation of right and left hepatic ducts (Clary et al; 2004).

Distal extrahepatic tumors are located from the upper border of the
pancreas to the ampulla. More than 95% of these tumors are ductal
adenocarcinomas; many patients present with unresectable or metastatic
disease.

Pathophysiology:

Cholangiocarcinoma is a tumor that arises from the intrahepatic or

extrahepatic biliary epithelium. More than 90% are adenocarcinomas, and

the remainder are squamous cell tumors.

The etiology of most bile duct cancers remains undetermined.

Long-standing inflammation, as with primary sclerosing cholangitis
(PSC) or chronic parasitic infection, has been suggested to play a role by
inducing hyperplasia, cellular proliferation, and, ultimately, malignant
transformation. Intrahepatic cholangiocarcinoma may be associated with

chronic ulcerative colitis and chronic cholecystitis.
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Cholangiocarcinomas tend to grow slowly and to infiltrate the

walls of the ducts, dissecting along tissue planes. Local extension occurs

into the liver, porta hepatis, and regional lymph nodes of the celiac and

pancreaticoduodenal chains. Life-threatening infection (cholangitis) may

occur that requires immediate antibiotic intervention and aggressive

biliary drainage.

Clinical History:

Symptoms include jaundice, clay-colored stools, bilirubinuria (dark

urine), pruritus, weight loss, and abdominal pain.

Jaundice is the most common manifestation of bile duct cancer.
The obstruction and subsequent cholestasis tend to occur early if
the tumor is located in the common bile duct or common hepatic
duct. Jaundice often occurs later in perihilar or intrahepatic tumors
and is often a marker of advanced disease. The excess of
conjugated bilirubin is associated with bilirubinuria and acholic
stools.

Pruritus usually is preceded by jaundice, but itching may be the
initial symptom of cholangiocarcinoma. Pruritus may be related to
circulating bile acids.

Weight loss is a variable finding and may be present in one third of
patients at the time of diagnosis.

Abdominal pain is relatively common in advanced disease and

often is described as a dull ache in the right upper quadrant.

Physical:

If the cholangiocarcinoma is located distal to the cystic duct
takeoff, the patient may have a palpable gallbladder, which
commonly is known as Courvoisier sign.

An abdominal mass or palpable lymphadenopathy is uncommon,
but hepatomegaly may be noted in as many as 25% of patients.
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Causes:
The etiology of most bile duct cancers remains undetermined.
Currently, gallstones are not believed to increase the risk of

cholangiocarcinoma. Chronic viral hepatitis and cirrhosis also do not

appear to be risk factors.
1. Infections :

a. In Southeast Asia, chronic infections with liver flukes,
Clonorchis sinensis, and Opisthorchis viverrini have been
causally related to cholangiocarcinoma.

b. Other parasites, such as Ascaris lumbricoides, have been
implicated in the pathogenesis of cholangiocarcinoma.

c. Observations have raised the possibility that bacterial infections
with Helicobacter species may play an etiologic role in biliary
cancer (Schottenfeld et al; 2006).

2. Inflammatory bowel disease :

a. A strong relationship exists between cholangiocarcinoma and
primary sclerosing cholangitis. Cholangiocarcinoma generally
develops in patients with long-standing ulcerative colitis and
primary sclerosing cholangitis (Chalasani et al; 2000).

b. The lifetime risk of developing this cancer in the setting of
primary sclerosing cholangitis is 10-20%. At increased risk are
patients with ulcerative colitis without symptomatic primary
sclerosing cholangitis and a small subset of patients with Crohn
disease.

3. Chemical exposures :

a. Certain chemical exposures have been implicated in the
development of bile duct cancers, primarily in workers in the
aircraft, rubber, and wood-finishing industries.

4. Cholangiocarcinoma occasionally has developed years after
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administration of the radiopaque medium thorium dioxide.
5. Congenital diseases of the biliary tree, including choledochal

cysts and Caroli disease, have been associated with

cholangiocarcinoma.
6. Other conditions rarely associated with cholangiocarcinoma
include bile duct adenomas, biliary papillomatosis, and alpha ; -

antitrypsin deficiency.

III)Peripheral T-Cell Lymphoma Arising in
the Liver

Secondary liver involvement is common in patients with non-
Hodgkin lymphoma (NHL), detected in up to 50% of patients who
undergo pathologic staging (Lotz et al; 1976&Ferguson et al; 1973).

In contrast, NHL arising in the liver is uncommon, and most cases
are diffuse large B-cell lymphomas that manifest as space-occupying
lesions. Low-grade B-cell lymphomas of mucosa-associated lymphoid
tissue arising in the liver also have been reported and may transform to
diffuse large B-cell lymphoma in some cases (Isaacson et al; 1995&Ye
MQ et al; 2000&Avlonitis et al; 1999).

By contrast, peripheral T-cell lymphoma (PTCL) arising in the
liver is rare. Although patients with PTCL who sought care because of
hepatic symptoms are described, many of these patients had systemic
disease at the time of diagnosis, shown by tissue biopsy, bone marrow
aspiration and biopsy,or radiologic studies (Lei KIK. 1988 &Andreola et
al. 1988&Schweiger F. 2000).

Although some of these NHLs may have arisen in the liver and
subsequently disseminated, it is likely that most of these tumors were

systemic and secondarily involved the liver.
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B) BENIGN TUMOURS:

é Benign focal solid lesions of the liver

I. Cavernous Hemangioma, Liver:

Cavernous hemangioma is the most common primary liver tumor;
its occurrence in the general population ranges from 0.4-20%, as reported

by Karhunen in an autopsy series (Karhunen PJ. 1986).

Cavernous hemangiomas arise from the endothelial cells that line
the blood vessels and consist of multiple, large vascular channels lined by
a single layer of endothelial cells and supported by collagenous walls.
These tumors are frequently asymptomatic and incidentally discovered at
Imaging, surgery, or autopsy. Hemangiomas are uncommon in cirrhotic
livers; the fibrotic process in cirrhotic liver may prohibit their
development (Dodd et al; 1999).

Usually, cavernous hemangiomas occur as solitary lesions;
however, they may be multiple in as many as 50% of patients (Mergo et
al; 1998). No lobar predilection exists, and the tumors may be associated
with focal nodular hyperplasia (Vilgrain et al; 2000). Hemangiomas
typically measure less than 5 cm; those larger than 4-5 cm are sometimes

called giant hemangiomas (Yang et al; 2001&Cappellani et al; 2000).
Pathophysiology:

The natural history of liver hemangioma is not completely
understood. Hemangiomas are probably congenital in origin, and
hereditary factors may play a role in the pathogenesis of some familial
forms of these tumors. Although the growth of hemangiomas is reported
in the literature, ectasia is believed to contribute to lesion enlargement
(Nghiem et al; 1997).
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Moreover, according to the findings in a study by Brancatelli et
al, hemangiomas may become fibrotic and shrink in patients with
progressive cirrhosis, leading to more difficulty with radiologic and

pathologic diagnoses (Brancatelli et al; 2001).
Sex:

A distinct female preponderance has been reported in surgical
series, with a female-to-male ratio ranging from 5:1 to 6:1. However, in
children and in autopsy series, cavernous hemangioma of the liver

affects males and females equally .
Age:

Hemangiomas can occur in individuals of any age. The tumors

frequently occur in middle-aged women.
Presentation:

The vast majority of hemangiomas (as many as 85%) are
asymptomatic; however, hemangiomas may cause symptoms because of
the compression of adjacent structures, rupture, acute thrombosis, or

consumptive coagulopathy (i.e, Kasabach-Merritt syndrome).

Pressure on the stomach and duodenum caused by large
pedunculated hemangioma lesions may cause vague abdominal pain,
early satiety, nausea, and vomiting. Pedunculated hemangiomas may

twist and cause acute abdominal pain (Tran-Minh et al; 1991).

Compression of the inferior vena cava may result in Budd-Chiari

syndrome (Hanazaki et al; 2001).

Acute thrombosis may result in acute inflammatory changes that
cause fever, abdominal pain, and abnormal results in liver function tests
(Pol B et al; 1998).
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Spontaneous or posttraumatic rupture is a catastrophic
complication that occurs in about 1-4% of hemangiomas; this condition
has a considerable mortality rate, as high as 60% (Cappellani et al;
2000).

Preferred Examination:

Most patients with liver hemangioma are asymptomatic. Clinical

findings usually do not contribute to the diagnosis.

Laboratory test results may suggest anemia, and reduced
hematocrit levels may be present in patients who have ruptured

hemangiomas.

In patients who have giant hemangiomas that are associated with
Kasabach-Merritt syndrome, bleeding and clotting laboratory parameters

may be abnormal.

Most hemangiomas are incidentally detected on imaging studies.
Ultrasonography is a cost-effective imaging modality for the diagnosis of
a hemangioma. However, computed tomography (CT) scanning and/or

MRI may be required to specifically diagnose a hemangioma.
Radiological findings:
)] Findings in Ultrasonography:

At ultrasonography, hemangiomas appear as well-circumscribed,
uniformly hyperechoic lesions. The increased echogenicity has
been postulated to be caused by multiple interfaces between the walls of
the cavernous spaces and the blood within them (McArdle CR. 1978).

In large hemangiomas, heterogeneous areas are interspersed within
the hyperechoic mass. Atypical features include hypoechoic lesions with
a thin hyperechoic rim or a thick rind and scalloped borders (Vilgrain et
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al; 2000). Note that hemangiomas may appear hypoechoic in fatty livers
(Marsh et al; 1989).

Color power or duplex Doppler ultrasound examinations have a
limited role in the specific diagnosis of hemangioma (Perkins et al;
2000). Occasionally, a kilohertz shift in the low to mid range may be

observed in the peripheral and central blood vessels in the hemangiomas.
I1) Findings in Computed Tomography:

Hemangiomas are enhancing lesions that have characteristic
dynamic features after the administration of contrast material. On
nonenhanced CT scans, hemangiomas appear hypoattenuating relative to
the adjacent liver. Calcification is uncommon; it may be marginal or

central, spotty or chunky (Mitsudo et al; 1995).

During the arterial-dominant phase, small hemangiomas show
intense and uniform contrast enhancement and retain their contrast

enhancement during the portal venous phase (Vilgrain et al; 2000).

Wedge-shaped subcapsular or segmental perilesional enhancement
may be noted adjacent to high-flow hemangiomas. These findings are

possibly due to hemodynamic alterations in the liver (Jeong et al; 2000).

The pattern of a peripheral, discontinuous, intense nodular
enhancement during the arterial-dominant phase with progressive
centripetal fill-in on CT scans is considered pathognomonic for
hemangiomas. Pathologically, the nodular areas consist of small vascular

spaces that are more densely packed than the rest of the lesion.

Atypical features of hemangiomas include the presence of
arterioportal shunts and capsular retraction(Yang et al; 2001&Shimada et
al;1994). Rarely, a centrifugal pattern of contrast enhancement is seen
(Kim et al; 2000).
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Degree of Confidence:

A globular enhancement pattern on CT scans (analogous to
contrast-agent puddling on angiograms) is considered a highly sensitive
(88%) and specific (84-100%) feature of hemangiomas (Leslie et
al;1995&Quinn et al; 1992).

I11) Findings in Magnetic Resonance Imaging:

MRI is more sensitive and specific than other imaging modalities in the
diagnosis of hemangiomas. Hemangiomas appear as smooth, lobulated,
homogeneous, sometimes septated, hypointense lesions on T1-weighted
images. On T2-weighted images, they appear hyperintense relative
to the liver (ie, more pronounced on fast spin-echo images), and they
remain as bright as cerebrospinal fluid or bile with increased echo time
(TE) (McFarland et al; 1994).

Rarely, the imaging features of heavily fibrotic (hyalinized)
hemangiomas can be mistaken for those of metastases (Cheng et al;
1995). With the injection of contrast material (gadolinium chelates),
lesions typically demonstrate peripheral nodular enhancement with

progressive, centripetal fill-in that usually appears after 5-30 minutes.

Large hemangiomas may appear cystic on images as a result of
recurrent hemorrhage or myxomatous degeneration. In some
hemangiomas, MRI may demonstrate fluid-fluid levels due to the
sedimentation of blood products. The supernatant layer consists of
unclotted serous blood, and the sediment consists of red blood cells.
Definitive diagnosis is often difficult (Soyer et al; 1998).

Degree of Confidence:

MRI is more sensitive and specific than other imaging modalities

in the diagnosis of hemangiomas. On the basis of liver hemangioma
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characteristics on T2-weighted images (both morphologic and
quantitative T2 values), MRI has a sensitivity of 100%, a specificity of

92%, and an accuracy rate of 97%.

Hemangiomas that show early, homogeneous contrast
enhancement on dynamic CT scans and/or MRI may be mistaken for
other hypervascular liver tumors such as hepatoma, focal nodular

hyperplasia, adenoma, and hypervascular metastases.

The absence of a history of cirrhosis and/or primary malignancy is
an important factor in diagnosing hemangioma. The characteristic
features of a hemangiomaon dynamic CT scans,red blood
cell scintigraphy, and/or MRI permit confident diagnosis in more than
95% of cases.

IV) Findings in Nuclear Imaging:

Red blood cell-tagged technetium-99m (**"

Tc) scintigraphy with
single photon emission CT (SPECT) scanning permits a specific

diagnosis of hemangiomas (El-Desouki et al; 1999).

The lesions characteristically show decreased activity on early

dynamic images and delayed filling from the periphery of the lesion.
Degree of Confidence:

The reported sensitivity is 97%, specificity 83%, and accuracy 96%
forred blood cell-tagged®™™ Tc scintigraphy in the diagnosis of
hemangiomas.

V)  Findings in Angiography:

At angiography, the feeding vessels of the hemangioma are of
normal caliber, except those in the large tumors. During the late

arterial/hepatic parenchymal phases, a dense, nodular pattern of
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opacification of the dilated vascular spaces persists into the venous phase
(Kadir S; 1986).

Degree of Confidence

Although hemangiomas have characteristic angiographic features,
the use of angiography is not warranted in the diagnosis of hemangioma,
given the diagnostic capabilities of less invasive techniques, such as

helical CT scanning and MRI.
Differential Diagnoses:

= Focal Nodular Hyperplasia.

= Hepatocellular Carcinoma.

= Liver Metastases.
Other Problems to Be Considered

= Hepatoma.

=  Adenoma.

= Hypervascular metastases.
Treatment:

Most hemangiomas are asymptomatic and treated conservatively
with watchful expectancy. Absolute indications for surgery include
rupture, a rapid change in size, and the presence of Kasabach-Merritt
syndrome (Hochwald et al;2000&Gedaly et al;1999).

Large symptomatic hemangiomas are a relative indication for
surgery. Surgical enucleation with blunt dissection is the preferred
surgical technique. In symptomatic patients who are poor surgical
candidates, transcatheter embolization is an attractive alternative
(Cappellani et al;2000&Kadir S;1986).
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Imaging:

Hemangioma: C71

Homopenenus enhancement

Fig. 5: Contrast-enhanced computed tomography (CT) scan that was
obtained during the arterial-dominant phase. This image demonstrates a

hemangioma with homogeneous and intense contrast enhancement.

Hemangioma: MR
TIWI & Duaal-echo T2WI

Fig. 6: Magnetic resonance image (MRI) of a hemangioma. The lesion
appears as a hypointense mass on Tl-weighted MRIs (T1WI) and as a
hyperintense mass on dual-echo T2-weighted MRIs (T2WI). Note that
the signal intensity of the lesion is similar to that of the adjacent

cerebrospinal fluid.
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Hemanmoma: Gd-MRI

ressive centnipetal enhancement

Fig. 7: Dynamic gadolinium (Gd)-enhanced magnetic resonance images
(MRIs). These images demonstrate the progressive, centripetal contrast

enhancement in a hemangioma.

Hemangioma: US
Crray Scale & Doppler sonogram

— —

Fig. 8: Gray-scale and Doppler ultrasonographic (US) images. These
sonograms show a well-defined, uniformly hyperechoic liver mass with

peripheral feeder vessels that are characteristic of a hemangioma.

46



II. Focal Nodular Hyperplasia:

Focal nodular hyperplasia (FNH) is the second most common
tumor of the liver, surpassed in prevalence only by hepatic hemangioma
(Craig et al; 1980).

FNH is believed to occur as a result of a localized hepatocyte

response to an underlying congenital arteriovenous malformation.

FNH is a hyperplastic process in which all the normal constituents
of the liver are present but in an abnormally organized pattern. Results of
liver function tests in these patients usually are within the reference

range.

The use of contraceptive agents has not been implicated in the
pathogenesis of FNH, but their use is associated with an increased rate of
complications in patients with FNH, and they may be a factor in the

development of FNH.

In symptomatic females, hemorrhagic foci or infarctions may occur
within the FNH; these are aggravated by administration of contraceptive
agents. The rare complication of a spontaneous rupture into the

peritoneum has also been associated with contraceptive use.

In most patients, the clinical course is silent, and FNH is
incidentally discovered during cross-sectional imaging, angiography,

radionuclide liver scanning, or surgery.

Most cases of FNH occur as a solitary lesion (80-95%), but

multiple lesions may occur (Wanless et al; 1989).

Malignant transformation of FNH has not been reported. FNH
must be differentiated from a fibrolamellar variant of hepatocellular

carcinoma, with which it shares imaging and gross features.
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Pathophysiology:

FNH is not a true neoplasm, but it probably represents a local
hyperplastic response of hepatocytes to a congenital vascular anomaly
(Wanless et al; 1985). It is a proliferation of normal, nonneoplastic
hepatocytes that are abnormally arranged. Supporting this hypothesis is
the fact that FNH is found in association with cavernous hemangiomas, as
well as other vascular malformations of other organs and neoplasms of
the brain (Wanless. 1990&Ndimbie et al;1990&Rhodes et al;1978).

Intermediate lesions (ie, lesions with characteristics of both
cavernous hemangiomas and FNH) have been reported (Ndimbie et
al;1990). A rare transitional lesion that has been reported as a mixed
hamartoma and found most often in infants and children has similarities
to both FNH and hemangioma (Craig et al; 1980&Saul SH. 1994).

It is hypothesized that a congenital vascular malformation (either
an arteriovenous shunt or localized hyperperfusion) triggers focal

hepatocellular hyperplasia.

On pathologic examination, anomalous arterial branches,
unaccompanied by portal venous branches, have been seen feeding the
numerous small lobules that constitute the FNH lesion (Wanless et al;
1985). As with hyperplasia and hypertrophy seen around vascular

malformations in the extremities, hepatic hyperplasia is seen in the liver.

FNH is a localized, well-delineated focal lesion, not a diffuse mass,
within an otherwise normal liver. In 80-90% of patients, the FNH lesion
Is solitary, and the macroscopic appearance is a highly characteristic
finding. While FNH has no capsule, it tends to be a fairly well

marginated, lobulated, subcapsular mass.
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On naked-eye examination of a gross pathologic specimen, the
lesion is often lighter than the surrounding liver tissue. In some patients,
FNH bDblends in with normal liver tissue, so that distinguishing
surrounding normal liver tissue from FNH may be difficult if a gross

pathologic specimen is used.

on a cut specimen; the lesion appears as a central stellate scar with
radiating fibrous septa dividing the tumor into lobules. The central scar
contains an arterial malformation with spiderlike branches supplying the

component nodules.

Results of microscopic examination confirm that the central
stellate scar is associated with radiating fibrous septa dividing the
hyperplastic nodules into smaller units. The tumor is composed of
multiple spherical aggregates of hepatocytes, which often contain
increased amounts of fat (triglycerides) and glycogen. Proliferation of the
biliary structures is marked, and they are surrounded by inflammatory

cells, primarily at the periphery of the fibrous septa.

Bile duct proliferation shows no connection to the biliary tree.
Arteries in the fibrous septa have thick walls; this change is associated
with intimal and medial fibromuscular hyperplasia of the larger arteries.
Sinusoidal dilatation and, occasionally, hemorrhagic foci and areas of
infarction are seen. Kupffer cells are usually present in the lesion; in fact,
the lesions may have a concentration of them higher than that of normal

liver tissue.
Frequency:

FNH is the second most common benign hepatic tumor (after
hemangioma), constituting about 8% of primary hepatic tumors in an
autopsy series (Craig et al; 1980).
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Mortality/Morbidity:

Mortality and morbidity are related to hepatic surgery; surgery is
occasionally performed in patients who are symptomatic or in patients in
whom imaging findings are equivocal. The natural morbidity resulting
from the lesions is low, and no deaths due to FNH have been reported, at

least to our knowledge.
Sex:

FNH is found most commonly in women (80-95% of cases) in their
third and fourth decades of life.

Age:

FNH is found most commonly in the third and fourth decades of

life. However, cases can be seen in childhood or late adulthood.

Presentation:

In 50-80% of cases, FNH is detected as an incidental finding at
autopsy, by laparotomy,or during radiologic investigation (Saul SH.
1994&Klatskin G.1977&Knowles et al;1978).

Symptomatic patients most often complain of an abdominal mass
(10-15% of all patients) or abdominal pain (Saul SH.1994&Klatskin
G.1977&Knowles et al;1978). The pain is usually caused by larger
lesions, which stretch the liver capsule or have a mass effect on adjacent

organs. Results of liver function tests are usually normal.

Patients using oral contraceptives are more likely to present with
symptoms, because contraceptive use is often linked to tumor hemorrhage
or infarction. The relationship between FNH and the use of oral
contraceptives, however, is often misunderstood, in that FNH itself is not
caused or even associated with the use of oral contraceptives( Knowles et
al;1978&Ishak KG.1979&Kerlin et al;1983).
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We believe that this misconception most likely arose because
hepatocellular adenoma, a neoplasm that has been definitively related to
the use of oral contraceptives, was mistakenly included in early series of
FNH. On the other hand, however, oral contraceptives may promote the
growth of FNH (Craig et al; 1980)&(Ishak KG.1979)

Classification:
Currently, FNH is subdivided into 2 types:

I. Classic (80%).

I1. Nonclassic(20%) (Nguyen et al; 1999).
I. Nonclassic FNH is further divided into 3 subtypes:

1. Telangiectatic FNH,

2. FNH with cytologic atypia,

3. Mixed hyperplastic and adenomatous FNH.
I1. Classic FNH contains all of the 3 characteristics:

1. Abnormal nodular architecture,

2. Malformed vessels, and

3. Cholangiolar proliferation.

Nonclassic FNH contains2 of the3 components but

always includes bile duct proliferation (Nguyen et al; 1999).

Because telangiectatic FNH shares several morphologic patterns
with hepatocellular adenomas, Paradis et al conducted a study in which
they attempted to reclassify telangiectatic FNH by molecular analysis
(Paradis et al; 2004). Their results showed that telangiectatic FNH has a
molecular pattern closer to that of hepatocellular adenomas than to FNH
and suggest thattelangiectatic FNH instead be referred to as

"telangiectatic hepatocellular adenomas."
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Differential Diagnoses:
e Cavernous hemangioma.
e Liver cholangiocarcinoma.
e Hepatic adenoma.

e Hepatocellular carcinoma.
e Metastases.

Radiological Findings:

Although FNH usually has no clinical significance, recognition of
the radiologic characteristics of FNH is important to avoid unnecessary

surgery, biopsy, and follow-up imaging.

) Plain radiographs have little to offer in the diagnosis of FNH.
Radiographs may demonstrate other causes of abdominal pain in
symptomatic patients, including gallstones, nonspecific hepatomegaly,
and other soft-tissue masses. The presence of calcification in a liver
lesion suggests a diagnosis other than FNH because only 1% of patients
with FNH have calcification (Dahnert W. 2006).

Degree of Confidence:

Plain radiography has low specificity and sensitivity in the

diagnosis of FNH.
I1) Findings in Ultrasonography: The US findings of FNH are

variable. The lesion may appear as a homogeneous mass that is isoechoic,
hypoechoic, or hyperechoic. FNH has a mass effect that may displace
intrahepatic blood vessels. Only 18% of patients have a central scar.

Doppler sonograms demonstrate an enlarged afferent blood vessel
with central arterial hypervascularity and centrifugal filling to the

periphery in a spokelike manner. Large draining veins may be seen at the
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periphery of the mass. High-velocity Doppler signals with arterial

pulsatility may be recorded from arteriovenous shunts.

Echo-enhanced Doppler US has a high sensitivity for detection of
the feeding artery and for depiction of the radial vascular architecture in

FNH, especially for lesions that are located in the liver's left lobe.

Power Doppler US has increased sensitivity for FNH and may help
distinguish it from hepatocellular carcinoma. The use of dynamic

contrast-enhanced US is increasingly being used to diagnose FNH.

Ungermann et al used dynamic contrast-enhanced US to study the
presence of a spoke-wheel pattern and the typical symptoms of FNH, in

relation to lesion size, in 28 patients (Ungermann et al; 2007).

According to the investigators, contrast-enhanced US can be the
final diagnostic method for lesions that are larger than 3 cm and have a
typical spoke-wheel structure on contrast-enhanced US. They concluded,
however, that if the spoke-wheel patternis not present and if there is
no central scar, the diagnosis of FNH cannot be made specifically by

contrast enhanced US alone (Ungermann et al; 2007).

Attal et al described the features of US, CT, and MRI regarding
telangiectatic FNH, and they compared the findings with histopathologic
findings in 13 cases of FNH. (Attal et al; 2003). The results of the study
showed that telangiectatic FNH differs from typical FNH on images: the
atypical features that were often observed with telangiectatic FNH were
the lack of a central scar, heterogeneous lesions, hyperintensity on T1-
weighted MRI, strong hyperintensity on T2-weighted MRI, and persistent
contrast enhancement on delayed contrast-enhanced CT or T1-weighted
MRI (Attal et al;2003).

53



Degree of Confidence:

The FNH lesion may be difficult to detect, because it is often
hypoechoic to normal liver tissue. US specificity is low, but the
specificity can be increased with Doppler US and echo enhancement. As
Is the case with other cross-sectional imaging, however, a specific
diagnosis is sometimes not possible because the FNH lesion is similar to

lesions of other benign and malignant diseases.
False Positives/Negatives:

The lesion may be missed entirely if the signal is isoechoic. US
findings of FNH overlap with those of hepatic adenomas and
hepatocellular carcinomas, although the use of Doppler US, particularly
power Doppler and echo-enhanced Doppler US, improves the sensitivity

and specificity.

1) Findings in Computed Tomography: On nonenhanced CT scans,
FNH may appear as an isoattenuating or slightly hypoattenuating mass.
Nonenhanced images are important because FNH may be missed without
a precontrast study. For the optimal evaluation of FNH, a helical CT scan
with a 4-phase study should be performed. This evaluation should include
nonenhanced and hepatic arterial, portal venous, and delayed—phase

examinations (Carlson et al;2000).

After the administration of contrast material, the lesion becomes
hyperattenuating relative to the surrounding liver in the arterial phase;
this occurs approximately 20-30 seconds after the bolus of contrast agent
is administered. In the portal venous phase, 70-90 seconds after the bolus
injection, FNH is less conspicuous and becomes isoattenuating to the rest
of the liver. During the delayed phase, approximately 5-10 minutes after
the bolus injection, FNH is isoattenuating with normal liver.
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In 15-33% of patients, conventional CT scans show the
hypoattenuating stellate central scar with a central core and radiating
fibrous septa. The central scar may become hyperattenuating on delayed
Images because of delayed contrast washout from the scar; however, the
central scar does not go through a hypoattenuating phase on helical CT
scans. The scar is demonstrated as a hyperattenuating region in the portal
venous phase. The central artery traversing the central scar may show

early enhancement in the arterial phase.
Degree of Confidence:

When characteristic features are seen in the appropriate clinical
setting, a fairly confident diagnosis can be made. Unfortunately, CT
features of other benign and malignant lesions can mimic those of FNH.
Because of the nature and pathogenesis of FNH, it is difficult to obtain an
accurate diagnosis of FNH on the basis of the clinical presentation and

radiographic studies.
False Positives/Negatives:

Although triple-phase CT scanning accurately characterizes most
FNH lesions, CT findings are not as definitive in some patients with
FNH. Rarely, a false-positive diagnosis of FNH may occur with
fibrolamellar hepatocellular carcinoma as well as other well-

differentiated variants of hepatocellular carcinoma.

IV) Findings in Magnetic Resonance Imaging: FNH usually displays
a homogeneous signal intensity on MRIs. In 94-100% of FNH patients,
the FNH lesion is isointense to hypointense on T1-weighted images; in
6%, the signal intensity on T1-weighted images may be hyperintense;
and on T2-weighted images, the lesion is slightly hyperintense to
isointense in 94-100% of patients. The central scar of FNH is hypointense

on T1-weighted images, but on T2-weighted images, the central

55



scar shows a variable signal-intensity pattern. On T2-weighted images,
the scar appears hyperintense in 75% of patients and hypointense in 25%
of patients (Dahnert W. 2006).

After the administration of a gadolinium-based contrast agent, the
enhancement pattern parallels that of contrast-enhanced CT. Dense
enhancement is seen in the arterial phase, and the lesion becomes
isointense during the portal venous phase and isointense on delayed
images. Late and prolonged enhancement of the central stellate scar
occasionally occurs.

MRI findings are not pathognomonic for FNH, but the use of MRI
reticuloendothelial agents, such as superparamagnetic iron oxide (SP10)
and ultrasmall superparamagnetic iron oxide (USPIO), increase the
specificity. On SPIO-enhanced T2-weighted images, FNH shows
decreased signal intensity because of iron uptake by Kupffer cells. This
finding is not specific to FNH, because hepatocellular adenoma and
hepatocellular carcinoma also may contain Kupffer cells.

Degree of Confidence:

The MRI findings in patients who have FNH are not
pathognomonic for the disease. However, the use of MRI
reticuloendothelial agents, such as USPIO and SPIO, can increase MRI's
specificity. In the diagnosis of FNH, MRI has a sensitivity of 70% and a
specificity of 98% (Dahnert W. 2006).

False Positives/Negatives:

A false-positive diagnosis of FNH may occur with fibrolamellar
hepatocellular carcinoma and other well-differentiated forms of
hepatocellular carcinoma. On SPIO-enhanced T2-weighted images,
hepatocellular adenoma and hepatocellular carcinoma can also show

decreased signal intensity, because Kupffer cells may be present.
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V)  Findings in Nuclear Imaging: The best imaging modalities for
characterizing FNH are those modalities that can delineate the lesion's
central scar or can show Kupffer cell activity. The best modalities for
identifying the central scar are CT and MRI, and Kupffer cell activity is
best demonstrated by radionuclide scans. In the future, however, MRI

superparamagnetic contrast agents may challenge radionuclide scanning.

Detection of Kupffer cells in FNH has historically been

99m

achieved using technetium-99m (" Tc) sulfur colloid scanning. In 60-

70% of FNH patients, these scans show normal or increased uptake of*™
Tc sulfur colloid. In 30-40% of patients, Kupffer cells are not sufficiently
concentrated in the FNH lesion; the lesion may even be photon deficient

(Dahnert W. 2006).

The uptake of®®™ Tc — hepatoiminodiacetic acid (HIDA) may be
normal to increased in 40-70% of patients, but the lesion may be photon
deficient in as many as 60% of patients. With®™ Tc-tagged RBCs, uptake
Is increased during the early phase, followed by decreased uptake
(Dahnert W. 2006).

Degree of Confidence:

%M T¢ sulfur colloid uptake in patients with FNH depends on the
concentration of Kupffer cells in the FNH lesion. Unfortunately, other
hepatocellular neoplasms, such as a hepatocellular adenoma and
hepatocellular carcinoma, can also have Kupffer cells and demonstrate®™

Tc sulfur colloid uptake.
False Positives/Negatives:

Hepatic adenoma, hemangioma, hepatoblastoma, liver herniation,
and hepatocellular carcinoma can give rise to similar appearances on*™

Tc sulfur colloid scans.
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V1) Angiography Findings: Angiographic findings demonstrate a
discretely marginated mass. When the mass is small, the arteries
supplying the mass break up into small branches, which appear to
permeate the FNH and form a reticular pattern. These branches are not
dilated, but the overall impression is that of increased vascularity.
Vascularity may be decreased within the central stellate scar. In the
parenchymal phase, a fine, homogeneous granularity is demonstrated,

with an occasional lucent ring around the mass.

In large tumors, the dilated main feeding artery perforates the
center of the tumor. Peripheral arteries arise from the central artery,

arranged in a spoke-wheel pattern.
Degree of Confidence:

Although the typical angiographic findings are present in only 33%
of patients, the diagnosis of FNH may still be suggested (Dahnert

W. 2006). FNH may instead appear similar to an adenoma.
False Positives/Negatives:

Only 33% of patients have the characteristic findings of FNH;
therefore, lesions may be missed, or an incorrect diagnosis, such as a
hepatocellular adenoma, may be derived in up to 67% of patients
(Dahnert W. 2006).

Intervention:

Surgery is occasionally performed in patients who are symptomatic

or in patients in whom imaging findings are equivocal.

Shen et al explored the diagnosis and treatment of FNH by
studying 86 patients with a diagnosis of FNH that was confirmed
pathologically between 1999 and 2006 (Shen et al; 2007).
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In 80 of the patients, there was a solitary focus; and in 6 patients,
there were multiple foci. In 69 patients, the diameter of the tumor was
less than 5 cm; in 15 patients, the tumor diameter was 5-10 cm; and in 2
patients, the diameter of the tumor was greater than 10 cm (Shen et al;
2007). Overall, a correct preoperative diagnosis was made in 59.3% of
patients (51/86). Doppler color flow imaging provided a correct
preoperative diagnosis in 32.9%, CT in 60.3%, and MRI in 77.4%.

All  of the patients underwent tumor resection, and

all displayed good curative results (Shen et al; 2007).

The investigators concluded that CT and MRI are both important
methods for diagnosing FNH but that it is difficult to make a definitive
preoperative diagnosis for partial classic and for all nonclassic cases of
FNH. As a result of their findings, Shen et alsuggested that
patients undergo tumor resection if they have clinical symptoms or have

an indefinite diagnosis (Shen et al; 2007).
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Fig. 9: Dynamic MRIs in a 36-year-old woman referred for a gallbladder
sonography, during which the patient was found to have a vague ill-
defined hypoechoic mass in the right lobe of the liver (not shown). (Top
left) Gadolinium-enhanced T1-weighted MRI demonstrates an ill-defined
low-signal-intensity mass. (Top right) The mass enhances intensely in
the arterial phase after the administration of contrast medium. (Bottom
left) Minor enhancement persists in the portal venous phase. (Bottom
right) The lesion becomes isointense relative to the liver on delayed

images.

Fig. 10:

a. Longitudinal sonogram through the liver and gallbladder in a 38-
year-old woman referred for a gallbladder scanning. Image shows an ill-

defined hyperechoic mass in the right lobe of the liver.

b. Longitudinal sonogram (more medial section than in Image 2) in
a 38-year-old woman referred for a gallbladder scanning. Sonogram
shows mass effect from the tumor, as demonstrated by the arching of the

portal vein anteriorly.
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Fig. 11: Enhanced axial CT scan through the liver in the arterial phase in
a 38-year-old woman referred for gallbladder scanning. The mass

demonstrates intense enhancement.

Fig. 12: Delayed portal venous phase enhanced axial CT scan in a 38-
year-old woman referred for gallbladder scan. Image shows stretching of

the portal vein and the right hepatic vein around the mass (M).

Fig. 13: Technetium-99m sulfur colloid scans in a 38-year-old woman

referred for gallbladder scan.
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Fig. 14: Focal nodular hyperplasia in a 31-year-old woman who
presented with abdominal pain.

(a) T1-weighted spin-echo (spoiled gradient-echo) MR image of
the liver shows a large, isointense mass (arrows) almost completely

replacing the lateral segment of the left hepatic lobe.

(b) On a T1l-weighted arterial-phase MR image obtained after
intravenous bolus injection of gadopentetate dimeglumine, the lesion

demonstrates homogeneous bright enhancement.

(c) Ti-weighted 5-minute delayed-phase MR image shows

enhancement of the central scar (arrow).

(d) On a T2-weighted MR image, the focal nodular hyperplasia
shows mild hyperintensity relative to the background liver. The central

scar appears hyperintense.
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III. Hepatic adenoma

Hepatic adenoma is a rare, benign tumor of the liver (Micchelli et
al; 2008& Ibrahim et al; 2007). Since the 1960s, a dramatic increase in
the incidence of the disease has occurred; this increase is attributed to the

advent of oral contraceptive pills (OCPs).

Patients taking higher potency hormones, patients of advanced age,
or patients with prolonged duration of use have a significantly increased
risk of developing hepatocellular adenomas. Currently, decreases in
dosages and the types of hormones contained in OCPs have led to a
reduction in incidence (Klatskin G; 1977&Rooks et al; 1997).

Two types of hepatic adenoma have been identified, including:

% Adenomas of bile duct origin: usually smaller than 1 cm and are not
of clinical interest; typically, they are found incidentally on

postmortem examinations.

% Adenomas of liver cell origin: larger on average, they measure 8-15
cm and are often clinically significant (Herman et al; 2000&Kume et
al; 1997).

Pathophysiology:

Histologically, sheets of well-differentiated hepatocytes
characterize hepatic adenomas. The hepatocytes contain fat and glycogen
and can produce bile; however, no bile ducts are present. A characteristic
lack of portal vein tracts and terminal hepatic veins is noted. Most hepatic

adenomas do not contain Kupffer cells.

Hepatocellular adenomas are tan in color, smooth, well
circumscribed, fleshy in appearance, and vary from 1-30 cm in size. They
have large blood vessels on the surface, and the lesions may outgrow

their arterial blood supply, causing necrosis within the lesions.
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A fibrous capsule may be present or absent; if absent, this may

predispose to intrahepatic or extrahepatic hemorrhage.

Most hepatocellular adenomas present as solitary lesions in the
lobe of the liver; however, tumors do occur in both the right lobe and the

left lobe, and up to 20% of cases involve multiple lesions.

The pathogenesis is thought to be related to a generalized vascular
ectasia that develops due to exposure of the vasculature of the liver to
oral contraceptives and related synthetic steroids. Estrogen may exert an
influence via estrogen receptors on hepatocytes. However, this remains

controversial (Baum et al; 1973).

Adenomas also have been associated with diabetes mellitus and
glycogen storage disease (GSD), leading to speculation as to whether
imbalances between insulin and glucagon also play a role. Patients with
GSD are more likely to present with multiple lesions. Lesions associated
with GSD often appear in younger patients (early third decade of life) and

have a male-to-female ratio of 2:1.

In this group, the abnormal amounts of stored glycogen may have
some effect, perhaps oncogene stimulation. Insulin and glucagon appear
to play a larger role because GSD-related adenomas have been reported

to seemingly disappear with dietary manipulation.

A distinct pathologic entity known as hepatic adenomatosis has
been identified. Although overlap is possible, adenomatosis is generally
defined as the presence of more than 10 adenomas within the liver in the
absence of steroid use or by persistence after steroid withdrawal.
Adenomatosis affects both men and women and is associated with

elevations of alkaline phosphatase (Lee RG; 1994).
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Frequency:

Although hepatic adenomas may be idiopathic, the lesions are most
often seen in young women who use oral contraceptives (Micchelli et al;
2008&Ault et al; 1996&Gyorffy et al; 1989).

The incidence among long-term users of oral contraceptives is
approximately 4 cases per 100,000 (Rooks et al; 1979). In women who
do not use oral contraceptives or have used them for less than 2 years, the

incidence is 1 case per million.

In addition, the incidence of hepatic adenomas is increased in
patients with  glycogen storage disease, diabetes mellitus,
hemochromatosis, or acromegaly, galactosemia, beta-thalassemia, or
tyrosinemia as well as in males using anabolic steroids (Reddy et al;
1993). Case reports by Hill et al indicated that hepatic adenoma is also an

unusual complication of pregnancy (Hill et al; 1997).
Mortality/Morbidity:

Hepatic adenomas may rupture and bleed (20%) causing right
upper quadrant pain (Casillas et al; 2000&Welch et al; 1989); rarely,

rupture may lead to hemorrhagic shock.

Although they are benign lesions, hepatic adenomas can undergo
malignant transformation (13%) to hepatocellular carcinoma (HCC)
(Micchelli et al; 2008&Gyorffy et al; 1989). Malignant transformation is
rare, but for this reason, surgical resection is advocated in most patients
with presumed hepatic adenomas (lbrahim et al; 2007&Herman et al;
2000&Ault et al; 1996).

Pregnancy has been associated with hepatic adenoma, and rupture
of the adenoma during pregnancy has been associated with high rates of

maternal and fetal mortality.
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Race:
No known racial predilection for hepatic adenomas exists.
Sex:

In a retrospective analysis of 437 patients with liver tumors, 44
patients had hepatic adenoma (Weimann et al; 1997). Of these patients, a

male-to-female ratio is 1: 3.9 (9 men and 35 women).
Age:

In the same study, the mean patient age was 34 years (15-64 y) in

those affected by hepatic adenoma (44 patients) (Weimann et al; 1997).

Presentation:

Although benign, hepatic adenomas can present a diagnostic
challenge because the lesions can be difficult to distinguish from other
benign or malignant hepatic tumors. Clinically, patients with hepatic
adenoma may be asymptomatic, and lesions may be found incidentally
during laparotomy or when radiologic studies are performed. Salient
features of the history and physical examination may include the

following:
a) History:

* Pain in the right upper quadrant or epigastric region is common,

occurring in 25-50% of patients with hepatocellular adenomas.

* Lesions may be noticed by patients as a palpable mass. Lesions
may also be discovered incidentally during an abdominal imaging
study for an unrelated reason.

* History of birth control or anabolic steroid use should be elicited in
patients with suspected hepatocellular adenomas (Gyorffy et al;
1989).
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* Patients may also present with severe, acute abdominal pain with
bleeding into the abdomen, which results in signs of shock (e.g.,

hypotension, tachycardia, and diaphoresis).

* Hemoperitoneum occurs more frequently if the patient is taking a
high-dose OCP, is actively menstruating or pregnant, or is within 6
weeks postpartum. Location of the lesion also is important, with
those near the surface of the liver more prone to causing

hemoperitoneum (Mortele et al; 2002).
b) Physical examination:

The physical examination findings are often nonspecific. Patients
may be asymptomatic, or they may appear ill, with pallor and abdominal

distress. Palpable tender or non tender mass in the right hypochondrium.
¢) Findings consistent with hemorrhage:

Vital signs: *Tachycardia *Hypotension *Orthostasis.
d) Head, ears, eyes, nose, and throat (HEENT) examination:

*  Anicteric sclera (Jaundice has been reported due to compression of

the biliary tree by the tumor.).
* Possible pale conjunctiva, if hemorrhage has occurred.
* Cardiovascular findings - Tachycardia if actively bleeding.
e) Abdominal findings:
* Possible right hypochondrial mass with or without tenderness.
* Possible fluid wave in cases of hemoperitoneum.

* Possible peritoneal signs, including guarding or rebound in cases of

tumor rupture.

f) Skin findings: Possible Grey-Turner sign or Cullen sign in

cases of hemoperitoneum.
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Differential Diagnoses:

O

O

O

O

O

Cholangiocarcinoma.

Colon Cancer,Adenocarcinoma.
Hepatic Carcinoma,Primary.
Malignant Melanoma.

Metastatic Cancer, Unknown Primary Site.

Other Problems to Be Considered:

O

O

O

O

O

Echinococcal cyst.

Focal fatty change.

Focal nodular hyperplasia.
Hepatoblastoma.
Inflammatory pseudotumor.
Leiomyosarcoma.
Lymphoma.

Nodular regenerative hyperplasia.

Laboratory Studies:

Serologically, hepatocellular adenomas are a diagnosis of

exclusion. No specific serologic studies exist.

Serum aminotransferase (aspartate aminotransferase [AST]/alanine
aminotransferase [ALT]) levels are mildly elevated in

approximately 50% of patients, due to the mass effect of the tumor.

Serum alpha-fetoprotein (AFP) levels are within the reference
range in patients with hepatocellular adenoma. Elevations are noted
in 50% of HCC cases. Thus, finding an elevated AFP represents

either a primary carcinoma or an adenoma that has undergone
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malignant transformation. An AFP level within the reference range

does not eliminate HCC from the differential diagnosis.

» Elevated carcinoembryonic antigen (CEA) levels suggest

metastasis from the colon.

= Serologies for amoebiasis and echinococcus should be considered

if the lesion appears cystic.
Preferred Examination:

A combination of multiphasic CT scans and gadolinium-enhanced
MRI is best to identify most hepatic lesions. Certain characteristics, such
as arterial enhancement and the presence of fat and hemorrhage, suggest
that the lesion represents hepatic adenoma. If an enhancing central scar is
seen, the diagnosis of FNH can be made. Nuclear medicine studies can
also be helpful. Most hepatic adenomas do not demonstrate uptake on

sulfur-colloid and gallium-67 (°" Ga) scans (Wojtowycz et al; 1995).
Limitations of Techniques:

Although CT scanning, MRI, and nuclear medicine studies may
help characterize lesions as adenomas, the findings are frequently

nonspecific, and biopsy and/or resection may be necessary.
Radiological Findings:

Usually, plain radiographs of the abdomen provide no findings to
suggest the diagnosis of hepatic adenoma. The liver is usually normal in
size. Rarely, coarse calcifications may be seen in the right upper quadrant

on radiographs, but this finding is nonspecific.
I) Findings in Ultrasonography:

On ultrasound, hepatic adenomas demonstrate variable

echogenicity. The lesions may be hypoechoic, isoechoic, or hyperechoic
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relative to liver parenchyma. Usually, differentiating hepatic adenomas
from other liver lesions such as FNH or HCC is not possible based on

either gray scale or Doppler ultrasonographic characteristics.

The primary role of ultrasound is to screen patients with hepatic
masses that are discovered incidentally or who have a clinical history of
abnormal liver function test results. Further imaging is then indicated

using MRI, CT scanning, and/or nuclear medicine.

Morin et al, however, report that ultrasound can be used with
specific contrast media and specialized imaging techniques to fully
characterize the enhancement pattern of hepatic lesions, which, the
authors indicate, are similar to that achieved with contrast-enhanced,
multiphasic CT scanning and MRI (Morin et al; 2007).

I1)Findings in Computed Tomography:
Hepatic adenomas are often discovered incidentally on CT scans

that are performed for other reasons. Once identified, a multiphasic CT

scan should be performed to better characterize most hepatic tumors.

X/

+ On CT scans, most lesions (90% according to Ichikawa et al; 2000)
show homogeneous enhancement in the hepatic arterial phase.
Unfortunately, this feature is not specific to hepatic adenomas,
because HCC, hypervascular metastases, and FNH can demonstrate

similar enhancement in the hepatic arterial phase.

+» Because hepatic adenomas are histologically composed of uniform
hepatocytes, most are isoattenuating relative to the healthy liver tissue

on nonenhanced scans in the portal venous phase.
« In afatty liver, hepatic adenomas usually are hyperattenuating.
% Hemorrhage is seen as an area of high attenuation in 40% of patients.
¢ Fat deposition within adenomas is identified on CT scans in only
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approximately 7% of patients.

s Typically, hepatic adenomas have well-defined borders and do not

have lobulated contours.

A low-attenuation pseudocapsule can be seen in as many as 25% of

patients.
+» Coarse calcifications are seen in only 5% of patients.
Degree of Confidence:

Because conventional hepatocellular carcinoma (HCC) can contain
fat and areas of hemorrhage, differentiating hepatic adenoma from HCC
is difficult. In the presence of CT scan, signs of portal hypertension and
cirrhosis, the diagnosis of HCC is favored, as is the case in the presence

of an elevated alpha-fetoprotein level.

As both hepatic adenomas and hypervascular metastases
demonstrate intense enhancement on arterial phase imaging,
differentiation between them is difficult. The presence of multiple lesions
favors a diagnosis of metastatic disease; however, hepatic adenomas can
also be multiple, which is termed hepatic adenomatosis. The presence of

a primary neoplasm, also favors a diagnosis of metastatic disease.

Although hepatic adenoma and FNH have some similarities
clinically and radiologically, certain imaging features can reliably
distinguish them. Clinically, both tumors appear in young women. On
Imaging, hepatic adenoma and focal nodular hyperplasia are usually
hypervascular in the hepatic arterial phase. In addition, both tumors
usually are isoattenuating relative to the liver on the portal venous phase
and on unenhanced images. The presence of a central scar is probably
the most reliable discriminating feature.
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False Positives/Negatives:

Significant overlap is noted between the CT scan appearances of
hepatic adenoma, HCC, FNH, and hypervascular metastases, making a

definitive diagnosis based on CT imaging criteria alone difficult.
1) Findings in Magnetic Resonance Imaging:

Some MRI findings of adenomas are similar to CT findings;

however, MRI is usually more sensitive in detecting fat and hemorrhage.

+ On T1l-weighted images: Hepatic adenomas tend to be hyperintense
or isointense relative to the liver tissue (Paulson et al; 1994). High
signal intensity probably relates to the presence of fat or, less
commonly, to hemorrhage within the lesion. Chemical-shift imaging
that shows loss of signal on out-of-phase images can confirm the
presence of fat. HCC contains fat in as many as 40% of lesions;

therefore, the presence of fat does not help differentiate the lesions.

+ On T2-weighted images: Hepatic adenomas are most often slightly
hyperintense relative to liver tissue. This finding is not specific because

many hepatic lesions, including HCC and metastases, are hyperintense.

+» Heterogeneity, defined as any difference of a signal within a lesion on
T1-weighted or T2-weighted images. Heterogeneity relates to the
presence of either hemorrhage or necrosis. This finding is not
specificas HCC and metastases can bleed and become necrotic.

Although uncommon, FNH also can be hemorrhagic.

+» A peripheral rim corresponding histologically to a pseudocapsule is
seen in 17-31% of patients. Signal characteristics of the rim are
variable. Most often, the peripheral rim, when seen, is of low signal
intensity on T1-weighted images, is of variable intensity on T2-

weighted images, and usually does not enhance.
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s After gadolinium administration, the pattern of enhancement is similar
to that of CT scans. Most hepatic adenomas show intense enhancement
in the arterial phase and are isointense relative to the liver tissue on

delayed imaging.

+*» Hepatic adenomas, unlike FNH, do not have a central scar. If a low
signal intensity scar is seen on T1-weighted images and the scar
enhances after gadolinium is administered, the diagnosis of FNH is
strongly favored. A central scar has never been reported in a hepatic

adenomas.

*» Mangafodipir trisodium (formerly termed Mn-DPDP) is a
hepatobiliary MRI contrast agent that is taken up by hepatocytes and
excreted into bile. Because hepatic adenoma, FNH, and HCC all
contain hepatocytes, they may demonstrate enhancement with this
agent. Metastases and hemangiomas do not contain hepatocytes and do
not enhance; therefore, this agent can help differentiate hepatic

adenoma, which enhances, from metastases, which do not enhance.

*» Venkatesh et al assessed the potential for MR elastography (MRE) to

characterize solid liver tumors (Venkatesh et al;2008).
Degree of Confidence:

Generally, on routine MRI of the liver using T1-weighted, T2-
weighted, chemical-shift, and dynamic gadolinium-enhanced imaging,
certain hepatic masses can be diagnosed with confidence, whereas others
cannot. If a hepatic mass contains a low signal central scar on T1-
weighted images that enhance after gadolinium administration, the
diagnosis of FNH is fairly certain.

However, overlap exists in the imaging of hepatic adenomas, HCC,

and hypervascular metastases such as melanoma. Clinical correlation in
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such cases is most helpful. A history of cirrhosis and high alpha-
fetoprotein levels favor an HCC diagnosis. A history of melanoma or
other primary tumors favors the diagnosis of metastases. In otherwise
healthy young women using oral contraceptives, Patients with glycogen
storage disease, hemochromatosis, or acromegaly, as well as males on

anabolic steroids, the diagnosis of hepatic adenoma is favored.
False Positives/Negatives:

Although most hepatic adenomas are hyperintense relative to
normal liver on T1-weighted images, this is not a specific finding. Other
hepatic masses, such as HCC, melanoma, metastases, and protein

material in hepatic abscess cavities, can be hyperintense as well.
I11) Findings in Nuclear Imaging:

A combination of radiotracers may help make the diagnosis of

hepatic adenomas in equivocal cases.

< On® Ga scans, hepatic adenomas demonstrate decreased uptake
compared with healthy liver tissue, which can be explained by the
benign nature of the cells. In contrast, hepatocellular carcinoma

(HCC) often demonstrates equivocal or greater®” Ga uptake than liver.

+» Because hepatic adenomas usually have few or absent Kupffer cells,
the lesions show focal defects on sulfur-colloid liver-spleen scans.
However, an occasional hepatic adenoma contains enough Kupffer
cells to demonstrate normal uptake of sulfur colloid. HCC almost
always appears as defects on sulfur-colloid scintigraphy
because HCC lacks Kupffer cells. In contrast, FNH contains Kupffer

cells and usually demonstrates uptake of sulfur colloid.

« When hepatobiliary agents are used, hepatic adenomas usually

demonstrate early uptake with subsequent retention of the radiotracer
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because hepatic adenomas do not contain bile ducts; thus, the
radiotracer is not excreted by the lesion, which remains "hot" on
delayed images. This is in contrast to HCC, which shows focal

defects on early scans.

The use of positron emission tomography (PET) scanning
with fluorine-18-fluorodeoxyglucose (**FDG) is useful in the
evaluation of many tumors. Malignant tumors usually show uptake

of'® FDG, whereas benign tumors do not (Patel et al; 1997).

When hepatic adenoma is radiologically indistinguishable from HCC
and FNH, a combination of radionuclide imaging, including sulfur-
colloid,*” Ga, and technetium-99m (*™ Tc) pyridoxyl-5-
methyltryptophan (PMT) uptake, may help establish the correct
diagnosis. Most hepatic adenomas demonstrate decreased ® Ga
uptake, decreased sulfur-colloid uptake, and early and retained uptake

of hepatobiliary agents.

Degree of Confidence:

Most hepatic adenomas demonstrate decreased ® Ga uptake,

decreased colloid uptake, early and retained uptake of hepatobiliary

agents, and no uptake on PET scanning; therefore, the diagnosis of

hepatic adenoma can often be confidently made with the use of nuclear

medicine studies.

False Positives/Negatives:

Cases have been reported of hot hepatic adenomas on PET*® FDG

scans. In addition, reports exist of hepatic adenomas with enough Kupffer

cells to demonstrate uptake on sulfur colloid scans.

V) Findings in Angiography:

In the diagnostic workup of hepatic adenomas, angiography does
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not have a significant role. This modality can be helpful for technical

reasons when considering resection.

On angiography, hepatic adenomas typically appear as
hypervascular masses, with the vascular supply arising peripherally.
However, hepatic adenomas may be hypovascular (as many as 50%) or
have areas of hypovascularity within the mass that correspond to

hemorrhage and necrosis.

In contrast, FNH is typically hypervascular with dense capillary
blushing. In large lesions, a dilated branch of the hepatic artery can enter
the center of the mass and then divide into small branches that radiate in a
manner similar to the spokes on a wheel (spoke-wheel appearance). If the

spokelike appearance is noted, FNH is the likely diagnosis.
Degree of Confidence:

Angiography is usually not performed for the detection and
differentiation of hepatic masses. Angiography can be performed
preoperatively to better define the vascular anatomy before resection,
although the information can be obtained noninvasively with CT

scanning or MR angiography.
Treatment:
I) Medical Care:
Patients should stop using oral contraceptives or anabolic steroids;

% This allows for regression in the size of the majority of the

tumors. Complete resolution is atypical.

% The risk of malignant transformation remains even after the
contraceptive or steroid use has been discontinued.

Symptomatic hepatocellular adenomas may be considered for
resection, regardless of size.
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Pregnancy should be avoided because of the risk of growth and

rupture;

% Surgical resection may be the best option in patients with

hepatocellular adenomas who desire to become pregnant.

% Resection of large incidental hepatocellular adenomas found
during pregnancy may be considered for resection during the

second trimester when the risk is lowest.

% Ruptured hepatocellular adenomas during pregnancy should

be managed with resuscitation and resection.

Yearly ultrasound imaging and an assessment of serum AFP levels
Is a consideration in all patients with hepatocellular adenomas,
especially those with multiple lesions or single lesions greater than

5 cm in diameter who do not undergo surgical resection.

Immediate abdominal imaging is required for patients with
hepatocellular adenomas who present with new or worsened
abdominal pain or signs of hemodynamic instability. Emergency
hepatic arteriography with embolization should be considered to

control bleeding in high-risk surgical candidates.

The value of percutaneous fine-needle biopsy for the diagnosis of
hepatic adenoma is controversial for 2 reasons: first, histologic
studies may lead to misdiagnosis when differentiating hepatic
adenoma from focal nodular hyperplasia (FNH); second, a
considerable risk of hemorrhage exists when biopsy is performed
on these hypervascular tumors.

I1) Surgical Care:
Due to the increased risk of spontaneous life-threatening

hemorrhage and the possible malignant transformation associated
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with larger-size tumors or in patients with GSD, elective surgical
resection is considered for all lesions greater than 5 cm in diameter.
Elective resection should be undertaken only after a reasonable
period of observation if OCPs have been discontinued only

recently (Weimann rt al; 1997).

All patients with significant elevated AFP levels should undergo

resection of the tumor regardless of size.

The majority can be resected locally or with segmental partial

lobectomy;

% Elective resection carries approximately 13% morbidity.

Mortality is rare.

3% Complication rates associated with emergency surgery are

higher, including a mortality rate of approximately 5-8%.

Laparoscopic resection can be used in patients who have small

tumors within the anterolateral liver segments.

A similar approach also can be considered for pedunculated lesions
(Ibrahim et al; 2007).

Follow-up:
Further Outpatient Care:

Yearly ultrasound imaging and an assessment of serum AFP levels

Is a consideration in all patients with hepatocellular adenomas.
Prognosis:
Complete resolution is atypical.

The risk of malignant transformation remains as high as 8-13%
even after the contraceptive or steroid use has been discontinued.
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Fig. 15. Single adenoma in a 33-year-old woman who presented with

abdominal pain.

(a) Transverse US scan of the liver shows a hypoechoic lesion

(cursors) with a hyperechoic center (arrow) due to recent hemorrhage.

(b) Unenhanced CT scan shows a hypoattenuating lesion with
high-attenuation blood centrally (arrow).

54 .93 ca/sec

Fig. 16. Single adenoma in a 37-year-old woman who presented with
abdominal pain. The patient had been using oral contraceptives for the
past 10 years. Color Doppler US image of peri- and intratumoral vessels
shows a typically flat continuous waveform. (Courtesy of Riccardo

Lencioni, MD, Division of Diagnostic and Interventional Radiology,

University of Pisa, Italy.). a. b.

Fig. 17. Palpable epigastric mass in a 4-year-old girl.
(a) Unenhanced CT scan shows a large mass with hemorrhage (H).

(b) Arterial-phase CT scan shows the mass with large penetrating

vessels (arrows).
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Fig. 18. Single adenoma in a 49-year-old woman. The adenoma was

discovered incidentally at laparoscopic surgery.

(a) Unenhanced CT scan shows a 5-cm-diameter, exophytic,
slightly hypoattenuating tumor in the right lower lobe of the liver

(arrow).

(b) On an arterial-phase CT scan, the tumor shows heterogeneous

enhancement. Note the enhancing incomplete pseudocapsule (arrows).

(c) Photograph of the resected specimen shows a well-
circumscribed mass with extensive hemorrhage (open arrow), a partial
capsule (curved arrow), and foci of yellow-tan tissue (straight solid
arrow). These tissue foci demonstrated markedly increased cytoplasmic

lipid content at histologic analysis.

a. b. C.
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Fig. 19. Large, pedunculated hepatic adenoma in a 36-year-old woman
who presented with right upper quadrant abdominal pain.

(a) Tc-HIDA scan demonstrates faint activity below the inferior

margin of the liver (arrow).

(b) Coronal T1l-weighted spin-echo MR image shows a

pedunculated mass arising from the inferior margin of the liver (A).

(c) Photograph of the resected specimen shows a well-
circumscribed, brown, hemorrhagic mass, with some vessels cut in a

transverse plane. The adenoma was almost completely Extrahepatic.
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Fig. 20. Calcified adenoma in a 59-year-old man.

(a) Transverse US scan of the right lobe of the liver shows

hyperechoic lesions with acoustic shadowing (arrow).

(b) Unenhanced CT scan shows a mass in the right lobe with a

large central calcification (arrow).

(c) Portal venous-phase CT scan shows heterogeneous
enhancement of most of the adenoma. Calcifications are noted within

hypoattenuating cystic areas.

(d) Arterial-phase gadolinium-enhanced MR image shows
heterogeneous enhancement of the adenoma and a signal void

representing the central calcification.

(e) Coronal MR image obtained following administration of
superparamagnetic iron oxide shows the normal liver (L) with decreased
signal intensity. The adenoma (A) remains unaffected.
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Fig. 21. Single adenoma in a 42-year-old woman.

(a) Portal venous-phase CT scan shows a poorly enhancing,

spheric mass without obvious hemorrhage.

(b) On a T2-weighted MR image, the mass appears

heterogeneously hyperintense.

(c) Ti-weighted MR image shows the mass with heterogeneous

hyperintensity due to hemorrhage.

Fig. 22. Single adenoma in a 40-year-old woman. The adenoma was

discovered at hysterectomy.

(a) Axial portal venous-phase CT scan through the right lower lobe

of the liver shows a large mass with large internal vessels (arrows).

(b) Axial CT scan obtained at a higher level shows a portion of a

large draining vein (arrow) that emptied into the right hepatic vein.
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Fig. 23. Large single adenoma in a 45-year-old woman.

(a) Axial portal venous-phase CT scan shows a large adenoma
replacing the lateral segment of the left hepatic lobe. The mass is

heterogeneously enhanced.

(b) Axial fat-saturated T1-weighted MR image obtained following
intravenous bolus injection of gadopentetate dimeglumine shows an
enhancement pattern similar to that seen at CT. Note the peripheral

hyperintense rim corresponding to the fibrous capsule (arrows).

(c) On an axial MR image obtained 1 hour after intravenous
administration of Gd-BOPTA, the liver and kidney show increased signal
intensity. The adenoma fails to enhance due to decreased uptake and

excretion of this hepatobiliary contrast agent.

(d) Photograph of the resected specimen (cut section opened in a
"bivalve" fashion) reveals that bands of different tumor constituents

(mostly due to varying lipid content) account for the heterogeneity seen

at imaging.
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Fig. 24.Adenoma. High-power photomicrograph (hematoxylin-eosin
stain) of a core-needle biopsy specimen shows an adenoma composed of
disorganized hepatocyte cords. The individual cells resemble normal
hepatocytes but contain large amounts of lipid and glycogen, which
accounts for the pale cytoplasm.
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Other Solid Tumors:

a) Hepatic Granulomas:

Hepatic granulomas have numerous causes and are usually
asymptomatic. However, the underlying disorder may cause extrahepatic
manifestations, hepatic inflammation, fibrosis, portal hypertension, or a
combination.

Diagnosis is based on liver biopsy, but biopsy is necessary only if a
treatable underlying disorder (eg, infection) is suspected or if other liver
disorders need to be ruled out. Treatment depends on the underlying
disorder.

Hepatic granulomas, although sometimes insignificant, more often
reflect clinically relevant disease. The term granulomatous hepatitis is
often used to describe the condition, but the disorder is not true hepatitis,
and the presence of granulomas does not imply hepatocellular
inflammation.

AEtiology:

Hepatic granulomas have many causes; drugs and systemic
disorders (often infections) are more common causes than primary liver
disorders. Infections must be identified because they require specific
treatments. TB and schistosomiasis are the most common infectious
causes worldwide; fungal and viral causes are less common.

Sarcoidosis is the most common noninfectious cause; the liver is
involved in about 2/3 of patients. Occasionally, clinical manifestations of
sarcoidosis are predominantly hepatic (Ishak KG. 1998).

Granulomas are much less common in primary liver disorders;
primary biliary cirrhosis is the only important cause. Small granulomas
occasionally occur in other liver disorders but are not clinically

significant.
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Idiopathic granulomatous hepatitis:

Is a rare syndrome of hepatic granulomas with recurrent fever,
myalgias, fatigue, and other systemic symptoms, which often occur
intermittently for years. Some experts believe it is a variant of sarcoidosis
(Simon et al; 1973).

Causes of Hepatic Granulomas
I. Drugs : Allopurinol, phenylbutazone, quinidine, sulfonamides
(Farrell GC. 1995).
ii.  Infections:
a. bacterial :  Actinomycosis, brucellosis, cat-scratch fever,
syphilis, TB, other mycobacterial infections, tularemia, Q fever.
b. fungal: Blastomycosis, cryptococcosis, histoplasmosis.
c. parasitic : Schistosomiasis, toxoplasmosis, visceral larva
migrans .
d. viral infections
ii.  Liver disorders : Primary biliary cirrhosis.
iv. Systemic disorders : Hodgkin's lymphoma, polymyalgia rheumatica,
other connective tissue disorders, sarcoidosis.
Pathophysiology:

A granuloma is a localized collection of chronic inflammatory cells
with epithelioid cells and giant multinucleated cells. Caseation necrosis or
foreign body tissue (eg, schistosome eggs) may be present.

Most granulomas occur in the parenchyma, but in primary biliary
cirrhosis, granulomas may occur in the hepatic triads.

Granuloma formation is incompletely understood. Granulomas
may develop in response to poorly soluble exogenous or endogenous
irritants. Immunologic mechanisms are involved (Denk et al; 1994).

Hepatic granulomas rarely affect hepatocellular function. However,
when granulomas are part of a broader inflammatory reaction involving
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the liver (eg, drug reactions, infectious mononucleosis), hepatocellular
dysfunction is present.

Sometimes inflammation causes progressive hepatic fibrosis and
portal hypertension, typically with schistosomiasis and occasionally with
extensive sarcoidal infiltration.

Symptoms and Signs:

Granulomas themselves are typically asymptomatic; even
extensive infiltration usually causes only minor hepatomegaly and little
or no jaundice. Symptoms, if they occur, reflect the underlying condition
(eg, constitutional symptoms in infections, hepatosplenomegaly in
schistosomiasis).

Diagnosis:
e Liver function tests
e Imaging
e Biopsy
Hepatic granulomas are suspected in patients with:
¢ Conditions that commonly cause granulomas,
¢ Unexplained hepatic masses found during imaging tests,
¢ Occasionally, when an imaging test is done to evaluate
asymptomatic elevations in liver enzymes, particularly alkaline
phosphatase.
When granulomas are suspected, liver function tests are usually done,
but results are nonspecific and are rarely helpful in diagnosis.

Alkaline phosphatase (and y—glutamyl transferase) is often mildly
elevated but occasionally may be markedly elevated.

Other test results may be normal or abnormal, reflecting additional
hepatic damage (eg, widespread hepatic inflammation due to a drug

reaction).
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Usually, imaging tests, such as ultrasonography, CT, or MR, are
not diagnostic; they may show calcification (if granulomas are long-
standing) or filling defects, particularly with confluent lesions.

Diagnosis is based on liver biopsy. However, biopsy is usually
indicated only to diagnose treatable causes (eg, infections) or to rule out
from nongranulomatous disorders (eg, chronic viral hepatitis).

Biopsy sometimes detects evidence of the specific cause (eg,
schistosomal ova, caseation of TB, fungal organisms). However, other
tests (eg, cultures, skin tests, laboratory tests, imaging tests, other tissue
specimens) are often needed (Lefkowitch JH 1999).

In patients with constitutional or other symptoms suggesting
infection (eg, FUO), specific measures are taken to increase the
diagnostic sensitivity of biopsy for infections; eg, a portion of the fresh
biopsy specimen is sent for culture, or special stains for acid-fast bacilli,
fungi, and other organisms are used. Often, cause cannot be established.
Prognosis:

Hepatic granulomas caused by drugs or infection regress
completely after treatment.

Sarcoid granulomas may disappear spontaneously or persist for
years, usually without causing clinically important liver disease.

Progressive fibrosis and portal hypertension (sarcoidal cirrhosis)
rarely develop.

In schistosomiasis, progressive portal scarring (pipestem fibrosis)
Is typical; liver function is usually preserved, but marked splenomegaly
and variceal hemorrhage can occur.

Treatment:

Treatment is directed at the underlying disorder. When the cause is
unknown, treatment is usually withheld, and follow-up with periodic liver
function tests is instituted.
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However, if symptoms of TB (eg, prolonged fever) and
deteriorating health occur, empiric antituberculous therapy may be
justified.

Corticosteroids may benefit patients with progressive hepatic
sarcoidosis, although whether these drugs prevent hepatic fibrosis is
unclear. However, corticosteroids are not indicated for most patients with
sarcoidosis and are warranted only if TB and other infections can be

excluded confidently (Steven et al; 2007).
Imaging:

Fig. 25. Liver showing a portion of a large caseating granuloma from a
patient with miliary mycobacterium tuberculosis. Several Langhans' giant

cells are also seen.

Fig. 26. Liver from an HIV/AIDS patient infected with Mycobacterium
avium intercellulare, showing a granuloma composed of epithelioid cells
which contain large numbers of micro-organisms. (Diastase/periodic

acid-Schiff stain, total magnification 100.).




b) Macroregenerative Nodule
Pathogenesis and Pathology:

Macroregenerative nodule (MRN) was previously classified as
adenomatous hyperplasia or high-grade dysplastic nodule (.1 cm)
(Hussain et al; 2002).

MRN occurs on the background of the cirrhotic liver, acute
massive or submassive necrotic liver. Nowadays, MRNs are more
frequently detected in liver explants after orthotropic liver transplantation
(Gurkan et al; 2001).

Clinical importance of MRN is its malignant transformation to
HCC, although it is not clear how what percentage of MRN will progress
to malignancy. The reported prevalence of MRN varies between 14.2%
and 25% on autopsy series (Gurkan et al; 2001).

In acute massive or submassive necrosis, remaining hepatic
parenchyma shows compensatory lobular hyperplasia after parenchymal
loss. In cirrhotic liver, the hyperplastic reactions occur as a result of even
a larger amount of cell loss. Regenerating islets of viable cells are formed
between destructed areas, and these islets make up the nodular structures
(Colombo M. 2002).

Macroscopically, MRN has a greener or paler color compared with
the surrounding cirrhotic liver. As compared with HCC, MRN has lower
proliferation indices, which is no greater than three-cell thickness (Brunt
EM. 2001).

At times, MRN may demonstrate ischemic coagulative necrosis
and hemorrhage, nuclear crowding, and microacinal formation that herald
the development of HCC. MRN usually has variable atypia. More
specifically, MRN without atypia is classified as Type | and MRN with
atypia as Type II.
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Clinical Presentation:

Patients have no specific symptoms since MRN is usually
discovered by imaging studies in patients with cirrhosis or advanced
fibrosis for evaluation of HCC.

Liver function test with viral markers study shows the etiology and
severity of underlying liver disease.

Imaging:

MRN is rarely detected on screening US (Rode et al; 2001).

On CT, the presence of MRN can be suggested by nodular hepatic
contour, and nodules are iso-attenuating to surrounding liver during
arterial and portal phases (de Ledinghen et al; 2002).

On MRI, lesions show variable signal intensities on T1-weighted
images and typically hypointensity on T2-weighted images with no
enhancement on arterial enhanced phase. These are distinguishable
features from HCC, which typically are hyperintense on T2-weighted
Images with strong enhancement during the arterial phase (Rode et al;
2001&Krinsky et al; 2001).

Sparse central or peripheral blood supply is found on angiography
without neovascularity.

HCC emerging from MRN can be demonstrated as nodule-in-
nodule pattern on imaging studies due to their histologic uneven growth
(Serra et al; 1999).

Management and Summary:

MRN is a benign but premalignant lesion found in cirrhotic or
fibrotic livers. Imaging findings are not characteristic, but MRI findings
are useful for the differentiation from HCC.

Because of its malignant potential, surgical resection of MRN is
sometimes advocated, especially in those with atypia. Optimal

management of MRN remains unknown pending ongoing investigation.
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c) Mesenchymal Hamartoma

Mesenchymal hamartoma of the liver is an uncommon benign
lesion composed of bile ducts, immature mesenchymal cells, and
hepatocytes (Cook et al; 2002).

Most of them are diagnosed during childhood, although a few cases
have been reported in adults (Brkic et al; 2003).

The clinical presentation is nonspecific, and imaging findings
reveal solid or multicystic lesions (Papastratis et al; 2000).

Although hamartoma can be diagnosed by percutaneous biopsy,

diagnosis is usually established after surgical excision.

d) Focal Fatty Change

Hepatic steatosis is generally a diffuse process, but focal
distribution of fat is quite common in the liver called focal fatty change
(Wanless IR. 2002).

The pathogenesis is not well understood, but regional hypoxia of
hepatic tissue is thought to play a role according to one theory (Zeppa et
al; 2002).

The majority of patients have underlying disease such as diabetes,
obesity, and malnutrition.

Lesions are often discovered incidentally on imaging studies and
characteristically show a fan-shaped or geographic pattern mainly in
subcapsular areas or regions adjacent to the falciform ligament (Itai et al;
2002).

Focal fatty change can be found as single or multiple lesions with
variable sizes in a few centimeters up to 10 cm. These tumor-like lesions
may be mistaken for other hepatic tumors, and liver biopsy is often

required for a definitive diagnosis (Zeppa et al; 2002).
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e) Lipomatous Tumor

Lipomatous tumors such as hepatic angiomyolipoma or hepatic
lipoma are very rare benign tumors. Patients are usually asymptomatic,
and lesions are often encountered in patients with tuberous sclerosis
(Mergo et al; 1998).

As their names imply, on the imaging studies, lipoma shows
uniform fat component, whereas angiomyolipoma also contains
intratumoral vessel and smooth muscle component. Atypical cases should
be carefully differentiated from other hypervascular tumors including
HCC, FNH, and hemangioma (Yan et al; 2002).

Fine-needle aspiration is occasionally required and reveals fat cells,
epithelioid smooth muscle cells,and blood vessels(Hogemann etal;2001).
The prognosis is good, and surgical resection may be needed if patients

have symptoms related to mass effect(Ren et al;2003&Yeh et al ;2001).
f) Inflammatory Pseudotumor

Inflammatory pseudotumor is an extremely rare benign hepatic
tumor. It has the appearance of a malignant tumor but has a benign
histology and clinical course (Sakai et al; 2002).

The etiology is unclear, but underlying infectious agents are
strongly suggested as the pathologic process (Koea et al; 2003).

The clinical presentation is nonspecific. Patients may have fever,
malaise, weight loss, and symptoms related to a mass effect.

Routine imaging procedures are not sufficient to make the
diagnosis, and a biopsy is necessary to differentiate it from other tumors
(Choi et al; 2003). Histologic examination reveals myofibroblasts,
polyclonal plasma cell, and fibrous tissue. The course of the disease is
unpredictable. In most of the reported cases, the patients underwent
resection (Biecker et al; 2003).
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¢ Benign focal cystic lesions of the liver:

The term hepatic cyst usually refers to solitary nonparasitic cysts of

the liver, also known as simple cysts. However, several other cystic

lesions must be distinguished from true simple cysts.
Cystic lesions of the liver include:
1. Simple cysts.
2. Parasitic or hydatid (echinococcal) cysts.
3. Cystic tumors.
4. Abscesses.

These conditions can usually be distinguished on the basis of the

patient's symptoms and the radiographic appearance of the lesion.

Ductal cysts, choledochal cysts, and Caroli disease are

differentiated from hepatic cysts by involvement of the bile ducts.
1.Simple cysts:

Etiopathogenesis:

The cause of simple liver cysts is not known, but they are believed

to be congenital in origin.

The cysts are lined by biliary-type epithelium and perhaps result
from progressive dilatation of biliary microhamartomas. Because these
cysts seldom contain bile, the current hypothesis is that the
microhamartomas fail to develop normal connections with the biliary

tree.

Typically, the fluid within the cyst has an electrolyte composition
that mimics plasma. Bile, amylase, and white blood cells are absent. The
cyst fluid is continually secreted by the epithelial lining of the cyst. For
this reason, needle aspiration of simple cysts is not curative.
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Presentation:

a. Simple cysts generally cause no symptoms but may produce dull

right upper quadrant pain if large in size.

b. Patients with symptomatic simple liver cysts may also report

abdominal bloating and early satiety.

c. Occasionally, a cyst is large enough to produce a palpable

abdominal mass.

d. Jaundice caused by bile duct obstruction is rare, as is cyst rupture

and acute torsion of a mobile cyst.
e. Patients with cyst torsion may present with an acute abdomen.

f. When simple cysts rupture, patients may develop secondary
infection, leading to a presentation similar to a hepatic abscess with

abdominal pain, fever, and leukocytosis.
Laboratory Studies:

The evaluation of a patient with a simple liver cyst involves
carefully recording patient history and performing a physical examination
plus an imaging study, such as an abdominal CT scan, to define the
anatomy of the cyst. Patients with simple hepatic cysts require little

preoperative laboratory workup.

Liver function test results, such as transaminases or alkaline
phosphatase, may be mildly abnormal, but bilirubin, prothrombin time,
and activated partial thromboplastin times are usually within the
reference range.

Imaging Studies:

Before the widespread availability of abdominal imaging

techniques, including ultrasonography and computed tomography scans.
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Liver cysts were diagnosed only when they grew to an enormous
size and became apparent as an abdominal mass or as an incidental
finding during laparotomy. Today, imaging studies often reveal

asymptomatic lesions incidentally.

The clinician has a number of options for imaging the liver in
patients with hepatic cysts. Ultrasonography is readily available,
noninvasive, and highly sensitive, Computed tomography scan is also
highly sensitive and is easier for most clinicians to interpret, particularly
for treatment planning. MRI, Nuclear medicine scanning, Hepatic

angiography has a limited role in the evaluation of hepatic cysts.

Simple cysts have a typical radiographic appearance. They are thin

walled with a homogenous low-density interior.

A practical problem in the evaluation of a patient with a cystic
hepatic lesion is differentiating cystic neoplasms from simple cysts.
Cystic neoplasms tend to have thicker, irregular, hypervascular walls,
whereas simple cysts tend to be thin walled and uniform. Simple cysts
tend to have homogenous low-density interiors, whereas neoplastic cysts

usually have heterogeneous interiors with septa and papillary extrusions.
Other Tests:

Other tests are generally not necessary in the evaluation of hepatic
cysts. Percutaneous aspiration should be avoided because the laboratory

and cytologic evaluation of the simple cyst fluid is nondiagnostic.
Histologic Findings:

Histologic assessment of the excised cyst wall should be routinely
undertaken to identify the presence of an unsuspected neoplasm, such as
cystadenoma.ln simple cysts, histology of the cyst wall generally reveals

a layer of simple cuboidal epithelium.
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Treatment:
é Indications:

Treatment of solitary nonparasitic cysts of the liver is indicated
only in symptomatic patients. Asymptomatic patients do not require
therapy because the risk of developing complications related to the lesion

Is lower than the risk associated with treatment.
é Contraindications

Contraindications to treatment of symptomatic liver cysts relate
mainly to underlying comorbid illnesses that increase surgical risk. In
particular, congestive heart failure and liver failure with portal
hypertension and ascites increase operative risk. Symptoms suggestive of
angina or transient ischemic attacks should lead to further preoperative
diagnostic studies to identify significant coronary or carotid arterial

stenoses (Morino et al; 1994).
l) Medical Therapy:

No medical therapy has proven effective in reducing the size of
simple hepatic cysts. Percutaneous aspiration under ultrasound or CT
guidance is technically simple but has been abandoned because the

recurrence rates are nearly 100%.

Aspiration combined with sclerosis with alcohol or other agents
has been successful in some patients but has high failure and recurrence
rates. Successful sclerosis depends on complete decompression of the
cyst and apposition of the cyst walls. This is not possible if the cyst wall

is thickened or if the cyst is large.

Percutaneous catheters should not be placed to drain simple cysts
because the cavity becomes contaminated, leading to the development of

hepatic abscess. Unlike the typical pyogenic hepatic abscess, this problem
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Is difficult to resolve with repeated catheter placements because of

continued secretion from the cyst epithelium.
II) Surgical Therapy:

Most patients with simple cysts are asymptomatic and require no
treatment. When the cysts become large and cause symptoms, such as

pain, treatment is warranted.

Surgical treatment of simple liver cysts involves "unroofing" the
cyst by excising the portion of the wall that extends to the surface of the
liver. Excision of this portion of the cyst wall at the liver surface produces
a saucer-type appearance in the remaining cyst so that any fluid secreted
from the remaining epithelium leaks into the peritoneal cavity where it
can be absorbed (Fabiani et al; 2005& Taylor et al; 1997).

Although ablating the remaining epithelium with electrocautery or
an argon beam coagulator is possible, this generally is not required
because the volume of fluid secreted each day can be absorbed by the

peritoneum without any consequence.

Historically, treatment of symptomatic hepatic cysts required
laparotomy, but, today, cyst unroofing can be successfully performed

laparoscopically (Fiamingo et al; 2003).

Anecdotal reports of laparoscopic treatment became common by
the mid 1990s, and the laparoscopic approach is currently considered the
standard of care. When compared to laparotomy, this technique is
associated with less postoperative pain and disability, shorter duration of
hospital stay, and superior cosmetic results (Hansen et al; 1997).

Follow-up:

Following successful laparoscopic unroofing of a simple liver cyst,

the patient is seen at a follow-up visit within 2 weeks and again 6 weeks
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after surgery to assess symptomatic relief and to identify complications,
such as wound infection or ascites. Routine radiographic studies are not

obtained unless symptoms recur.
Complications:

Complications of laparoscopic unroofing of simple liver cysts are

uncommon. Trocar site infection is a rare occurrence.

Unexpected leakage of bile from the cut edges of the cyst can lead

to a subhepatic or subphrenic fluid collection or, rarely, bile ascites.
Outcome and Prognosis:

é Several small series of patients undergoing laparoscopic
unroofing of simple hepatic cysts have reported cure rates of
90% or higher.

Future and Controversies:

In patients with simple liver cysts, the general agreement is that
laparoscopic unroofing offers the best balance between efficacy and

safety.
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Imaging:

Fig. 28: Ultrasound appearance of a patient with a large simple hepatic
cyst.

Fig. 29: CT scan appearance of a large hepatic cyst.
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2.Hydatid Cysts

Hydatid disease is a parasitic infestation by a tapeworm of the
genus Echinococcus. Specially; Echinococcus granulosus, causing cystic

echinococcosis (CE).
Aetiopathogenesis:

Hydatid cysts are caused by infestation with the parasite
Echinococcus granulosus. This parasite is found worldwide, but it is

particularly common in areas of sheep and cattle farming.

The adult tapeworm lives in the digestive tract of carnivores, such
as dogs or wolves. Eggs are released into the stool and are inadvertently
ingested by the intermediate hosts, such as sheep, cattle, or humans. The
egg larvae invade the bowel wall and mesenteric vessels of the

intermediate host, allowing circulation to the liver (Flisser A. 1998).

In the liver, the larvae grow and become encysted. The hydatid cyst
develops an outer layer of inflammatory tissue and an inner germinal
membrane that produces daughter cysts. When carnivores ingest the liver
of the intermediate host, the scolices of the daughter cysts are released in
the small intestines and grow into adult worms, thus completing the life

cycle of the worm (Pedrosa et al; 2000).
Frequency:

Despite the rise in occurrence, echinococcosis remains a very rare
disease (<1 case per 1 million inhabitants) in the continental United
States. Internationally; The endemic areas are the Mediterranean
countries, the Middle East, the southern part of South America, Iceland,
Australia, New Zealand, and southern parts of Africa; the latter 5 are
intensive endemic areas. The incidence of CE in endemic areas ranges
from 1-220 cases per 100,000 inhabitants.
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Mortality/Morbidity:

Morbidity is usually secondary to free rupture of the echinococcal
cyst (with or without anaphylaxis), infection of the cyst, or dysfunction of

affected organs; (e.g, biliary obstruction or cirrhosis).

In CE, mortality is secondary to anaphylaxis, systemic
complications of the cysts (e.g, sepsis, cirrhosis, or operative

complications.
Race:

Because of the restricted geographic distribution of the
echinococcal worms, persons of certain races are affected more
commonly than others; however, the parasite has the capability of

infecting persons of all races equally.
Sex:

No sexual predilection is recognized.
Age:

The cysts grow slowly, and a cyst is rarely diagnosed during
childhood or adolescence unless the brain is affected. CE is a disease of

younger adults, with an average age at diagnosis of 30-40 years.

Presentation:

Many hydatid cysts remain asymptomatic, even into advanced age.
Parasite load, the site, and the size of the cysts determine the degree of
symptoms. A history of living in or visiting an endemic area must be
established. Also, exposure to the parasite through the ingestion of foods
or water contaminated by the feces of a definitive host must be
determined. Theoretically, echinococcosis can involve any organ. The

liver is the most common organ involved (Filippou et al; 2007).
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In CE, symptoms can be produced by mass effect or cyst

complications.

Most symptomatic cysts are larger than 5 cm in diameter.

Symptoms due to pressure usually take a long time to manifest.

= |n the liver, the pressure effect of the cyst can produce

symptoms of obstructive jaundice and abdominal pain.

= With biliary rupture, the classic triad of biliary colic, jaundice,

and urticaria is observed.

= Passage of hydatid membranes in the emesis (hydatid emesia)
and passage of membranes in the stools (hydatid enterica) may

occur rarely.

Secondary complications may occur as a result of infection of the

cyst or leakage of the cyst.

= Minor leaks: lead to increased pain and a mild allergic

reaction characterized by flushing and urticaria.

= Major rupture: leads to a full-blown anaphylactic reaction,

which is fatal if not treated promptly. A rupture into the
biliary tree can lead to obstruction by the daughter cysts,

producing cholangitis.

Infection of the cyst can occur either as a primary infection or as a
secondary infection following an episode of a leak into the biliary
tree a cystobiliary fistula. Symptoms range from mild fever to full-

blown sepsis.

Symptomatology is that of progressive liver dysfunction that
ultimately leads to liver failure. The progression can occur over

weeks, months, or years.
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Physical examination:

Physical examination findings from patients with echinococcosis

are nonspecific.

The findings are related to the effect of the cyst on the anatomy or
the function of the liver and to an acute allergic reaction (von Sinner et
al; 1991).

Skin:

e Jaundice could be a sign of biliary obstruction. Spider angiomas
are a sign of portal hypertension secondary to either biliary

cirrhosis or obstruction of the inferior vena cava.

e Urticaria and erythema may be seen.
Vital signs:

e Fever could be a sign of secondary infection or allergic reaction.

e Hypotension is observed with anaphylaxis secondary to a cyst leak.
Abdomen:

e The most common sign is abdominal tenderness.

e Right hypochondrial mass mostly tender.

e Hepatomegaly may be present or a mass may be felt.

e Tender hepatomegaly is a sign of secondary infection of the cyst,

especially when coupled with fever and chills.
e Ascites is rare.

e Splenomegaly can be the result of either splenic echinococcosis or

portal hypertension.



Differential Diagnoses:

1. Abdominal abceses. 2. Inferior vena caval thrombosis.
3. Acute liver failure. 4. Intra abdominal sepsis.

5. Biliary colic. 6. Liver abcess.

7. Biliary obstruction., 8. Budd-chiari-syndrome.

9. Portal hypertention. 10. Cysticercosis.

11. Pyogenic hepatic abscess. 12. Teratoma cystica.

13. Primary hepatic carcinoma. 14. Tuberculosis.

15. Hepatic Cysts. 16. Biliary cirrhosis

17. Immediate hypersensitivity reactions.

Laboratory Studies:

The results of routine laboratory blood work are nonspecific. Liver

involvement may be reflected in:

Elevated bilirubin or alkaline phosphatase level.
Leukocytosis may suggest infection of the cyst.

Eosinophilia is present in 25% of all persons who are infected,

while hypogammaglobinemia is present in 30%.

The indirect hemagglutination test and the enzyme-linked
iImmunosorbent assay (ELISA) have a sensitivity of 90% in hepatic
echinococcosis and are the initial screening tests of choice (Liu et
al; 1992). The ELISA test is useful in follow-up to detect

recurrence.

Immunodiffusion and immunoelectrophoresis  demonstrate
antibodies to antigen 5 and provide specific confirmation of
reactivity (Williams et al; 1971).
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Imaging Studies : (von Sinner et al; 1991).
1) Plain films:

In CE, findings from plain films of the chest, abdomen, or any
other involved site are, at best, nonspecific and mostly nonrevealing. A
thin rim of calcification delineating a cyst is suggestive of an

echinococcal cyst (Pedrosa et al; 2000).
I1) Ultrasound:

Ultrasonography helps in the diagnosis of hydatid cysts when the
daughter cysts and hydatid sand are demonstrated. The accuracy of

ultrasound evaluations remains operator-dependent.
I11) CT scan:

CT scan has an accuracy of 98% and the sensitivity to demonstrate
the daughter cysts. It is the best test for the differentiation of hydatid from

amebic and pyogenic cysts in the liver.
V) MRI:

Images show the cysts adequately, but MRI offers no real

advantage over CT scan.
Other Tests:
Casoni test:

An intradermal skin test was used and had a sensitivity of 70%. It
is now largely abandoned because of its low sensitivity, low accuracy,

and potential for severe local allergic reaction.

Procedures: Endoscopic retrograde cholangiopancreatography: It
Is both diagnostic and therapeutic in patients with intrabiliary rupture of a

hydatid cyst, in whom sphincterotomy can be performed.
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Treatment (Dziri et al; 2004).:
I. Maedical Care:

In CE, surgery remains the primary treatment and the only hope for
complete cure. Better forms of chemotherapy and newer methods, such as
the puncture, aspiration, injection, and reaspiration (PAIR) technique are

now available but need to be tested.

Currently, indications for these modes of therapy are restricted.
Consider risks and benefits, indications, and contraindications for each
case before making a decision regarding the type and timing of surgery
(Filippou et al; 2007).

i. Chemotherapy in CE:

+ Indications: Indicated in patients with primary liver cysts that are
inoperable (because of location or medical condition), patients with cysts

in 2 or more organs, and peritoneal cysts.

+ Contraindications: Early pregnancy, bone marrow suppression,

chronic hepatic disease, large cysts with the risk of rupture, and inactive

or calcified cysts are contraindications.

+» Chemotherapeutic agents: Two benzimidazoles are used, albendazole

and mebendazole.
1) Albendazole:

Decreases ATP production in worm, causing energy depletion,
immobilization, and finally, death (Taylor et al; 1988). Orally
administered broad spectrum anthelmintic with poor aqueous solubility.
Poorly absorbed from GI tract but metabolized quickly to albendazole
sulfoxide, which is easily absorbed. Systemic activity is attributed to first
metabolite. Plasma level is noted to rise significantly when ingested after
high-fat meal.
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Albendazole has been found ineffective in the treatment of primary

liver cysts in patients who are surgical candidates (Kapan et al; 2008).
Dosing:

Adult: 10-15 mg/kg/d PO divided bid for 28 d, then 14 d washout
period, or for 4 d prior to surgery; then 1 mo postoperatively as adjunct.
The optimal period of treatment ranges from 3-6 months, with no further

increase in the incidence of adverse effects if this period is prolonged.
Pediatric: Administer as in adults (limited in children <6 y).
Interactions:

Coadministration with carbamazepine may decrease efficacy;
dexamethasone (8-mg doses), cimetidine (10 mg/kg/d), and praziquantel

(40 mg/kg) may increase toxicity; carefully monitor theophylline levels.
Contraindications:

Documented hypersensitivity.
Precautions:

Discontinue if LFT results increase significantly (resume when
levels decrease to pretest values); reports of hepatic failure in impaired
liver function; reversible WBC count reductions in 1% of patients.

Pregnancy: Caution in first trimester of pregnancy. C- Fetal risk.
2) Mebendazole (Vermox):

Causes worm death by selectively and irreversibly blocking uptake
of glucose and other nutrients in susceptible adult intestine where

helminths dwell. Broad spectrum synthetic anthelmintic.
Dosing:

Adult: 40-50 mg/kg/d PO for 3-6 mo (primary mode of therapy) or
for 4 d prior to surgery and then 1 mo postoperatively as adjunct.
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Pediatric: < 2years: Not established & >2 years: as in adults.
Interactions:

Carbamazepine and phenytoin may decrease effects; cimetidine

may increase levels.
Contraindications:

Carbamazepine and phenytoin may decrease effects; cimetidine

may increase levels.
Precautions:

Periodically evaluate hematopoietic and hepatic function during
therapy because of reports of neutropenia and disturbed liver function
with prolonged therapy; adjust dose in hepatic impairment.

Pregnancy: Caution in first trimester of pregnancy. C - Fetal risk
3) Praziquantel (Biltricide):

Increases cell membrane permeability in susceptible worms,
resulting in loss of intracellular calcium, massive contractions, and
paralysis of musculature. In addition, produces vacuolization and
disintegration of schistosome tegument. This is followed by attachment of
phagocytes to parasite and death. Isoquinoline derivative that is easily
absorbed through Gl tract (Taylor et al;1988).

Dosing:

Adult: 40 mg/kg PO qwk.

Pediatric: <4 years: Not established & >4 years: as in adults.
Interactions:

Hydantoins may reduce serum concentrations, possibly leading to
treatment failures; slows metabolism of benzimidazoles, thus increasing

serum levels
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Contraindications:
Documented hypersensitivity; ocular cysticercosis
Precautions:

Destruction of parasite within eyes can cause irreparable lesions
(ocular cysticercosis should not be treated with praziquantel); minimal

increases in liver enzyme levels reported.

Pregnancy: Use in first trimester of pregnancy is discouraged. B - Fetal
risk not confirmed in studies in humans but has been shown in some

studies in animals.

+* Monitoring: Monitor patients for adverse effects of agents every 2
weeks with a CBC count and liver enzyme evaluation for the first 3
months and then every 4 weeks. Monitoring albendazole and
mebendazole serum levels is desirable, but few laboratories are capable
of performing this measurement. Imaging studies are required for follow-

up on the morphologic status of the cyst.

+»» Qutcome from medical treatment of CE: Response rates in 1000

treated patients were that 30% had cyst disappearance (cure), 30-50% had
a decrease in the size of the cyst (improvement), and 20-40% had no

changes. Also, younger adults responded better than older adults.
ii. PAIR iIn CE:

This technique, performed using either ultrasound or CT guidance,
involves aspiration of the contents via a special cannula, followed by
injection of a scolicidal agent for at least 15 minutes, and then
reaspiration of the cystic contents. This is repeated until the return is
clear. The cyst is then filled with isotonic sodium chloride solution
(Smego et al; 2003).
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Perioperative treatment with a benzimidazole is mandatory (4 d

prior to the procedure and 1-3 mo after).

The cysts should be larger than 5 cm in diameter and type | or 1l
according to the Gharbi ultrasound classification of liver cysts (ie, type |
Is purely cystic; type Il is purely cystic plus hydatid sand; type Il has the
membrane undulating in the cystic cavity; and type 1V is the peripheral or
diffuse distribution of coarse echoes in a complex and heterogeneous
mass). PAIR can be performed on type Il cysts as long as it is not a

honeycomb cyst (Gargouri et al; 1990).

+» Indications: Inoperable patients; patients refusing surgery; multiple
cysts in segment I, I, and Ill of the liver; and relapse after surgery or

chemotherapy are indications for the PAIR technique.

+» Contraindications: Early pregnancy, lung cysts, inaccessible cysts,

superficially located cysts (risk of spillage), type Il honeycomb cysts,
type IV cysts, and cysts communicating with the biliary tree (risk of
sclerosing cholangitis from the scolicidal agent) are contraindications for
the PAIR technique.

+» Qutcome: The reduced cost and shorter hospital stay associated with
PAIR compared to surgery make it desirable. The risk of spillage and
anaphylaxis is considerable, especially in superficially located cysts, and
transhepatic puncture is recommended (Khoury et al; 1998).Sclerosing

cholangitis (chemical) and biliary fistulas are other risks.
II) Surgical Care:

* Indications: Large liver cysts with multiple daughter cysts;
superficially located single liver cysts that may rupture (traumatically or
spontaneously); liver cysts with biliary tree communication or pressure

effects on vital organs ; infected cysts; are indications for surgery.
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+»» Contraindications:

General contraindications to surgical procedures (eg, extremes of
age, pregnancy, severe preexisting medical conditions); multiple cysts in
multiple organs; cysts that are difficult to access; dead cysts; calcified

cysts; and very small cysts are contraindications.

+* Choice of surgical technigue:

Radical surgery (total pericystectomy (Elhamel et al; 1990) or
partial affected organ resection, if possible), conservative surgery (open
cystectomy), or simple tube drainage for infected and communicating
cysts are choices for surgical technique. The more radical the procedure,
the lower the risk of relapses but the higher the risk of complications.

Patient care must be individualized accordingly (Cirenei et al; 2001).
Follow-up:

Further Inpatient Care:

1. Inpatient care for individuals who have had surgical resection of their
hydatid cyst(s) is similar to that for any other surgical procedure on

the affected organ.

2. Special consideration must be made for patients with hepatic CE who
were found to have biliary communication. These patients must be
observed for signs and symptoms of either biliary obstruction or
fistula formation. If either of these complications occurs, the patient
must be treated by percutaneous or endoscopic stenting of the biliary

tree with or without sphincteroplasty.

3. Postoperatively, treatment with benzimidazoles is continued for
approximately 1 month.

Further Outpatient Care: Outpatient care is directed towards the

following end points:
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1. Chemotherapy: Postoperative treatment with benzimidazoles is
continued for 1 month in patients with CE who have undergone

complete resection or PAIR successfully.

The treatment is continued for 3-6 months for patients with
incompletely resected CE, spillage during surgery or PAIR, and

metastatic lesions.

2. Laboratory tests: Patients on benzimidazoles should have a CBC
count and liver enzyme evaluation performed at biweekly intervals

for 3 months and then every 4 weeks to monitor for toxicity.

ELISA or indirect hemagglutination tests are usually
performed at 3-, 6-, 12-, and 24-month intervals as screening for

recurrence of resected disease or aggravation of existing disease.

3. Imaging: Ultrasonography and/or CT scan are used in follow-up at

the same intervals as the laboratory tests or as clinically indicated.

Inpatient & Outpatient Medications:

Antibiotics are used prophylactically for surgery as indicated in
patients with a cystobiliary fistula, and for treatment of infected cysts.

Benzimidazoles are continued after discharge.
Prognosis:

In CE, prognosis is generally good, with complete cure with total
surgical excision without spillage. Spillage occurs in 2-25% of cases
(depends on location and surgeon's experience), and the operative

mortality rate varies from 0.5-4% for the same reasons (Tan et al;1998).
Complications (Pedrosa et al; 2000).:

o All the usual complications related to the surgical procedure and

anesthesia.



o Related to the parasite:

Recurrence.

Metastasis.

Infection.

Spillage and seeding (secondary echinococcosis).

Allergic reaction or anaphylactic shock.

o Related to the medical treatment:

Hepatotoxicity.
Anemia.
Thrombocytopenia.
Alopecia.
Embryotoxicity.
Teratogenicity.

Spillage and seeding (secondary echinococcosis).

o Related to PAIR:

Hemorrhage.

Mechanical damage to other tissue.
Infections.

Allergic reaction or anaphylactic shock.
Persistence of daughter cysts.

Sudden intracystic decompression leading to biliary fistulas.

o Related to scolicidal agents - Chemical sclerosing cholangitis (Polo
et al; 1989).
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Prevention:

Because human infection with Echinococcus results from fecal-oral

contamination, prevention requires the following steps:

Education on proper hygiene.
Proper cleansing of uncooked food and avoidance when possible.

Dietary regulation of pet dogs (stop the habit of feeding viscera of

intermediate hosts, such as sheep, to pet dogs).
Regulate pet dog activity to prevent ingestion of sheep material.
Avoidance of unregulated dogs.

Treatment of pet dogs in endemic areas for intestinal

echinococcosis with praziquantel (5 mg/kg) periodically.
Control of the dog population.

Regulation of livestock butchering.
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Imaging:

Fig. 30: Hepatic cysts. Sagittal MRI reconstruction in a patient with a

large echinococcal cyst; note daughter cysts in interior.

Fig. 31: Ultrasonographic appearance of echinococcal cysts (Gharbi type
I, World Health Organization [WHO] standardized classification CE1).

Fig. 32: Viable scolices (note rostellar hooklets).
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3.Hepatic Abscesses:

Liver abscesses have been recognized since the age of Hippocrates. In
1883, Koch described the amoebae as a cause of liver abscess. In 1938,
Ochsner and Debakey published the largest series of pyogenic and
amebic liver abscesses in the literature(Ochsner et al; 1938). Since the
late 20th century, percutaneous drainage has become a useful therapeutic
option(Gerzof et al;1985& Kandel et al;1984& Rintoul et al;1996&
Seeto et al;1996& Stain et al;1991).

a. Pyogenic Abscesses:

Pyogenic hepatic abscesses are uncommon conditions that present
diagnostic and therapeutic challenges to physicians. If left untreated,

these lesions are invariably fatal.
Frequency:

The incidence of pyogenic liver abscess has remained unchanged
since just prior to the mid-20th century. In the United States, the
incidence of pyogenic liver abscess is estimated to be 8-15 cases per
100,000 persons. This figure is considerably higher in countries where
health care is not readily available. Studies indicate that the male-to-
female ratio is approximately 2:1; the problem occurs most commonly in
the fourth to sixth decade of life (Branum et al; 1990).

Etiology:

1. Biliary disease (Chu et al; 1996): Biliary disease accounts for 21-30%
of reported cases (Kandel et al; 1984& Branum et al; 1990& Gyorffy et
al; 1987).

a. Extrahepatic biliary obstruction leading to ascending cholangitis

and abscess formation is the most common cause (Branum et
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al;1990& Gyorffy et al;1987) and is usually associated with
choledocholithiasis

b. Benign and malignant tumors (Rintoul et al; 1996) or postsurgical

strictures.

c. Biliary enteric anastomoses (choledochoduodenostomy or
choledochojejunostomy) have also been associated with a high
incidence of liver abscesses (Gerzof et al; 1985&Gyorffy et al;
1987).

d. Biliary complications (eg, stricture, bile leak) after liver
transplantation are also recognized causes of pyogenic liver
abscesses.

2. Infection via the portal system (portal pyemia):

a. The infectious process originates within the abdomen and reaches
the liver by embolization or seeding of the portal vein. With the
liberal use of antibiotics for intra-abdominal infections, portal
pyemia is now a less frequent cause of pyogenic liver abscesses but

still accounts for 20% of cases (Branum et al; 1990).
b. Appendicitis and pylephlebitis are the predominant causes.

c. Any source of intra-abdominal abscess, such as acute diverticulitis,
inflammatory bowel disease, and perforated hollow viscus, can

lead to portal pyemia and hepatic abscesses.
3. Hematogenous (via the hepatic artery):

a. This infectious process results from seeding of bacteria into the
liver in cases of systemic bacteremia from bacterial endocarditis,
urinary sepsis, or following intravenousdrug abuse (Rintoul et al;
1996).
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b. Blunt or penetrating trauma and liver necrosis from inadvertent
vascular injury during laparoscopic cholecystectomy are

recognized causes of liver abscess (Branum et al; 1990).

c. Transarterial embolization and cryoablation of liver masses are
now recognized as new etiologies of pyogenic abscesses (Rockey
et al; 1999).

4. Cryptogenic: No cause is found in approximately half of the cases.
However, the incidence is increased in patients with diabetes or
metastatic cancer. Patients with repeated cryptogenic liver abscesses
should undergo biliary and gastrointestinal evaluation (Branum et
al;1990).

Pathophysiology:

Pyogenic bacteria can gain access to the liver by direct extension
from contiguous organs or through the portal vein or hepatic artery.
Hepatic clearance of bacteria via the portal system appears to be a normal
phenomenon in healthy individuals; however, organism proliferation,
tissue invasion, and abscess formation can occur with biliary obstruction,

poor perfusion, or microembolization.
Microbiology:

The organisms isolated most often are included below. Most
abscesses contain more than 1 organism and frequently are of biliary or
enteric origin. Blood culture results are positive in 33-65% of cases
(Branum et al;1990), with positive results from abscess cultures
reported in 73-100% of series(Branum et al;1990& Gyorffy et al;1987).

Escherichia coli is the most common organism isolated in western

series, while Klebsiella pneumoniae has recently emerged as a common
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isolate in patients with diabetes in Taiwan(Tsai et al;2008& Pastagia et
al;2008& Cheng et al;2008).

The most common microorganisms isolated from blood and

abscess cultures are as follows(Branum et al;1990&Gyorffy et al;1987):
e Ecoli-33%
e K pneumoniae - 18%
e Bacteroides species - 24%
e Streptococcal species - 37%
e Microaerophilic streptococci - 12%
Presentation:

The clinical presentation of liver abscess is insidious; many
patients have symptoms for weeks prior to presentation. Fever and right
upper quadrant pain are the most common complaints (Gyorffy et
al;1987& Giorgio et al;2006)

I.  Symptoms:

e Pain is reported in as many as 80% of patients and may be
associated with pleuritic chest pain(9-24%) or right shoulder

pain. Symptoms are often misdiagnosed as acute cholecystitis.

e Fever occurs in 87-100% of patients and is usually associated
with chills and malaise (Gyorffy et al;1987).

e Anorexia (38-80%), weight loss (25-68%),Cough (11-28%) and

mental confusion are also common symptoms.
Il. Signs:

e Right upper quadrent tenderness (41-72%).
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e Hepatomegaly (51-92%), liver mass (17-18%), and jaundice

(23-43%) are also common.

e Occasionally, patients may present with rales, pleural effusion,

friction rub, or pulmonary consolidation (11-48%).

e Rarely, patients are admitted with sepsis and peritonitis from

intraperitoneal rupture of the abscess.

Laboratory Studies:
1. Complete blood cell count:

a. Anemia is observed in 50-80% of patients (Branum et al;
1990&Gyorffy et al; 1987).

b. Leukocytosis of more than 10,000/mm (Kandel et al; 1984) in
75-96% of patients (Branum et al; 1990&Gyorffy et al; 1987).

c. Bands of more than 10% are observed in 40% of patients.
2. Erythrocyte sedimentation rate (ESR) is commonly elevated.
3. Prothrombin time (Chu et al; 1996): elevated in 71-87% of patients.
4. Liver function tests:

a. An elevated alkaline phosphatase level (Kandel et al; 1984) in
95-100% of patients (Branum et al; 1990&Gyorffy et al;
1987).

b. An elevated serum aspartate aminotransferase level, an elevated
serum alanine aminotransferase level, or elevated levels of both

are observed in 48-60% of patients.

c. An elevated bilirubin level (Chu et al; 1996) is observed in 28-
73% of patients (Branum et al; 1990&Gyorffy et al; 1987).

d. A decreased albumin level (<3 g/dL) and increased globulin
value (>3 g/dL) are frequently observed.
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Imaging Studies:

Chest and abdominal radiographs are nonspecific, but they are

frequently obtained at the initial evaluation.

I. Chest radiography:

= Findings are abnormal in approximately half the patients.

= Nonspecific findings may include an elevated right
hemidiaphragm, subdiaphragmatic  air-fluid level,

pneumonitis, consolidation, and pleural effusion.

1. Abdominal radiograph:

= |f gas-forming organisms are present, the abdominal x-ray
film might show evidence of intrahepatic air, portal venous

gas, air-fluid levels, or air in the biliary tree.

I11. Radionucleotide sulfur colloid scan:

= The role of the radionucleotide scan has been completely

replaced by CT scan and ultrasonography.
» Findings can help reliably detect masses larger than 2 cm.

= The sensitivity of the findings ranges from 50-80%;

however, they lack specificity.

IV. Ultrasonography(Seeto et al;1996& Gyorffy et al;1987&
Hashimoto et al;1995& Benedetti et al; 2008).

» Real-time ultrasonography findings are 80-100% sensitive
(Rubinson et al; 1980&Ferrucci et al; 1981).A round or

oval hypoechoic mass is consistent with pyogenic abscess.

V. CTscanning (Seeto et al; 1996& Gyorffy et al; 1987&
Hashimoto et al; 1995& Benedetti et al; 2008).




= CT scanning has become the imaging study of choice for
detecting liver lesions (Rubinson et al; 1980&Ferrucci et
al; 1981).

= Pyogenic liver abscesses are not enhanced on images after

intravenous contrast administration.

= Triphasic CT scanning with arterial and portal venous phases
helps to define the proximity of the abscess to the major

branches of the portal and hepatic veins

= Findings have sensitivity similar to that of ultrasonography,

but they lack specificity.
Diagnostic Procedures:

Diagnostic aspiration is performed under ultrasonographic or CT
guidance (Gyorffy et al; 1987&Hashimoto et al; 1995) and is usually
followed by drainage catheter placement. The aspirate is sent for culture

and cytology.
Treatment:

The most dramatic change in the treatment of pyogenic liver
abscess has been the emergence of CT-guided drainage. Prior to this
modality, open surgical drainage was the treatment most often employed,
with mortality rates as high as 70%. If the abscess is multiloculated,

multiple catheters might be needed to achieve adequate drainage.
The current accepted approach includes 3 steps, as follows:
e Initiation of antibiotic therapy.
¢ Diagnostic aspiration and drainage of the abscess.

e Surgical drainage in selected patients (Stain et al; 1991& Hope et
al; 2008).



1. Antibiotic_therapy (Kandel et al; 1984&Rintoul et al; 1996&
Seeto et al; 1996& Stain et al; 1991& Hope et al; 2008): Diagnostic

aspiration should be performed as soon as possible. The antimicrobial

agent should provide adequate coverage against aerobic gram-negative
bacilli, microaerophilic streptococci, and anaerobic organisms, including

Bacteroides fragilis.

Usually, a combination of 2 or more antibiotics is used.
Metronidazole and clindamycin have wide anaerobic coverage and
provide excellent penetration into the abscess cavity. A third-generation
cephalosporin or an aminoglycoside provides excellent coverage against
most gram-negative organisms. Fluoroquinolones are an acceptable
alternative in patients who are allergic to penicillin. This modality has
been shown to be effective in patients with unilocular abscesses that are

less than 3 cm in size (Chung et al; 2007).

2. Percutaneous drainage: (Gerzof et al; 1985 Kandel et al; 1984&
Rintoul et al ;1996& Seeto et al ;1996& Stain et al ;1991& Hope et al

;2008): Diagnostic aspiration should be performed as soon as the

diagnosis is made. It can be performed under ultrasonographic (Giorgio
et al; 2006& Men et al; 2002) (if small or superficial) or CT guidance

and is usually followed by placement of a drainage catheter.

Multiple abscesses necessitate CT guided drainage (Giorgio et al;
2006). Once positioned, the catheter should be irrigated with isotonic

sodium chloride solution and placed to allow gravity drainage.

The drain is removed when the abscess cavity collapses, as
confirmed on CT scan images. Presence of ascites and proximity to vital
structures are contraindications to percutaneous drainage. Coagulopathy
can be corrected with transfusion of fresh frozen plasma prior to drainage.



The success rate of percutaneous drainage ranges from 80-87%
(Gerzof et al; 1985). Consider percutaneous drainage to have failed if no
improvement occurs, if the condition worsens within 72 hours of
drainage, or if the abscess recurs despite adequate initial drainage.
Percutaneous drainage failure can be treated by either inserting a second

catheter or performing open surgical drainage.

* Complications of percutaneous drainage: include perforation of
adjacent abdominal organs, pneumothorax, hemorrhage, and leakage

of the abscess cavity into the peritoneum.

*  Contraindication of percutaneous drainage: Immunocompromised
patients with multiple diffuse microabscesses are not candidates for
either percutaneous or open surgical drainage and are best treated

with high-dose antibiotics. Such patients have highest mortality rate.

3. Surgical Therapy:

Surgical drainage was once considered to be the criterion standard

in treating liver abscesses. Currently, surgical drainage is indicated in:
Indications:

Presently, most liver abscesses are treated with antibiotics and
catheter drainage under ultrasonographic or computed tomography (CT)
scan guidance. The indications for surgical drainage are as follows:

e Abscess not amenable to percutaneous drainage secondary to location

e Coexistence of intra-abdominal disease that requires operative

management
e Failure of antibiotic therapy.

e Failure of percutaneous aspirationor drainage (Yanaga et al; 1994&
Siu et al; 1997).



e Abscesses larger than 5 cm (Chung et al; 2007).

e Concominant biliary/intra-abdominal disease (Chung et al; 2007).

The presence of peritoneal signs in a patient with pyogenic liver

abscess mandates emergent laparotomy because free rupture of the

abscess into the peritoneal cavity may have occurred.

Liver resection should be considered, when the following are

present: Liver carbuncle, hepatolithiasis, suspicious lesion that would

require control of sepsis prior to surgical procedure (Gyorffy et al; 1987).

Contraindications:

Relative contraindications to surgery include the following:
Multiple abscesses.

Polymicrobial infection.

Presence of associated malignancy or immunosuppressive disease.

Coexistence of other multiple and/or complicated medical

problems or conditions.

Complications:

The complications of liver abscess result from rupture of the

abscess into adjacent organs or body cavities. These include

pleuropulmonary and intra-abdominal types.

Pleuropulmonary complications are the most common and have
been reported in 15-20% of early series. These include pleurisy and
pleural effusion, empyema, and broncho-hepatic fistula (Ochsner
et al; 1938).

Intra-abdominal complications are also common. These
complications include subphrenic abscess and rupture into the
peritoneal cavity, stomach, colon, vena cava, or kidney. A large
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abscess compressing the inferior vena cava and the hepatic
veins may result in Budd-Chiari syndrome.Rupture into the

pericardium or brain abscess from hematogenous spread is rare.
Outcome and Prognosis:

Untreated, pyogenic liver abscess is associated with 100%
mortality. Early series reported a mortality rate of greater than 80%. With
early diagnosis, appropriate drainage, and long-term antibiotic therapy,
the prognosis has improved markedly (Chu et al; 1996), with mortality
rates in the range of 15-20% (Gyorffy et al; 1987&Hashimoto et al;
1995).

Poor prognostic factors are as follows:

e Age older than 70 years

e Multiple abscesses

e Polymicrobial infection

e Presence of associated malignancy or immunosuppressive disease

(Seeto et al; 1996& Branum et al; 1990).

e Evidence of sepsis (Seeto et al; 1996&Gyorffy et al; 1987&

Bowers et al; 1990& Chou et al; 1994& Wang et al; 2004).

Future and Controversies

Because of practitioners' increased experience in the laparoscopic
approach to liver lesions, laparoscopic drainage of pyogenic hepatic
abscesses is being performed safely, and the time required to carry out the
procedure has been reduced (Yanaga et al; 1994&Siu et al; 1997&
Robles et al; 1994).

The laparoscopic approach eliminates access trauma and can help
detect predisposing pathology.



Intraoperative laparoscopic ultrasonography can accurately detect
the location of the abscess to allow for drainage under ultrasonographic
guidance. It has thus far been shown as a relatively safe
alternative,(Robles et al;1994) and as experience with the use of the
laparoscope increases, its application in the management of hepatic

abscess continues to evolve (Rockey et al;1999&Yanaga et al;1994).

Imaging:

Fig. 33: Computed tomography scan of liver abscess revealing a
large, septated abscess of the right hepatic lobe. Abscess was
successfully treated with percutaneous drainage and antimicrobial

therapy. Image courtesy of Michelle V. Lisgaris, MD.

Fig. 34: Computed tomography scan of liver abscess revealing a large
anterior abscess involving the left hepatic lobe. Abscess was successfully

treated with percutaneous drainage and antimicrobial therapy. Image

courtesy of Michelle.
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b. Amebic abscess:

Amebic liver abscess is the most frequent extraintestinal
manifestation of Entamoeba histolytica infection. This infection is caused
by the protozoa E histolytica, which ascends the portal venous system.
Amebic liver abscess is an important cause of space-occupying lesions of
the liver, mainly in developing countries. Prompt recognition and
appropriate treatment of amebic liver abscess lead to improved morbidity
and mortality rates.

Pathophysiology

E histolytica exists in 2 forms. The cyst stage is the infective form,
and the trophozoite stage causes invasive disease. People who chronically
carry E histolytica shed cysts in their feces; these cysts are transmitted
primarily by food and water contamination. Rare cases of transmission
via oral and anal sex or direct colonic inoculation through colonic
irrigation devices have occurred.

Cysts are resistant to gastric acid, but the wall is broken down by
trypsin in the small intestine. Trophozoites are released and colonize the
cecum. To initiate symptomatic infection, E histolytica trophozoites
present in the lumen must adhere to the underlying mucosa and penetrate
the mucosal layer.

Liver involvement occurs following invasion of E histolytica into
mesenteric venules. Amebae then enter the portal circulation and travel to
the liver where they typically form large abscesses. The Gal/GalNAc
lectin is an adhesion protein complex that sustains tissue invasion
(Blazquez et al; 2007).

The abscess contains acellular proteinaceous debris, which is
thought to be a consequence of induced apoptosis (Stanley SL Jr. 2003)

and is surrounded by a rim of amebic trophozoites invading the tissue.



The right lobe of the liver is more commonly affected than the left
lobe. This has been attributed to the fact that the right lobe portal laminar
blood flow is supplied predominantly by the superior mesenteric vein,
whereas the left lobe portal blood flow is supplied by the splenic vein.
Frequency:

Amebic liver abscess is rare and is currently seen almost
exclusively in immigrants or travelers. In 1994, 2,983 cases of amebiasis
were reported to the Centers for Disease Control (CDC). The disease was
removed from the National Notifiable Diseases Surveillance System in
1995. An estimated 4% of patients with amebic colitis develop an amebic
liver abscess.

An estimated 10% of the population is infected with Entamoeba
dispar. Previously thought to be a nonpathogenic strain of E histolytica,
this type of amoeba does not produce clinical symptoms even in the
immunocompromised host.

International:

Worldwide, approximately 40-50 million people are infected
annually, with the majority of infections occurring in developing
countries. The prevalence of infection is higher than 5-10% in endemic
areas (Blessmann et al; 2003) and sometimes as high as 55% (Haque et
al; 2002).

The highest prevalence is found in developing countries in the
tropics, particularly in Mexico, India, Central and South America, and
tropical areas of Asia and Africa.

Mortality/Morbidity:

Infection with E histolytica ranks second worldwide among parasitic

causes of death, following malaria.



= Annually, 40,000-100,000 deaths are caused by infection with E
histolytica.
= Per year, a 10% risk of developing symptomatic invasive amebiasis
exists after the acquisition of a pathogenic strain.
Race:
All races can be affected by amebic liver abscess. Risk factors for
infection include travel or residence in endemic areas.

Sex:

Amebic liver abscess is marked by a 7-12 times higher incidence in
males than in females despite an equal sex distribution of noninvasive
colonic amebic disease among adults (Acuna-Soto et al; 2000).

However, no sexual preponderance exists among children.

Age:

Peak incidence of amebic liver abscess occurs in people in their

third, fourth, and fifth decades, although it can occur in any age group.

Clinical findings:
History:

The signs and symptoms of amebic liver abscess often are
nonspecific, resembling those of pyogenic liver abscess or other febrile
diseases (Hoffner et al; 1998& Hughes et al; 2000& Ravdin JI. 1995&
Ravdin et al; 2005).

« Time of onset:
o Patients with amebic liver abscess usually present acutely
(duration of symptoms <14 d), with the most frequent
complaints being fever and abdominal pain. This

presentation is characteristic of younger patients.



o

The subacute presentation is characterized by weight loss,
and in less than half the cases, abdominal pain and fever is

present.

« Abdominal pain:

o

o

Abdominal pain is the most common element in the history
and is present in 90-93% of patients.

The pain most frequently is located in the right upper
quadrant (54-67%) and may radiate to the right shoulder or
scapular area.

Pain increases with coughing, walking, and deep breathing,
and it increases when patients rest on their right side.

The pain usually is constant, dull, and aching.

. Constitutional symptoms:

o

@)

o

o

Fever is present in 87-100% of cases.
Rigors are present in 36-69% of cases.
Nausea and vomiting are present in 32-85% of cases.

Weight loss is present in 33-64% of cases.

« Diarrhea:

o

@)

Diarrhea is present in less than one third of patients at the
time of diagnosis.

Some patients describe a history of having had dysentery
within the previous few months.

Bloody diarrhea is present in 7% of cases.

« Pulmonary symptoms:

o

o

Pulmonary symptoms are present in 18-26% of cases.
The most frequent symptoms are cough and chest pain,
which may represent a sign of secondary pulmonary

involvement by abscess rupture in the pleural cavity.



o When coughing produces an odorless brown substance
similar to anchovy paste, a bronchopleural fistula has
developed (Mbaye et al; 1998).

« Recent travel to endemic areas:

o Onset of symptoms usually occurs within 8-12 weeks from
the date of travel.

o In 95% of cases, onset occurs within 5 months of returning
from travel to an endemic area.

o A remote travel history of as many as 12 years has been
reported.

Physical findings:
« Fever is the most common sign and is found in as many as 99% of
cases.
. Hepatomegaly is present in some cases.

o The frequency varies widely in different series published,
reporting as high as 63% in one series and as low as 18% in
another.

o Hepatomegaly with pain upon palpation is one of the most
important signs of amebic liver abscess.

o Point tenderness over the liver, below the ribs, or in the
intercostal spaces is a typical finding.

« Abdominal tenderness:

o In 55-75% of cases, abdominal tenderness is located in the
right upper abdominal quadrant.

o When the abscess is located in the left lobe (28% of cases),
epigastric tenderness is noted.

« Pulmonary abnormalities:



o

o

Pulmonary abnormalities are present in 20-45% of cases and
consist of dullness and rales at the right lung base and
nonproductive cough.

Breath sounds over the right lung base may be diminished.

Pleural rub may be audible.

« Jaundice (<10% of cases) mostly occurs in complicated cases with

multiple abscesses or a large abscess compressing the biliary tract.

« Signs of complications

o

Causes:

Signs of peritoneal irritation, such as rebound tenderness,
guarding, and absence of bowel sounds, are present when the
abscess ruptures in the peritoneal cavity. Peritonitis occurs in
2-7% of cases.

Pericardial friction rub can be audible when the abscess
extends into the pericardium. This sign is associated with
very high mortality.

Signs of pleural effusion are present when the abscess

ruptures in the pleural cavity.

The following are the risk factors associated with amebic liver

abscess:

« Immigrants from endemic areas.

« Institutionalized persons, especially people with mental retardation.

« Crowding and poor hygiene.

« Men who have sex with men (secondary to sexually acquired

amebic colitis).

« Presence of immunosuppression (eg, HIV infection, malnutrition

with hypoalbuminemia, alcohol abuse, chronic infections,

posttraumatic splenectomy, steroid use).



Differential Diagnoses:

Biliary diseases.

Hydated cyst.

Cholycystitis.

Liver abcess.

Malaria.

Echinococcus hydatid cysts.

Hepatocellular adenoma.

Other Problems to Be Considered:

Hepatitis.
Pneumonia.

Pulmonary disease.

Laboratory Studies:

e Hematology:

*

*

*

Approximately three fourths of patients with an amebic liver
abscess have leukocytosis. This most likely will appear if
symptoms are acute or complications have developed.

Eosinophilia is rare.

Anemia may be present, but the cause usually is multifactorial.

e Chemistry:

k

k

Hyperbilirubinemia is present in only a small proportion of cases.
In acute liver abscess, the aspartate aminotransferase (AST) levels
are high.

In chronic liver abscess, the alkaline phosphatase level tends to be
elevated and the AST level tends to be within normal limits.
Overall, the alkaline phosphatase level is elevated in about 70% of

cases of amebic liver abscess.



* Similar CBC count and liver test abnormalities are found in

patients with pyogenic liver abscesses and are not specific.

e Stool examination:

* The role of microscopic stool examination is limited. Less than 30-
40% of patients with amebic liver abscess have concomitant
intestinal amebiasis, and 10% of the population is infected with the
nonpathogenic strain of E dispar. Hence, the microscopic
examination of the stool for the identification of cysts is of little
value. If positive, it may suggest the diagnosis.

* Fecal findings suggestive of amebic colitis include a positive test
for heme, a paucity of neutrophils, and the presence of Charcot-
Leyden crystal protein. The stool examination is still of value if the
serologic and antigen identification tests are not available.

e Stool antigen detection:

* Stool antigen detection facilitates early diagnosis before an
antibody response occurs (<7 d) and differentiates pathogenic from
nonpathogenic Entamoeba infection. The primary drawbacks are
the requirement for fresh, unpreserved stool specimens (Tanyuksel
et al; 2003) and the lack of intestinal amebiasis in as many as 60%
of patients with amebic liver abscess.

*  Stool antigen detection kits based on enzyme immunoassay (EIA)
are most common and still quite sensitive compared to polymerase
chain reaction (PCR)-based methods( Solaymani et al; 2006).

* The PCR stool test shows high sensitivity for detecting E
histolytica and for distinguishing nonpathogenic amoebas
(Hamzah et al; 2006& Khairnar et al; 2007& Roy et al; 2005).

*  Stool culture for amoeba is sensitive but has limited availability
(Qvarnstrom et al; 2005).
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e Serologic testing:

Serologic testing is the most widely used method of diagnosis for amebic
liver abscess. In general, the test result should be positive, even in cases
when the result of the stool test is negative (only extraintestinal disease).

* EIA test detects antibodies specific for E histolytica in
approximately 95% of patients with extraintestinal amebiasis, in
70% of patients with active intestinal infection, and in 10% of
persons who are asymptomatic cyst passers (Knobloch et al;
1983& Restrepo et al; 1996).

* The EIA serology findings revert to negative in 6-12 months
following eradication of infection. Even in highly endemic areas,
fewer than 10% of patients who are asymptomatic have positive
amebic serology findings.

* |nitial negative test results may appear in as many as 10% of
patients with amebic liver abscess. Under these circumstances,
order repeat serology testing in 1 week. This test result will usually
be positive.

e Serum antigen detection:

* E histolytica galactose lectin antigen is detectable by enzyme-
linked immunosorbent assay (ELISA) in at least 75% of serum
samples obtained from patients with amebic liver abscess. Studies
reported an antigen seropositivity of 96% with a reversal rate of
82% after 1 week of treatment with metronidazole. This test may
be useful for patients who present acutely, before an antibody
response occurs. (Tanyuksel et al; 2003).

* Rapid antigen and antibody tests are currently being evaluated and

seem very promising (Leo et al; 2006).
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Imaging Studies:

Ultrasonography is the preferable initial diagnostic test. It is

rapid, inexpensive, and is only slightly less sensitive than CT
scan (75-80% sensitivity vs 88-95% for CT scan).

o

Ultrasonography simultaneously evaluates the gallbladder
and avoids radiation exposure.

As opposed to scanning with technetium-99m, sonography
often can distinguish an abscess from a tumor or other solid
focal lesion.

The lesions tend to be round or oval, with well-defined

margins, and hypoechoic.

CT scan is sensitive but the findings are not specific.

o

MRI

The abscess typically appears low density with smooth
margins and a contrast-enhancing peripheral rim.

The use of injected contrast may differentiate hepatic
abscesses from vascular tumors.

is sensitive, but the findings are not specific. This test

provides information comparable with less expensive imaging

procedures.

Technetium-99m liver scanning is useful for differentiating an

amebic liver abscess from a pyogenic abscess; however, it is not

used as a first-line test.

@)

Because amebic liver abscesses do not contain leukocytes,
they appear as cold lesions on hepatic nuclear scanning, with
a typical hot halo or a rim of radioactivity surrounding the
abscess.

In contrast, pyogenic liver abscesses contain leukocytes and,
therefore, typically appear as hot lesions on nuclear
scanning.
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o Gallium scanning is helpful in differentiating pyogenic abscess
(similar to technetium-99m nuclear hepatic scanning) but requires
delayed images, which makes the test less helpful.

« Hepatic angiography is only useful to differentiate liver abscesses
from vascular lesions.

« Plain chest or abdominal films may show elevation and limitation
of motion of the right diaphragm, basilar atelectasis, and right
pleural effusion or gas within the abscess cavity.

« None of the imaging tests can definitely differentiate a pyogenic
liver abscess, an amebic abscess, or malignant disease. Clinical,
epidemiological, and serological correlation is needed for
diagnosis.

Treatment:
I) Medical Care:

Most uncomplicated amebic liver abscesses can be treated
successfully with amebicidal drug therapy alone. Use tissue amebicides to
eradicate the invasive trophozoite forms in the liver. After completion of
treatment with tissue amebicides, administer luminal amebicides for
eradication of the asymptomatic colonization state. Failure to use luminal
agents can lead to relapse of infection in approximately 10% of patients.

In general, metronidazole, tinidazole, emetine, and dehydroemetine
are active in invaded tissues; chloroquine is active only in the liver;
tetracycline acts on the bowel wall; and diloxanide furoate,
paromomycin, and iodoquinol are luminal agents only.
¢ Metronidazole remains the drug of choice for amebic liver abscess.

Metronidazole enters the protozoa by passive diffusion and is

converted to reactive cytotoxic nitroradicals by reduced ferredoxin or

flavodoxin.
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+» Tinidazole, another nitroimidazole closely related to metronidazole,

was approved for the treatment of amebic liver abscess and invasive

amebiasis. Tinidazole is well tolerated by patients. Tinidazole may be

administered once daily and appears to be at least as effective as

metronidazole, with a clinical cure rate of more than 90%.

*

Metronidazole, 750 mg 3 times a day orally for 10 days, was
reported to be curative in 90% of patients with amebic liver
abscess. The drug also is available for intravenous administration
for those patients who are unable to take medication by the oral
route.

Resolution of symptoms is fairly rapid and is observed within 3
days in most of the patients in the United States. In endemic areas
outside the United States, it takes relatively longer to resolve
symptoms because the abscesses are quite large or multiple by the
time patients seek medical attention.

In vivo resistance to metronidazole by E histolytica has not been
reported. Nevertheless, in vitro studies have shown an association
between metronidazole resistance and decreased expression of
ferredoxin 1 and flavodoxin and increased expression of iron-
containing superoxide dismutase and peroxiredoxin in E
histolytica.

Adverse effects of metronidazole include nausea, headache, and
metallic taste. Abdominal cramps, vomiting, diarrhea, and
dizziness also may occur. Dark urine may occur from a metabolite
of the drug.

No randomized controlled trials exist that demonstrate the benefits

of combination therapy over monotherapy.
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Other closely related amebicidal agents, such as secnidazole or

ornidazole, can be substituted in appropriate dosages.

¢ Chloroquine phosphate may be substituted or added in the event of

L)

failure of resolution of clinical symptoms with metronidazole or
another nitroimidazole within 5 days or intolerance to metronidazole
or a nitroimidazole. Chloroquine has the disadvantage of being
associated with higher relapse rates than nitroimidazoles. Adverse
effects include gastrointestinal upset, headache, dizziness, and blurred
vision. Retinopathy does not occur at the dose used for amebic liver
abscess.

Emetine or dehydroemetine has a direct lethal action on the
trophozoites of E histolytica. These agents are very toxic and,
therefore, should be used only as a second-line therapy. Their toxicity
includes cardiac arrhythmias, precordial pain, muscle weakness,
vomiting, and diarrhea. Dehydroemetine is less toxic than emetine.

Administer a luminal amebicidal agent to eradicate the intestinal

carriage after the amebic liver abscess has been treated with one of the

above tissue amebicides. Failure to use luminal agents can lead to relapse

of infection in approximately 10% of patients.

Luminal agents with proven efficacy include:

+ Diloxanide furoate is free of major adverse effects. The most
common adverse effect is flatulence and occasional gastrointestinal
upset.

¢ lodoquinol (diiodohydroxyquin) rarely causes abdominal pain,
diarrhea, or rash. A structurally related diiodohydroxyquin caused
subacute myelopticoneuropathy and is obsolete now.

s Although paromomycin may occasionally cause nausea,
abdominal cramps, or diarrhea, it is the preferred luminal

amebicidal.
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II) Surgical Care:

Consider therapeutic aspiration of amebic liver abscess in the
following situations: (1) high risk of abscess rupture, as defined by
cavity size greater than 5 cm; (2) left lobe liver abscess, which is
associated with higher mortality and frequency of peritoneal leak
or rupture into the pericardium; (3) failure to observe a clinical
medical response to therapy within 5-7 days; and (4) cannot
differentiate from a pyogenic abscess.

The following are predictive of the need for aspiration: (1) age
older than 55 years, (2) abscess greater than 5 cm in diameter, and
(3) failure of medical therapy after 7 days(Khan et al; 2008).

In endemic areas, because of the late presentation and the existence
of multiple abscesses, as many as 50% of patients may require
aspiration (Khanna et al; 2005).

Routine needle aspiration offers only minimal benefit over medical
care alone for uncomplicated amebic liver abscess and, unless one
of the above indications exists, should be avoided (Blessmann et
al; 2003). Prompt medical care decreases the need for aspiration
(Maltz et al; 1991).

Procedures:

Imaging guided needle aspiration & catheter drainage are the

procedures of choice. Generally, surgical drainage is not necessary and

should be avoided; however, consider open surgical drainage when the

abscess is inaccessible to needle drainage , rupture of the abscess is

thought to be imminent, differentiation between amebic abscess and

pyogenic abscess is critical, or no response to antiprotozoal therapy

occurs in 5-7 days.

¢ Simple needle aspiration is less invasive, is less expensive, and has

the advantage of being able to drain multiple abscesses in the same
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session. Simple needle aspiration avoids problems related to
catheter care.

» Although catheter drainage may be more effective than needle

L)

aspiration, in a study by Rajak et al, (Rajak et al; 1998), the
average time for clinical improvement, mean hospital stay, and
time to resolution were similar among the patients who were
successfully treated in the 2 treatment groups.

+« Aspiration may be performed under CT scan or sonographic
guidance. Send the collected specimen for Gram stain and
cultures.Amebas rarely are recovered from the aspirate (15%), and
often they are present only in the peripheral parts of the abscess,
invading and destroying adjacent tissue.

s Amebic liver abscesses only rarely yield positive bacterial cultures
following secondary bacterial infection of the abscess cavity.

+» Detecting E histolytica antigen in the aspirate is possible and is
accomplished as previously described for stool specimens. It is
highly specific. The sensitivity was only 20% using ELISA, but
newer PCR-based assays have a sensitivity of 83% and a
specificity of 100%. (Khan et al; 2006). However, currently, PCR-
based detection is not widely available.

+ Many possible complications are associated with aspiration of the
abscess. The most common complications are infection and
bleeding. Other complications include amebic peritonitis or
inadvertent puncture of an echinococcal cyst.

Histologic Findings:

The liver involvement in amebiasis consists of necrotic abscesses
and periportal inflammation. The abscess contains acellular proteinaceous

debris and is surrounded by a rim of amebic trophozoites invading tissue.



The abscess contains a chocolate-colored fluid that resembles
anchovy paste and consists predominantly of necrotic hepatocytes.
Triangular areas of hepatic necrosis, possibly due to ischemia from
amebic obstruction of portal vessels, have been observed. E histolytica
can also induce hepatocyte and neutrophilic apoptosis.

Diet:

No specific diet change or modification is required. However,
discuss food hygiene with patients because amebiasis is associated with
suboptimal personal or food hygiene.

Activity:

« No restriction of activity is needed, except during the first few days
of acute illness with pain.

. If emetine or dehydroemetine is used, the patient should remain
sedentary for approximately 4 weeks after completing therapy
because of their toxicity.

Follow-up:
Further Outpatient Care:

« Follow-up ultrasonography or CT scan is unnecessary after
resolution of symptoms and signs because the radiological
resolution may take several months to years.

« Luminal amebicides fail to eradicate the luminal forms of E
histolytica in approximately 10-15% of patients treated with these
agents; therefore, a follow-up stool examination is recommended
after completion of therapy. A second course of a luminal
amebicide is required in a few weeks if the first course fails to

eradicate the intestinal carriage.



Prevention:
1. Control of amebiasis can be achieved by exercising proper sanitary
measures and avoiding fecally contaminated food and water.
¢ Regular examination of food handlers and thorough
investigation of diarrheal episodes may identify the source of
infection in some communities.

+ Vegetables must be cleaned with a strong detergent soap and

)

soaked in acetic acid or vinegar for approximately 15 minutes to
eradicate the cyst forms.

+ Boiling is the only effective means of eradicating the cysts in
water.

s Travelers to areas with suboptimal sanitation and hygiene
should eat only cooked foods or fruits peeled by themselves and
should avoid drinking local water, including ice cubes
frequently used for cocktails. Notably, many types of bottled
water in developing countries are not properly disinfected.

2. No prophylactic vaccine currently is available for amebiasis, but
efforts to better define antigenic candidates are encouraging.
(Stanley et al; 2006 & Snow et al; 2006).
¢ A serine-rich E histolytica protein (SREHP) has been expressed

in avirulent vaccine strains of Salmonella species.

o E histolytica galactose/N -acetyl-D-galactosamine
(Gal/GalNAc)(Houpt et al 2004) and synthetic enhanced
intranasal lectin-based amebiasis subunits (Abd Alla et al;
2007) have been extensively studied as attractive candidates for
vaccine development.

¢ Gal-inhibitable lectin shows promise in animal studies. (lvory
et al; 2007).
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Complications:

1.

Pleuropulmonary infection is the most common complication.
Mechanisms of infection include development of a sympathetic
serous effusion; rupture of a liver abscess into the chest cavity,
leading to empyema; or hematogenous spread, resulting in
parenchymal infection.

Bronchopleural fistula may occur in rare instances when patients
expectorate a substance that resembles anchovy paste.
Trophozoites may be demonstrated in the fluid.

Cardiac involvement results following the rupture of an abscess
involving the left lobe of the liver. It usually is associated with very
high mortality.

Intraperitoneal rupture occurs in 2-7% of patients. Left lobe
abscesses are more likely to progress to rupture because of their

later clinical presentation.

. Bacterial superinfection can occur.
. Rupture into peritoneal organs and mediastinum can occur.

. Cases of hepatic artery pseudoaneurysm have been reported.

Prognosis:

In most cases, rapid clinical improvement is observed in less than 1
week with antiamebic drug therapy alone. Radiological resolution
lags behind the resolution of clinical symptoms. The average time
to radiological resolution is approximately 12 months, with a range
of 3 months to more than 10 years.

Death occurs in approximately 5% of persons having
extraintestinal infection, including liver abscess. Rupture into the
peritoneal cavity and the pericardium are responsible for most
deaths.
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Imaging:

Fig. 35: CT scan of the abdomen with IV and oral contrast is shown.

Note the thick-walled cavity with low attenuation center and contrast-

enhanced periphery.

Fig.36: CT scan of the abdomen with contrast showing large amebic
abscess with multiloculated appearance and atypical left liver lobe
location. CT scan cannot differentiate amebic liver abscess from

pyogenic liver abscess.
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4.Fibropolycystic Liver Disease

Fibropolycystic liver disease encompasses a spectrum of related
lesions of the liver and biliary tract that are caused by abnormal
embryologic development of the ductal plates (Sherlock S.1999&Ishak
et al; 2001&Summerfield et al; 1986&Desmet VJ. 1992). These lesions;
(congenital hepatic fibrosis, biliary hamartomas, Caroli disease,
choledochal cysts) can be clinically silent or can cause signs and
symptoms such as cholangitis, portal hypertension, gastrointestinal
bleeding, infections, and space-occupying masses.

The different types of fibropolycystic liver disease demonstrate
characteristic findings at computed tomography (CT) and magnetic
resonance (MR) imaging.

Patients with congenital hepatic fibrosis typically have imaging
evidence of liver morphologic abnormalities, varices, splenomegaly, renal
lesions, and other associated ductal plate abnormalities.

Biliary hamartomas usually manifest as multiple cysts that are
nearly uniform in size and measure up to 15 mmin diameter.

Autosomal dominant polycystic disease typically manifests as an
enlarged and diffusely cystic liver.

In Caroli disease, cystic or fusiform dilatation of the intrahepatic
ducts is seen, as well as the "central dot sign," which corresponds to a
portal vein branch protruding into the lumen of a dilated bile duct.

Choledochal cyst manifests as a fusiform or cystic dilatation of the
extrahepatic bile duct.

Awareness of these CT and MR imaging features is essential in
detecting and differentiating between various fibropolycystic liver

diseases and can assist in proper management. (Krause et al; 2002).
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a. Congenital Hepatic Fibrosis

Congenital hepatic fibrosis is a dynamic disorder that is
characterized histologically by a variable degree of periportal fibrosis and
irregularly shaped proliferating bile ducts (Benhamou J. 1999&
Bernsteinet al;1988&Bayraktar et al;1997&0Odievre et al;1977&
Averback P. 1977).

The term autosomal recessive polycystic disease is used for those
cases in which renal involvement is the predominant feature. There is a
progression in the extent of liver fibrosis over time, with occasional
evolution into true cirrhosis of the liver (De Ledinghen et al; 1998).

In most patients, the first manifestations of the disease are signs or
symptoms related to portal hypertension, especially splenomegaly and
varices, often with spontaneous gastrointestinal bleeding.

The timing of the onset of signs and symptoms is variable, ranging
from early childhood to the 5th or 6th decade of life, although most cases
are diagnosed in adolescents or young adults (De Vos et al; 1988).

Liver function test results may remain normal or be only modestly
elevated.

In patients with congenital hepatic fibrosis, there are some
distinctive hepatic morphologic findings (along with associated
abnormalities). Atrophy of the right lobe and hypertrophy of the left
lateral segment and caudate lobe are common both in patients with
congenital hepatic fibrosis and in those with advanced viral or alcoholic
cirrhosis.

However, small medial segments are rarely observed in congenital
hepatic fibrosis (Zeitoun et al; 2004); instead, the medial segment is
normal in size or enlarged, a morphologic finding that may be useful in

distinguishing congenital hepatic fibrosis from cirrhosis.

148



Some distinct CT features are frequently observed in association
with congenital hepatic fibrosis, namely, liver morphologic findings
(hypertrophic left lateral segment, normal or hypertrophic left medial
segment, atrophic right lobe), varices, splenomegaly, associated ductal
plate malformations, and renal abnormalities (Zeitoun et al; 2004).

The presence of one or more associated congenital abnormalities of
the biliary tree is not surprising, since all of these conditions belong to the
same spectrum of ductal plate malformations.

In patients with congenital hepatic fibrosis, an enlarged hepatic
artery has been described with associated large multiacinar regenerative
nodules as a consequence of augmented arterialization of the liver
(Desmet VJ. 1992).

Because the definition of nodular regenerative hyperplasia implies
that no fibrosis is interspersed between the nodules, nodules encountered
in patients with congenital hepatic fibrosis are better defined as large
regenerative nodules owing to the presence of fibrosis in the surrounding

liver and the potential progression to cirrhosis.
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Fig. 37. Congenital hepatic fibrosis.

(a) Axial T2-weighted MR image shows enlargement of the lateral
segment (LS) and medial segment (MS), severe atrophy of the posterior
segment (arrowheads), and renal cysts. The gall-bladder (g) separates
the right lobe from the medial segment. Splenomegaly (not shown) was
better visualized on a different section.

(b) Axial T2-weighted MR image obtained at a different level more clearly
depicts the coexistence of humerous biliary hamartomas (arrows). Two

hypointense regenerative nodules are also seen (arrowheads).

Fig. 38. Congenital hepatic fibrosis and Caroli syndrome in a 24-year-
old man. Coronal T2-weighted MR image shows splenomegaly (S),
multiple renal cysts (arrows), and saccular dilatation of the intrahepatic
biliary tree (arrowhead), findings that are typically seen in association

with Caroli disease.
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Figure 39. Congenital hepatic fibrosis.

(a) Transverse contrast material-enhanced arterial phase helical CT scan
shows a tangled cluster of abnormally enlarged hepatic arteries at the
hilum (arrow).

(b) Transverse contrast-enhanced portal venous phase helical CT scan
shows a dysmorphic liver, with enlargement of the medial segment
(arrowheads) and lateral segment and an atrophic right lobe. Had
arterial phase images not been obtained, the hepatic arteries at the
hilum could have been mistaken for portal vein cavernomatosis. In this
case, there was an association of congenital hepatic fibrosis with biliary
hamartomas and Caroli disease.
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b.Biliary Hamartomas

Biliary hamartomas, also known as biliary microhamartomas or
von Meyenburg complex, are composed of one or more dilated ductlike
structures lined by biliary epithelium and accompanied by a variable
amount of fibrous stroma (Cavallari A. 1997).

Biliary hamartomas are typically multiple round or irregular focal
lesions of nearly uniform size (up to 15 mm) scattered throughout the
liver. These lesions are often discovered incidentally, and if the patient
has a primary neoplasm they can be mistaken for metastatic disease.

The lesions are hypoattenuating at CT (Lev-Toaff et al; 1995),
hypointense at T1-weighted MR imaging, and hyperintense at T2-
weighted imaging (Cheung et al; 1997& Mortele et al; 2002& Slone et
al; 1993& Yaziji et al; 1997).

If the echo time is increased at T2-weighted imaging, the signal
intensity of these lesions increases further and approaches that of
cerebrospinal fluid. The lesions do not usually show contrast
enhancement, although a peripheral enhancing rim has been described
(Semelka et al; 1999).

The differential diagnoses for biliary hamartomas include
metastatic disease and simple hepatic cysts (Mortele et al; 2001). Biliary
hamartomas are relatively uniform in size, whereas metastatic lesions are
usually more heterogeneous in size and in attenuation or signal intensity.

Compared with biliary hamartomas, hepatic cysts are rarely as
uniformly small or numerous, whereas the cysts in autosomal dominant
polycystic disease are usually larger and more numerous.

The differential diagnoses for biliary hamartomas include
metastatic disease and simple hepatic cysts (Mortele et al; 2001). Biliary
hamartomas are relatively uniform in size, whereas metastatic lesions are

usually more heterogeneous in size and in attenuation or signal intensity.
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Compared with biliary hamartomas, hepatic cysts are rarely as
uniformly small or numerous, whereas the cysts in autosomal dominant

polycystic disease are usually larger and more numerous.

Imaging:

Figure 40. Biliary microhamartomas.

(a) Photograph of a hepatectomy specimen shows multiple 5-mm cystic
lesions in the hepatic parenchyma (arrows).

(b) Photomicrograph (original magnification, x50; hematoxylin-eosin
stain) shows a lesion (arrowheads) containing several cystic spaces,
which are interspersed with fibrous stroma and lined by a layer of biliary
epithelium. Normal hepatic parenchyma surrounds the hamartoma. Note

the inspissated bile plugs within the dilated bile ducts (arrow).
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Figure 41. Biliary microhamartomas.

(a) Axial portal venous phase CT scan shows multiple hypoattenuating
cystic lesions in both lobes that measure up to 10 mm in diameter.

(b) Axial portal venous phase Tl-weighted MR image shows multiple
nonenhancing hypointense lesions measuring up to 10 mm scattered
throughout the liver.

(c) Axial T2-weighted MR image shows innumerable high-signal-intensity
liver lesions (arrowheads).

(d) Coronal MR cholangiogram shows no communication between the
cystic lesions and the normal-sized intra- and extrahepatic biliary

system. Note also the normal-sized main pancreatic duct (arrowheads).
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c. Caroli Disease and Caroli Syndrome

Caroli disease is characterized by multifocal segmental dilatation of
the large intrahepatic bile ducts, which retain their communication with
the biliary tree (Guy et al; 2002& Levy et al; 2002& Miller et al; 1995&
Fulcher et al; 2001). The inheritance is autosomal recessive.

Two types of Caroli disease are described in the literature: Caroli
disease proper, which is caused by arrested remodeling of the ductal
plates of the larger intrahepatic ducts, and Caroli syndrome (ie, Caroli
disease with congenital hepatic fibrosis), in which the arrest of
remodeling occurs both in the early period of bile duct embryogenesis and
later during the development of the more peripheral biliary ramifications
(Desmet VJ.1992& Desmet VJ.1992).

At radiology, Caroli disease typically manifests as saccular or
fusiform cystic dilatations of the intrahepatic bile ducts up to 5 ¢cm in
diameter, often containing calculi or sludge.

Contrast-enhanced CT or gadolinium-enhanced MR imaging of the
liver often shows fibrovascular bundles with strong contrast enhancement
within dilated cystic intrahepatic ducts. This finding (central dot sign)
(Choi et al;1990) corresponds to a portal vein branch protruding into the
lumen of a dilated bile duct or a linear hyperattenuating or high-signal-
intensity focus containing a portal vein and bridging the cyst wall.

Direct imaging of the biliary tree with cholangiography shows that
the cystic dilatations communicate with the biliary tree. Cholangiography
will show saccular or fusiform dilatations of portions of the intrahepatic
ducts, sometimes containing filling defects representing intrahepatic
calculi. MR cholangiography is capable of noninvasively demonstrating
the communication between the cystic dilatations and the biliary tree, thus
helping rule out conditions such as polycystic liver disease and biliary

hamartomas.
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Complications in Caroli disease are mostly due to bile stagnation,
which leads to cholangitis, stone formation (predominantly bilirubin) ,and
liver abscesses. If stones migrate into the common bile duct, jaundice may
occur.

In Caroli syndrome, cystic biliary dilatation along with congenital
hepatic fibrosis, portal hypertension, and hematemesis due to ruptured
esophageal varices are more likely to be seen at presentation than are
cholangitis or jaundice. Secondary biliary cirrhosis can occur due to
biliary obstruction.

Malignancy has been described as a complication.
Cholangiocarcinomas have also been reported, with a prevalence of 7%
(Bloustein PA.1977).

Orthotopic liver transplantation is considered in patients with
diffuse liver disease that is causing frequent cholangitis or secondary
biliary cirrhosis.

The differential diagnoses for Caroli disease include primary
sclerosing cholangitis and recurrent pyogenic cholangitis. However,
primary sclerosing cholangitis is characterized by concomitant multiple
irregular strictures of the intra- and extrahepatic bile ducts,
pseudotumoral enlargement of the caudate lobe, and a lobulated liver
contour (Dodd et al; 1999).

In recurrent pyogenic cholangitis, the dilatation involves the intra-
and extrahepatic ducts and is not saccular in nature. The intrahepatic
ducts usually show central dilatation with sudden tapering toward the
periphery and are dilated both proximal and distal to the stones (Lim
JH.1991& Federle et al; 1982).
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Figure 42. Caroli disease. (a) Unenhanced CT scan shows multiple
stones (arrowheads) within dilated bile ducts (arrows). (b) Axial T2-
weighted MR image shows multiple hyperintense cystic ectasias (arrows)
and calculi (arrowheads). (c) Coronal MR cholangiogram shows multiple
dilated bile ducts with calculi. Multiple stones are seen within the dilated
common bile duct (arrow). The cystic dilatations communicate with the

major biliary tree.

Figure 43. Caroli disease. (a) Unenhanced CT scan shows a dysmorphic
liver. Multiple stones (arrows) are seen within the bile ducts. (b)
Photograph of the cut surface of the explanted liver shows multiple black
bilirubin casts within the intrahepatic bile ducts (arrow). Scale is in

centimeters.
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Figure 44. Caroli disease. Axial portal venous phase T1-weighted (a)
and T2-weighted (b) MR images show multiple cystic dilatations of the

intrahepatic bile ducts (arrows in a). The central fibrovascular bundle
(central dot sign) is also seen (arrowhead).

Figure 45. Caroli disease. Percutaneous transhepatic cholangiogram
shows multiple saccular dilatations of the intrahepatic bile ducts

(arrows), mostly at the periphery of the liver, and fusiform dilatation of
the common bile duct.
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Figure 46. Primary sclerosing cholangitis.

(a) Unenhanced CT scan shows hypertrophy of the caudate lobe
(arrowheads) and decreased attenuation of the surrounding right lobe.
The relative hyperattenuation of the caudate lobe gives the appearance
of pseudotumor.

(b) Contrast-enhanced CT scan better shows dilatation of the
intrahepatic biliary tree (arrow). The posterior segment of the right
hepatic lobe is severely atrophic (arrowhead). The elongated appearance
of intrahepatic biliary dilatation in primary sclerosing cholangitis allows
differentiation from the typical cystlike dilatation observed in Caroli

disease.
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d.Choledochal Cysts

The etiology of choledochal cysts remains controversial. One
theory is that choledochal cysts are part of congenital fibrocystic disease,
a ductal plate malformation of the extrahepatic bile duct. This theory is
supported by the frequent combination of choledochal cysts with other
intra- and extrahepatic disorders (Summerfield et al; 1986), with or
without concomitant liver fibrosis.

Another theory is based on the presence of a pancreaticobiliary
junction anomaly that predisposes to the reflux of pancreatic enzymes
into the common bile duct (Kim et al; 2002& Kim et al; 1995& Iwai et
al; 1992&Babbitt et al; 1973). This reflux produces chemical and
inflammatory changes, with resulting weakness and dilatation of the bile
duct wall.

The combination of intrahepatic and extrahepatic bile duct
dilatation is designated as a type IVVa choledochal cyst according to the
Todani classification system (Todani et al; 1984).

At imaging, choledochal cysts appear as cystic or fusiform
dilatation of the common bile duct (Savader et al; 1991).

Cholangiography best demonstrates the biliary tree and the
pancreaticobiliary junction. MR cholangiography allows noninvasive
evaluation of the bile duct and associated abnormalities.

Choledochal cysts vary greatly in size, with some of the larger
cysts containing 5-10 L of bile. Treatment consists of complete resection

of the cyst and hepaticojejunostomy.
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Figure 47. Choledochal cyst (type 1).
(a) Contrast-enhanced CT scan shows a cystic mass (C) well

demarcated due to dilatation of the distal portion of the common bile
duct.

(b) Coronal oblique multiplanar reformatted image shows fusiform
dilatation of the common bile duct (arrow). Note also the dilatation of

the intrahepatic biliary tree (arrowhead).

a. b.
B

Figure 48.

a. Choledochal cyst (type 1). Percutaneous transhepatic
cholangiogram shows a large choledochal cyst (C) at the level of the
extrahepatic bile duct. Note the aberrant entry of the common bile duct
at the side of the pancreatic duct (arrowhead).

b. Photograph shows an excised type 1 choledochal cyst of the
common bile duct (arrow) in continuity with the cystic duct and the
gallbladder (arrowhead). Scale is in centimeters.
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5.Neoplastic cysts:

Benign: Hepatic Cystadenomas.

Hepatic (biliary) cystadenomas are rare multilocular cystic tumors
of the liver that are derived from the biliary epithelium and are
predominantly located in the right hepatic lobe. These tumors usually
involve the hepatic parenchyma (approximately 85% of cases) and
occasionally the extrahepatic biliary tract (Franko et al;2006).

The size of the tumor is variable and ranges from 1.5-15 cm in
diameter; it weighs as much as 6000 grams.

In 1892, Keen reported the first case of hepatic cystadenoma,
which now accounts for 5% of all cystic lesions of the liver.

Hepatic cystadenomas are benign tumors, but they have a high rate
of recurrence and a potential for neoplastic transformation in
approximately 10% of cases. Removing these tumors and making a
proper diagnosis is important, rather than monitoring them as is
appropriate for other common benign hepatic tumors, such as focal
nodular hyperplasia (FNH), adenoma, and hemangioma (Teoh et al;
2006).

Pathophysiology:

Hepatic cystadenomas appear as multilocular cystic lesions (rarely
unilocular) that are surrounded by a smooth and thick fibrous capsule.
The tumors contain numerous internal septations and intraluminal
papillary projections, which are lined by mucous-secreting cuboidal or
columnar biliary epithelium (Terada et al; 1997). This epithelium is
sometimes surrounded by a dense mesenchymal stroma containing
smooth-muscle cells. A loose layer of collagen-containing blood vessels,
nerves, and bile ducts further surrounds this area. True connections with

the biliary tree are rare.
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Traditionally, cystadenomas are thought to originate from the
biliary epithelium, possibly from a congenitally aberrant bile duct. Other
possibilities are that the tumors arise directly from embryonic foregut
cells or peribiliary endocrine cells.

Two types of hepatic cystadenomas are described pathologically,
as follows: mucinous and serous. Mucinous cystadenoma is the
predominant type (95% of cases) that occurs in women. They are located
in the intrahepatic region (84%), the common bile duct (6%), the hepatic
ducts (4%), and the gallbladder (2%).

Frequency:

The prevalence of hepatic cystadenomas is low. These tumors
account for a very small number of all hepatic tumors.
Mortality /Morbidity:

Because of their premalignant potential, untreated lesions carry
significant mortality. Some authors report a malignant transformation rate
of as high as 20-30% (Woods GL; 1981). However, in most series,
hepatic cystadenomas carry an extremely low risk of mortality and
morbidity after proper surgical resection.

Race:

The true prevalence of cystadenomas in different races is unknown.
Sex:

Most tumors (80-85%) occur in women. The etiology of
cystadenoma is unclear, but hormonal involvement is possible.

Age:

The peak frequency of hepatic cystadenomas is in patients aged 30-
50 years (mean age, 41.7-53.4 y), with two thirds of cases occurring in
patients aged 40 years or older. These tumors may arise as early as the
first or second decade of life; however, they are extremely rare in

children.
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Clinical Findings:
History:

Hepatic cystadenomas are often discovered incidentally at a routine
physical examination or on imaging studies, such as ultrasound (US) or
CT scan. Less frequently, nonspecific symptoms related to compression
of a neighboring organ may be noted. Presenting symptoms depend on
the size and the location of the lesion. The final diagnosis is made after
surgical resection. Roughly 15% of patients present with:

a. Small intrahepatic lesions, which are usually asymptomatic and
discovered incidentally after screening ultrasonography.

b. For larger lesions, the typical presentation is that of an expanding
mass in the right upper quadrant accompanied by pain, nausea,
vomiting, and, in selected cases, cholangitis and sepsis.

c. Unusual presentations include obstructive jaundice, ascites
secondary to portal vein compression, and intracystic hemorrhage.

d. Acute abdomen is a rare presentation and may be caused by the
rupture of the cystic wall, intra-peritoneal hemorrhage, or cyst
torsion (Catinis et al; 1988).

Physical examination:

Physical examination findings from patients with hepatic
cystadenomas are usually unremarkable unless the tumor has reached a
significant size and causes compressive symptoms.

Physical examination may reveal:

a. A palpable and tender mass in the right upper quadrant or
epigastrium.

b. Hepatomegaly (less common).

c. Lower-extremity edema and/or signs of portal hypertension may
occur in patients with lesions large enough to compress the portal

vein or vena cava.
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d. Splenomegaly may be an indication of a compressive effect on the

portal circulation, with development of portal hypertension. These

patients also may develop ascites.

e. Jaundice suggests obstruction of the biliary system. Rare extension

of the lesion in a pedunculated fashion inside the biliary system
(Dardik et al; 1964).

f. Obstruction of the inferior vena cava may cause marked lower-

extremity edema.

g. In the rare occurrence of intraperitoneal rupture of the lesion, the

patient may have signs typical of acute peritonitis.

Causes:

The etiology of hepatic cystadenomas is unknown.

The resemblance of embryonic structures, such as the
gallbladder and the biliary tree, originating from the foregut
suggests that these lesions arise from ectopic remnants. The fact
that these tumors have been described as early as the first
decade of life supports this theory.

Immunohistochemistry and electron microscopy studies have
contradicted the possible origin of these tumors from ectopic
ovarian tissue.

Environmental factors may play a significant role. Most tumors
appear later in life.

The marked female preponderance suggests a role for hormonal

influence.

Differential Diagnoses:

e Hepatic Cysts.

e Hepatocellular Adenoma.
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Other Problems to Be Considered:

e Hepatic cystadenomas are considered in the differential diagnosis
of other hepatic cystic lesions, including simple cysts, echinococcal
cysts, and cystadenocarcinomas.

e Intracystic hemorrhage, septations, or mural nodularity can be
present both in cystadenomas and in other cystic lesions.

e Less commonly, cystadenomas may be confused with necrotic
neoplasms, cystic metastases, abscesses, cystic hamartomas,
embryonal sarcomas, hematomas, or other congenital cysts.

e Diagnostic questions also may arise in patients with Caroli disease
or other forms of polycystic liver disease.

e Multiple bile duct hamartomas (von Meyenburg complex) can also
mimic biliary cystadenoma, both for presentation and for imaging
(Karahan et al; 2007).

Laboratory Studies:

Although liver test results may be normal in patients with biliary
cystadenomas, elevation of alkaline phosphatase, bilirubin, and, less
commonly, aminotransferase levels can be present.

Superinfection of the tumor may cause leukocytosis with a left
shift. Anemia is extremely rare but theoretically possible secondary to
bleeding.

Carbohydrate antigen (CA) 19-9 levels may be elevated in some
cases. Carcinoembryonic antigen (CEA) and alpha-fetoprotein levels are
usually normal (Horsmans et al; 1996).

Cyst fluid analysis at laparoscopy has been proposed in the surgical
management of hepatic cysts. Elevated intracystic CA19-9 values were
found in biliary cystadenomas compared to those of simple cysts
(Koffron et al; 2004).
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Imaging Studies:

Imaging studies are the key element of the workup.

On US, hepatic cystadenomas appear as anechoic lesions with
internal septations. Focal hyperechoic areas within the lesion are common
and can represent focal wall fibrosis, intracystic hemorrhage, or papillary
projections.

On CT scan, the tumor appears as low-attenuation water density
areas with focal enhancement after contrast administration. The septa and
the mural nodules often are visualized. Involvement or compression of
the portal vein and biliary tree can be appreciated best by CT scan
(Kanamori et al; 1985).

MRI can help provide additional information about the nature of
the cystic fluid (ie, hemorrhagic vs serous or mucinous). Lesions appear
hyperintense on T2-weighted images and hypointense on T1-weighted
Images, sometimes with reduced perilesional rim signal intensity on T2-
weighted images.

Intracystic hemorrhage produces higher signal intensity on T1-
weighted images than mucinous or bilious fluid content (Baudin et al;
2006).

US is more sensitive in identifying internal septations, whereas CT
scan provides anatomical relation to the liver.

Other Tests:

Endoscopic retrograde cholangiopancreatography (ERCP) may
demonstrate intraluminal filling defects or a cystic cavity communicating
with the biliary tree. Apart from helping in the diagnosis of a
cystadenocarcinoma, ERCP is also helpful in decompressing the biliary
system in patients with biliary obstruction.

Magnetic resonance cholangiopancreatography (MRCP) is an

alternative to ERCP in the evaluation of pancreatic and biliary duct
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systems. Even though the resolution of MRCP is somewhat inferior to

ERCP, the procedure is noninvasive and less expensive.

Procedures:

*Fine-needle aspiration biopsy:

Initial imaging studies should be followed by fine-needle
aspiration (FNA) biopsy of the liver, which may help
provide important information about the nature of the lesion.
Cytology of the fluid or FNA of prominent papillary
projections or wall nodules is useful in helping clarify the
diagnosis, even though dissemination of malignant cells
through the needle track is a theoretical concern.

The authors usually choose to proceed with FNA biopsy
whenever a question exists regarding the diagnosis of a
hepatic tumor.

However, remember that needle biopsy findings from
hepatic cystadenomas may be misleading because foci of
adenocarcinomas can be easily missed.

If the diagnostic suspicion of a hepatic cystadenoma is high,

a direct referral for surgical resection is indicated.

*A laparoscopic approach with cyst fluid analysis for CA19-9 and

CEA followed by cyst wall tissue sampling has been proposed. Elevated

CA19-9 levels and premalignant or malignant histology should be

followed by radical resection (Koffron et al; 2004). .

Histologic Findings:

Solid hepatic lesions may be considered in the differential

diagnosis, especially when the lesions appear irregular on imaging

studies. Such lesions include FNH, adenomas, angiomyolipomas, and

primary hepatic malignancies, such as hepatocellular carcinoma and

cholangiocarcinoma.
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A histological variant of biliary cystadenoma occurring primarily
in women has been described as cystadenoma with mesenchymal stroma.
This variant is characterized by the presence of spindle cells in the
mesenchymal stroma that are capable of differentiating into different cell
types, with a high premalignant potential (Wheeler et al; 1985).

Differentiation of cystadenomas from cystadenocarcinomas is
particularly difficult. Imaging studies are not sensitive enough to
completely exclude the presence of malignant degeneration in a
cystadenoma.

Determination of the tumor marker CA19-9 in the serum and in the
cyst fluid has been suggested, but CA19-9 also can be expressed in the
biliary epithelium lining of benign cystadenomas.

For this reason, the presence of CA19-9 is not 100% reliable in the
diagnosis of cystadenocarcinoma (Ishak et al; 1977).
Embryonal sarcoma also is in the differential.

Cystadenomas may express a progesterone receptor in the
mesenchymal cell component. Other markers demonstrated on
immunohistochemistry are CA19-9, CEA, vimentin, and cytokeratin
(Grayson et al; 1966).

In situ hybridization has demonstrated selective positivity for
albumin messenger RNA in cystadenocarcinomas (D’Errico et al; 1998).

Available evidence shows that biliary cystadenomas tend to occur
predominantly in women because these tumors are hormonally
responsive. This theory is further supported by immunohistochemical
studies demonstrating positive estrogen/progesterone receptors associated
with biliary cystadenomas (Abdul-Al HM et al; 2007).
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Treatment:
I) Medical Care:

No medical treatment has been found to be effective.
Discontinuing hormonal treatment until the estrogen/progesterone
receptor studies are completed is prudent.

I1) Surgical Care:

o The treatment of choice for hepatic cystadenomas is surgical
resection. Complete resection of the tumor is imperative to avoid
local recurrence and malignant transformation (Jenkins et al;
1994&Sanchez et al; 1991).

e A complete lobectomy is sometimes necessary for larger
lesions or in the presence of adenocarcinoma (Ramacciato et
al; 2006).

e For smaller lesions, enucleation alone can usually be
accomplished with preservation of the remaining hepatic
parenchyma unless the tumor is in a central location close to
the hepatic hilum. Enucleation is possible because
cystadenomas have a thick fibrous capsule that can be
dissected bluntly without major bleeding or biliary leak
(Shimada et al; 1998).

o Surgical mortality is not higher than mortality associated with a
corresponding hepatic resection or lobectomy.

o Liver transplantation may be necessary in the rare occurrence of
extensive bilobar extension of the tumor.

Diet:
No specific diet is recommended. In the presence of biliary

obstruction, deficiency of fat-soluble vitamins should be corrected.
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Activity:

Activity is wusually not restricted. However, after surgical
intervention, standard precautions as in other abdominal surgery should
be taken.

Follow-up:
Further Outpatient Care:

No further outpatient care is indicated routinely after complete
surgical resection. However, because local recurrence of a cystadenoma
with progression to cellular atypia and, ultimately, carcinoma has been
described, regular postoperative follow-up is indicated.

Follow-up is conducted best by performing abdominal US or CT
scan at 6-month intervals for the first postoperative year and then
annually.

Complications:

o Bleeding

o Rupture

o Obstructive jaundice

o Malignant transformation

o Infection

o Gastric outlet obstruction

o Ascites

o Inferior vena cava obstruction
Prognosis:

The prognosis of hepatic cystadenomas is extremely good if
patients undergo a complete surgical resection. Improper treatment, such
as marsupialization, internal Roux-en-Y drainage, or percutaneous
drainage and alcoholization, is associated with almost certain recurrence.
In particular, aspiration or partial excision of cystadenomas is associated
with a recurrence rate of higher than 90%.
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Summary

Benign hepatic tumors include a broad spectrum of regenerative
and true neoplastic processes.

Because of advances in imaging studies such as computed
tomography (CT) and magnetic resonance imaging (MRI) as well as
progress in immunohistochemistry, accurate diagnosis can now be made
in a large percentage of patients without surgical laparotomy or resection.

Many of these tumors present with typical features in various
Imaging studies. On occasions, biopsies are required and/or surgical
removal is needed.

The most common benign hepatic tumors include cavernous
hemangioma, focal nodular hyperplasia, hepatic adenoma, and nodular
regenerative hyperplasia.

In the majority of cases of benign hepatic tumors, patients are
asymptomatic, and no treatment is indicated. The main indication for
treatment is the presence of significant clinical symptoms or suspicion of
malignancy or fear of malignant transformation.

Benign hepatic tumors can be categorized as solitary or multiple
and as solid or cystic. In general, a single imaging study is insufficient for
a definitive diagnosis, and further studies may be necessary.

Most benign hepatic tumors follow a fairly indolent clinical course.
However, some of them are associated with serious complications. Thus,
the understanding of clinical, radiologic, and pathologic characteristics of
each tumor is important for accurate diagnosis and appropriate treatment

of these tumors.



Hemangiomas

Hemangiomas are the most common benign liver neoplasms, and
are seen more commonly in young adult females. They are frequently

multiple, in around 70% of patients.

Pathologically they are comprised of vascular lakes and channels,

some of which can develop thrombosis and fibrosis.

Variants include giant hemangiomas that can occupy up to the
entire hepatic lobe, and may expand the liver contour. On rare occasions
hemangiomas can hemorrhage, and another rare feature is transient early

perilesional enhancement.

Focal Nodular Hyperplasia

The etiology of these lesions is unclear, but the histopathological
findings may be related to an underlying developmental abnormality,
with a hyperplastic response of liver parenchyma and a disorganized

growth pattern of hepatocytes and ducts.

The lesion forms as an unencapsulated mass, with central stellate
fibrovascular core with malformed vessels and bile duct proliferation.
They are more common in young adult females, most likely related to
hormonal stimulation, and regress with age. They can be multiple. They
apparently have no malignant potential, and hemorrhage is exceedingly
rare.

Treatment includes conservative clinical follow-up in
asymptomatic patients. Surgical resection is indicated for those with
significant symptoms or in whom malignancy cannot be excluded by

radiologic and histologic studies.
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Hepatic Adenoma

Hepatic adenoma is a benign epithelial neoplasm. The majority of
lesions occur in young females, <40 years of age, on oral contraceptives.
Lesions will involute to a variable extent if oral contraceptives are

discontinued.

The patient can present with abdominal pain related to spontaneous
intralesional hemorrhage, and can rarely bleed extensively into the

peritoneum and require emergency intervention.

Histopathology shows 2-3 layer sheets of normal hepatocytes
separated by sinusoids and thin veins with areas of microhemorrhage.
There are no bile ducts and a pseudocapsule may form due to compressed

adjacent liver.

Liver adenomatosis represents a rare and distinct entity, with equal
incidence in males and females. Steroid association may be absent. This
entity is associated with abnormal elevated liver enzymes, and has a
higher risk of hemorrhage and of malignant transformation. Generally

multiple lesions (>10) are present, which exhibit irregular enhancement.
Granulomas

Various mycobacterial organisms can involve the liver.
Tuberculosis is globally the most common cause of infectious hepatic

granulomas. There is an increased incidence in patients with AIDS.

Mycobacterium avium intracellulare (MAI) is the most common
hepatic infection in AIDS, found in 50% of autopsy specimens.

Various fungal organisms might involve the liver. Patients are

typically immunocompromised. Candida albicans is the most common
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type of fungal disease, and often additionally involves the spleen, and

occasionally the kidneys.
Macroregenerative Nodule

MRN is a benign but premalignant lesion found in cirrhotic or
fibrotic livers. Imaging findings are not characteristic, but MRI findings
are useful for the differentiation from HCC.

Because of its malignant potential, surgical resection of MRN is
sometimes advocated, especially in those with atypia.

Optimal management of MRN remains unknown pending ongoing

investigation.

Benign Bile Duct Hamartoma

Biliary hamartomas are benign and relatively common, occurring
in 3% of the population. Pathologically they are comprised of small
irregular branching bile ducts that may be dilated and embedded in a

fibrous stroma.
Hepatic Cysts

Cysts are commonly found in adults. The etiology is unclear, but
may result from different mechanisms, including developmental and
acquired causes. Underlying pathology generally shows single layer

lining with cuboidal to columnar epithelial cells.

Complications such as intracystic hemorrhage or infection are very
rare. Management includes conservative observation, laparoscopic or
open surgical treatment.

Cystic lesions of the liver include simple cysts, multiple cysts
arising in the setting of polycystic liver disease (PCLD), parasitic or
hydatid (echinococcal) cysts, cystic tumors, and abscesses. These
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conditions can usually be distinguished on the basis of the patient's
symptoms and the radiographic appearance of the lesion. Ductal cysts,
choledochal cysts, andV Caroli disease are differentiated from hepatic
cysts by involvement of the bile ducts.
Echinococcal Cyst

Hydatid cysts are caused by tapeworm infection, which has a
worldwide distribution. Most patients are asymptomatic.

Diagnosis is made by eosinophilia, positive serologic tests, and
characteristic imaging features. Treatments include medical, surgical, and

laparoscopic procedures.

Echinococcal abscesses arise from two types of organisms, E.
granulosis and E. alveolaris. E. granulosis causes hydatid cyst and is
found in North America, Europe, and Asia, with sheep as a primary host,

and humans are accidental carriers.

Cysts are spherical and form a fibrous rim. Typically, there is little
tissue reaction, unless the cyst ruptures and leaks fluid that can induce a

marked inflammatory reaction.
Infectious and Inflammatory cysts

A variety of infectious agents may involve the liver, some of which
have a distinctive appearance. Below is a description of some of the most

important of these.

Pyogenic abscess shows central purulent necrosis with a relatively
hypo- or avascular core quickly forming a surrounding rind of
vascularized granulation tissue. Increasing fibrous tissue occurs with
time. The most common cause is bacteria entering the portal venous
system seeding liver from a bowel source, related to diverticulitis,
appendicitis, or Crohn's disease.
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Non-pyogenic abscesses include amoebic, echinococcal,
myocobacterial, and fungal. Amebic abscesses are generally due to
entamoeba histolytica, and these lesions are rare in industrialized

countries and usually related to travel in the tropics.

Clinically, patients present with a septic picture, including nausea,
vomiting, and weight loss. Histologically, necrosis secondary to

obstruction of venules by the trophosites and by-products is present.

Choledochal cyst

Choledochal cyst is a congenital bile duct anomaly. US findings
are diagnostic in many patients; however, complementary studies such as
CT, MRI/MRCP, or PTC/ERCP may be helpful in the preoperative
period for delineating details of the surrounding anatomy. The best
treatment is complete excision with biliary-enteric reconstruction.

Hepatic cystadenomas

Hepatic (biliary) cystadenomas are rare multilocular cystic tumors
of the liver that are derived from the biliary epithelium and are
predominantly located in the right hepatic lobe. These tumors usually
involve the hepatic parenchyma (approximately 85% of cases) and
occasionally the extrahepatic biliary tract. The size of the tumor is
variable and ranges from 1.5-15 cm in diameter; it weighs as much as
6000 grams.

Hepatic cystadenomas are benign tumors, but they have a high rate
of recurrence and a potential for neoplastic transformation in

approximately 10% of cases.
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CONCLUSION

1. The key to managing patients with benign liver tumors is an
accurate diagnosis and knowledge of the natural history of the

untreated lesion.

& Does the patient have symptoms or was the lesion detected

incidentally?

¢ Do other clinical characteristics such as the patient's age,
gender, use of oral contraceptives, history or risk factors for
chronic liver disease or cirrhosis, and history or findings of

extrahepatic malignancy provide clues?

& Is there a travel history or are there other features suggesting an

amebic or pyogenic abscess?

All of these considerations must then be integrated with the
findings of appropriate imaging studies. Histological confirmation should
be obtained to reach an accurate diagnosis when necessary. The
combination of the above features will reveal the correct diagnosis in the

majority of patients.

2. Increasing experience, improved techniques, and better support
systems have made hepatic surgery a safe and effective therapeutic
modality.

3. However, as we have learned more about the prognoses of certain
lesions (particularly hemangioma and FNH), a more conservative
attitude has evolved, particularly since improvements in
noninvasive imaging now permit careful follow-up by serial

examinations.
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4. Some benign tumors may be safely observed, others require
resection, and it is ultimately the surgeon’s responsibility to
determine the most appropriate course of action. As discussed
before, such decisions are not always simple or straightforward and
often require significant experience and mature clinical judgment.

5. An otherwise fit patient with a symptomatic benign hepatic tumor
should be considered for resection, provided that the tumor can be
removed safely. It is imperative to ensure that the symptoms are
indeed related to the tumor and do not arise from some other

abdominal pathology.

6. Fine needle biopsy: is commonly used to assist in the diagnosis of
a variety of liver lesions. However, a number of controversial
issues surround the role of FNA in this setting. First, it is
commonly nondiagnostic when used to evaluate some types of
liver lesions such as hepatic adenomas and focal nodular
hyperplasia. Second, it is associated with some degree of risk,

including bleeding and seeding of neoplastic cells.
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Recommendations

1- Clinical parameters, imaging studies and laboratory tests are
recommended to be used as follow up method to replace liver
biopsy and avoid its major complications.

2- A need to develop a scoring system based on clinical and
laboratory parameters for proper evaluation of the liver pathology
similar to histopathological grading and staging system.

3- Protocol of management of focal hepatic lesions susceptible
patients; e.g. Diabetics, Oral contraceptives users and Glycogen
storage disease.

180



References

. Abd Alla MD, White GL, Rogers TB, et al. Adherence-inhibitory
intestinal immunoglobulin a antibody response in baboons elicited by
use of a synthetic intranasal lectin-based amebiasis subunit
vaccine. Infect Immun. Aug 2007; 75(8):3812-22.

. Abdul-Al HM, Makhlouf HR, Goodman ZD. Expression of estrogen
and progesterone receptors and inhibin-alpha in hepatobiliary
cystadenoma:an immunohistochemical study. Virchows Arch. Jun 200
7; 450(6):691-7.

. Acuna-Soto R, Maguire JH, Wirth DF. Gender distribution in
asymptomatic and invasive amebiasis.Am J Gastroenterol.May 2000
; 95(5):1277-83.

. Adams PC, Ghent CN, Grant DR et al. Employment after liver
transplantation. Hepatology 1995; 21: 140.

. Adler R, Safadi R, Caraco Y et al. Comparison of immune reactivity
and pharmacokinetics of two hepatitis B immune globulins in patients
after liver transplantation. Hepatology 1999; 29: 1299.

. American Cancer Society Statistics. Estimated New Cancer Cases
and Deaths,2007. Available at http://www.cancer.org/downloads/stt/
CFF2007EstCsDths07.pdf. Accessed April 11, 2008.

. Andreola S, Audisio RA, Mazzaferro V, et al. Primary lymphoma of
the liver showing immunohistochemical evidence of T-cell origin:
successful management by right trisegmentectomy. Dig Dis Sci. 1988;
33:1632-1636.

. Aozasa K, Mishima K, Ohsawa M. Primary malignant lymphoma of
the liver. Leuk Lymphoma. 1993; 10:353-357.

181


http://www.cancer.org/downloads/stt/CFF2007EstCsDths07.pdf
http://www.cancer.org/downloads/stt/CFF2007EstCsDths07.pdf

9. Arrive L, Fléjou JF, Vilgrain V, et al. Hepatic adenoma: MR
findings in 51 pathologically provedlesions.,Radiology.Nov1994;193(
2)507-12.

10. Attal P, Vilgrain V, Brancatelli G, Paradis V, Terris B, Belghiti
J. Telangiectatic focal nodular hyperplasia: US, CT, and MR imaging
findings with histopathologic correlation in 13cases. Radiology. Aug 2
003; 228(2):465-72.

11. Ault GT, Wren SM, Ralls PW, Reynolds TB, Stain SC. Selective
management of hepatic adenomas. Am Surg. Oct 1996;62(10):825-9.

12. Averback P. Congenital hepatic fibrosis: asymptomatic adults without
renal anomaly. Arch Pathol Lab Med 1977; 101:260-261.

13. Avlonitis VS, Linos D. Primary hepatic lymphoma: a review. Eur J
Surg. 1999; 165:725-729.

14. Babbitt DP, Starshak RJ, Clemett AR. Choledochal cyst: a concept of
etiology.Am J Roentgenol Radium Ther Nucl Med1973; 119:57-62.
15. Barakate MS, Stephen MS, Waugh RC, et al. Pyogenic liver abscess:
a review of 10 years' experience in management. Aust N Z J

Surg. Mar 1999; 69(3):205-9.

16. Baudin G, Novellas S, Buratti MS, Saint-Paul MC, Chevallier P,
Gugenheim J, et al. Atypical MRI features of a biliary cystadenoma
revealed by jaundice. Clin Imaging. Nov-Dec 2006; 30(6):413-5.

17. Baum JK, Bookstein JJ, Holtz F. Possible association between
benign hepatomas and oral contraceptives.Lancet.Oct27 1973;2(7835)
:926-9.



18. Bayraktar Y, Balkanci F, Kayhan B, et al. Congenital hepatic fibrosis
associated with cavernous transformation of the portal vein.
Hepatogastroenterology 1997; 44:1588-1594.

19. Ben-Ari Z, Amlot P, Lachmanan SR et al. Posttransplantation
lymphoproliferative disorder in liver recipients: characteristics,
management, and outcome. Liver Transplant. Surg. 1999; 5: 184.

20. Benedetti NJ, Desser TS, Jeffrey RB.Imaging of hepatic
infections. Ultrasound Q. Dec 2008; 24(4):267-78.

21. Benhamou J. Congenital hepatic fibrosis and Caroli’s disease. In:
Schiff L, Schiff E, eds. Diseases of the liver. 7th ed. Philadelphia, Pa:
Lippincott, 1999; 1204-12009.

22. Benner KG, Lee RG, Keeffe EB et al. Fibrosing cytolytic liver failure
secondary to recurrent hepatitis B after liver transplantation.
Gastroenterology 1992; 103: 1307.

23. Berenguer M, Ferrell L, Watson J et al. HCV-related fibrosis
progression following liver transplantation: increase in recent years. J.
Hepatol. 2000; 32: 673.

24. Bernstein J, Stickler GB, Neel IV. Congenital hepatic fibrosis:
evolving morphology. APMIS Suppl 1988; 4:17-26.

25. Biecker E, Zimmermann A, Dufour JF. Spontaneous regression of an
inflammatory pseudotumor of the liver. Z Gastroenterol. 2003; 41:991
994.

26. Biliary Tract Cancer. In: Schottenfeld D, Fraumeni J. Cancer.
Epidemiology and Prevention. 3rd Edition. Oxford University
Press; 2006:787-800.

27.Bissell DM et al: Drug-induced liver injury: Mechanisms and test
systems. Hepatology 33:1009, 2001 [PMID: 11283870].



28. Bizollon T, Ducerf C, Trepo C. New approaches to treatment of
hepatitis C virus infection after liver transplantation using ribavirin. J.
Hepatol. 1995; 23 (Suppl. 2): 22.

29. Bizollon T, Palazzo U, Ducerf C et al. Pilot study of the combination
of alfa interferon-alfa and ribavirin as therapy of recurrent hepatitis C
after liver transplantation. Hepatology 1997; 26: 500.

30. Blazquez S, Rigothier MC, Huerre M, et al. Initiation of inflammation
and cell death during liver abscess formation by Entamoeba histolytica
depends on activity of the galactose/N-acetyl-D-galactosamine
lectin. Int J Parasitol. Mar 2007; 37(3-4):425-33.

31. Blessmann J, Ali IK, Nu PA, et al. Longitudinal study of intestinal
Entamoeba histolytica infections in asymptomatic adult carriers. J
Clin Microbiol. Oct 2003; 41(10):4745-50.

32. Blessmann J, Binh HD, Hung DM, et al. Treatment of amoebic liver
abscess with metronidazole alone or in combination with ultrasound-
guided needle aspiration: a comparative, prospective and randomized
study. Trop Med Int Health. Nov 2003;8(11):1030-4.

33. Bloustein PA. Association of carcinoma with congenital cystic
conditions of the liver and bile ducts. Am J Gastroenterol 1977;
67:40-46.

34. Bosch FX, Ribes J, Diaz M, et al. Primary liver cancer: worldwide
incidence and trends. Gastroenterology. Nov 2004;127(5 Suppl 1):S5-
S16.

35. Boulahdour H, Cherqui D, Charlotte F, et al. The hot spot
hepatobiliary scan in  focal nodular hyperplasia. J Nucl
Med. Dec 1993; 34(12):2105-10.

184



36. Bowers ED, Robison DJ, Doberneck RC. Pyogenic liver
abscess. World J Surg. Jan-Feb 1990;14(1):128-32.

37. Bradley JA. Overcoming the immunological barriers to
xenotransplantation. Transplantation 1999; 68: 9.

38. Brancatelli G, Federle MP, Blachar A, Grazioli L. Hemangioma in
the cirrhotic liver: diagnosis and natural history. Radiology. Apr 2001;
219(1):69-74.

39. Branum GD, Tyson GS, Branum MA, et al. Hepatic abscess. Changes
in etiology, diagnosis, and management. Ann Surg. Dec 1990;
212(6):655-62.

40. Brkic T, Hrstic I, Vucelic B, et al. Benign mesenchymal liver
hamartoma in an adult male: a case report and review of the literature.
Acta Med Austriaca. 2003; 30:134-137.

41. Broelsch CE, Whitington PF, Emond JC et al. Liver transplantation
42.Browning JD: Statins and hepatic steatosis: Perspectives from the
Dallas Heart Study. Hepatology 44:466, 2006 [PMID: 16871575].

43. Brunt EM. Benign tumors of the liver. Clin Liver Dis.2001;5:1-15.

44. Cappellani A, Zanghi A, Di Vita M, et al. Spontaneous rupture of a
giant hemangioma of the liver. Ann Ital  Chir. May-
Jun 2000;71(3):379-83.

45, Carlson SK, Johnson CD, Bender CE, Welch TJ. CT of focal nodular
hyperplasia of the liver. AJR Am J Roentgenol. Mar 2000; 174(3):705-
12.

46. Carrafiello G, Lagana D, Dizonno M, et al. Emergency percutaneous
treatment in  iatrogenic  hepatic  arterial  injuries. Emerg
Radiol. Jul 2008; 15(4):249-54.

185



47. Caseiro-Alves F, Zins M, Mahfouz A-E, et al. Calcification in focal
nodular hyperplasia: a new problem for differentiation from
fibrolamellar hepatocellular carcinoma. Radiology. Mar 1996;
198(3):889-92.

48. Casillas VJ, Amendola MA, Gascue A, et al. Imaging of nontraumatic
hemorrhagic hepatic lesions. Radiographics. Mar-
Apr 2000;20(2):367-78.

49. Catinis GE, Frey DJ, Skinner JW, Balart LA. Hepatic cystadenoma:
an unusual presentation. Am J Gastroenterol. May 1998; 93(5):827-9.

50. Cavallari A. Bile duct hamartomas: diagnostic problems and
treatment. Hepatogastroenterology 1997; 44:994-997.

51. Chalasani N, Baluyut A, Ismail A, et al. Cholangiocarcinoma in
patients with primary sclerosing cholangitis: a multicenter case-
control study. Hepatology. Jan 2000; 31(1):7-11.

52. Chang SD, Thoeni RF. Effect of T1 shortening on T2-weighted MRI
sequences: comparison of hepatic mass conspicuity on images
acquired before and after gadolinium enhancement. AJR Am J
Roentgenol. May 2008; 190(5):1318-23.

53. Charlton M, Seaberg E, Wiesner R et al. Predictors of patient and
graft survival following liver transplantation for hepatitis C.
Hepatology 1998; 28: 823.

54. Cheng HC, Chang WL, Chen WY, et al. Long-term outcome of
pyogenic liver abscess: factors related with abscess recurrence. J Clin
Gastroenterol. Nov-Dec 2008; 42(10):1110-5.

186



55. Cheng HC, Tsai SH, Chiang JH, Chang CY. Hyalinized liver
hemangioma mimicking malignant tumor at MR imaging [letter]. AJR
Am J Roentgenol. Oct 1995; 165(4):1016-7.

56. Cherqui D, Rahmouni A, Charlotte F, et al. Management of focal
nodular hyperplasia and hepatocellular adenoma in young women: a
series of 41 patients with clinical, radiological, and pathological
correlations. Hepatology. Dec 1995; 22(6):1674-81.

57. Cherqui D, Rahmouni A, Charlotte F, et al. Management of focal
nodular hyperplasia and hepatocellular adenoma in young women: a
series of 41 patients with clinical, radiological, and pathological
correlations. Hepatology. Dec 1995; 22(6):1674-81.

58. Cheung YC, Tan CF, Wan YL, Lui KW, Tsai CC. MRI of multiple
biliary hamartomas. Br J Radiol 1997; 70:527-529.

59. Choi BI, Yeon KM, Kim SH, Han MC. Caroli disease: central dot
sign in CT. Radiology 1990; 174:161-163.

60. Choi BY, Kim WS, Cheon JE, et al. Inflammatory myofibroblastic
tumour of the liver in a child: CT and MR findings. Pediatr Radiol.
2003; 33:30- 33.

61. Chou FF, Sheen-Chen SM, Chen YS, et al. Prognostic factors for
pyogenic abscess of the liver. J Am Coll Surg. Dec 1994, 179(6):727-
32.

62. Christopherson WM, Mayt ET, Barrows GH. Liver tumors in young
women: a clinical pathologic study of 201 cases in the Louisville
registry. In: Fenoglio C, Wolf M, eds. Progress in Strategical
Pathology. vol 2. New York, NY: Masson; 1980:187-205.

63. Chu KM, Fan ST, Lai EC, et al. Pyogenic liver abscess. An audit of
experience over the past decade. Arch Surg. Feb 1996; 131(2):148-52.

187



64. Chung YF, Tan YM, Lui HF, et al. Management of pyogenic liver
abscesses - percutaneous or open drainage?. Singapore Med
J. Dec 2007;48(12):1158-65; quiz 1165.

65. Cirenei A, Bertoldi I. Evolution of surgery for liver hydatidosis from
1950 to today: analysis of a personal experience. World J
Surg. Jan 2001; 25(1):87-92.

66. Clary B, Jarnigan W, Pitt H, et al. Hilar cholangiocarcinoma. J
Gastrointest Surg. Mar-Apr 2004;8(3):298-302.

67. Colombo M. Malignant neoplasm of the liver. In: Schiff ER, Sorrell
MF, Maddrey WC, eds. Schiff’s Diseases of the Liver, 9th ed.
Philadelphia: Lippincott Williams & Wilkins, 2002:1377-1403.

68. Cook JR, Pfeifer JD, Dehner LP. Mesenchymal hamartoma of the
liver in the adult: association with distinct clinical features and
histological changes. Hum Pathol. 2002; 33:893-898.

69. Couteil JPA, Soubrane O, Houssin DP et al. Combined heart—lung—
liver, double lung-liver and isolated liver transplantation for cystic
fibrosis in children. Transpl. Int. 1997; 10: 33.

70. Craig JR, Peters RL, Edmondson HA, Omata M. Fibrolamellar
carcinoma of the liver: a tumor of adolescents and young adults with
distinctive clinico-pathologic features.Cancer.Jull5 1980;46(2):372-9.

71. Cuervas-Mas V, Millan J, Gavaler JJ et al. Prognostic value of
preoperatively obtained clinical and laboratory data in predicting
survival following liver transplantation. Hepatology 1986; 6: 922.

72. Czaja AJ. The immunoreactive propensity of autoimmune hepatitis: is
it corticosteroid-dependent after liver transplantation? Liver
Transplant. Surg. 1999; 5: 460.

188



73. D&hnert W. Disorders of liver, biliary tract and spleen. In: Radiology
Review Manual. 6th Edition. Philadelphia, Pa: Wolters Kluwer
Health; 2006:714-715.

74. Dardik H, Glotzer P, Silver C. Congenital hepatic cyst causing
jaundice: report of a case and analogies with respiratory
malformation. Ann Surg. Apr 1964; 159:585-92.

75. Davis LP, McCarroll K. Correlative imaging of the liver and
hepatobiliary system. Semin Nucl Med. Jul 1994;24(3):208-18.

76. De Carlis L, Pirotta V, Rondinara GF. Hepatic adenoma and focal
nodular hyperplasia: diagnosis and criteria for treatment. Liver
Transpl Surg. Mar 1997; 3(2):160-5.

77. De Gaetano A, De Franco A, Maresca G, et al. [The integrated
diagnosis of hepatic focal nodular hyperplasia: echography, color
Doppler, computed tomography and magnetic resonance
compared]. Radiol Med (Torino). Mar 1996; 91(3):258-69.

78. De Groen PC, Gores GJ, LaRusso NF, et al. Biliary tract cancers. N
Engl J Med. Oct 28 1999; 341(18):1368-78.

79. de Ledinghen V, Laharie D, Lecesne R, et al. Detection of nodules in
liver cirrhosis: spiral computed tomography or magnetic resonance
imaging? A prospective study of 88 nodules in 34 patients. Eur J
Gastroenterol Hepatol. 2002; 14:159-165.

80. De Ledinghen V, Le Bail B, Trillaud H, et al. Case report: secondary
biliary cirrhosis possibly related to congenital hepatic fibrosis—
evidence of decreased number of portal branch veins and hypertrophic
peribiliary vascular plexus. J Gastroenterol Hepatol 1998; 13:720-—
724.

189



81.De Vos M, Barbier F, Cuvelier C. Congenital hepatic fibrosis. J
Hepatol 1988; 6:222-228.

82. Demir OI, Obuz F, Sagol O, Dicle O. Contribution of diffusion-
weighted MRI to the differential diagnosis of hepatic masses. Diagn
Interv Radiol. Jun 2007; 13(2):81-6.

83. Denk H, et al. (1994). Guidelines for the diagnosis and interpretation
of hepatic granulomas. Histopathology 25, 209-18.

84. D'Errico A, Deleonardi G, Fiorentino M, Scoazec JY, Grigioni
WEF. Diagnostic implications of albumin messenger RNA detection
and cytokeratin pattern in benign hepatic lesions and biliary
cystadenocarcinoma. Diagn Mol Pathol. Dec 1998; 7(6):289-94.

85. Desmet VJ. Congenital diseases of intrahepatic bile ducts: variations
on the theme "ductal plate malformation." Hepatology 1992; 16:1069—
1083.

86. Desmet VJ. What is congenital hepatic fibrosis? Histopathology
1992; 20:465-477.

87. DeVita VT, Lawrence TS, Rosenberg SA, et al. Cancer. In:
Principles and Practice of Oncology. 8" ed. Philadelphia,
Pa: Lippincott Williams & Wilkins; May 2008 1.

88. Devlin J, Doherty D, Thomson L et al. Defining the outcome of
iImmunosuppression withdrawal after liver transplantation. Hepatology
1998; 27: 926.

89. Diez J, Decoud J, Gutierrez L, Suhl A, Merello J. Laparoscopic
treatment of symptomatic cysts of the liver. Br J Surg. Jan 1998;
85(1):25-7.

190



90. Dodd GD 3rd, Baron RL, Oliver JH 3rd, Federle MP. Spectrum of
Imaging findings of the liver in end-stage cirrhosis: part Il, focal
abnormalities. AJR Am J Roentgenol. Nov 1999; 173(5):1185-92.

91. Dodd GD III, Baron RL, Oliver JH I1ll, Federle MP. End-stage
primary sclerosing cholangitis: CT findings of hepatic morphology in
36 patients. Radiology 1999; 211:357-362.

92.Douglass HO, Tepper J, Leichman L. Neoplasms of the extrahepatic
bile ducts. In: Holland JF, et al, eds. Cancer Medicine. Vol
2. Philadelphia, Pa: Lea & Febiger. 1993:1455-62.

93. Dunphy T. Magnetic resonance imaging of focal liver lesions. Appl
Radiol. 2001; 30(suppl):69-70.

94. Dupuy D, Costello P, Lewis D et al. Abdominal CT findings after
liver transplantation in 66 patients. Am. J. Roentgenol. 1991; 156:
1167.

95. Dziri C, Haouet K, Fingerhut A. Treatment of hydatid cyst of the
liver: where is the evidence? World J Surg. Aug 2004;28(8):731-6.

96. El-Desouki M, Mohamadiyeh M, al-Rashed R, Othman S, al-Mofleh
|. Features of hepatic cavernous hemangioma on planar and SPECT
Tc-99m-labeled red  blood cell scintigraphy. Clin  Nucl
Med. Aug 1999; 24(8):583-9. .

97. Elhamel A. Pericystectomy for the treatment of hepatic hydatid
cysts. Surgery. Mar 1990; 107(3):316-20.

98. Elsebaie SB, EI-Sebae MM, Esmat ME, Nasr MM, Kamel
MM. Modified  endocystectomy  versus  pericystectomy in

echinococcus granulosus liver cysts: a randomized controlled study,

191



and the role of specific anti-hydatid 1gG4 in detection of early
recurrence. J Egypt Soc Parasitol. Dec 2006; 36(3):993-1006.

99. El-Serag HB, Mason AC. Risk factors for the rising rates of primary
liver cancer in the United States. Arch Intern Med. Nov 27 2000;
160(21):3227-30.

100. Everson GT, Taylor MR, Doctor RB. Polycystic disease of the
liver. Hepatology. Oct 2004; 40(4):774-82.

101. Fabiani P, lannelli A, Chevallier P, Benchimol D, Bourgeon A,
Gugenheim J. Long-term outcome after laparoscopic fenestration of
symptomatic simple cysts of the liver. Br J Surg. May 2005;
92(5):596-7.

102. Fabiani P, Mazza D, Toouli J, Bartels AM, Gugenheim J, Mouiel
J. Laparoscopic fenestration of symptomatic non-parasitic cysts of the
liver. Br J Surg. Mar 1997, 84(3):321-2.

103. Falagas ME, Paya C, Ruthazer R et al. Significance of
cytomegalovirus for long-term survival after orthotopic liver
transplantation. Transplantation 1998; 66: 1020.

104. Farges O, Bismuth H. Fenestration in the management of
polycystic liver disease. World J Surg. Jan-Feb 1995; 19(1):25-30.
105. Farrell GC (1995). Drug-induced granulomatous hepatitis. Drug-
induced liver disease, pp 301-17. Churchill Livingstone, Edinburgh.
106. Federle MP, Cello JP, Laing FC, Jeffrey RB. Recurrent pyogenic

cholangitis in Asian immigrants. Radiology 1982; 143:151-156.

107. Feray C, Caccamo L, Alexander GJM et al. European
Collaborative study on factors influencing outcome after liver
transplantation for hepatitis C. Gastroenterology 1999; 117: 6109.



108. Feray C, Gigou M, Samuel D et al. Influence of the genotypes of
hepatitis C virus on the severity of recurrent liver disease after liver
transplantation. Gastroenterology 1995; 108: 1088.

109. Feray C, Gigou M, Samuel D et al. The course of hepatitis C virus
infection after liver transplantation. Hepatology 1994; 20: 1137.

110. Ferguson DJ, Allen LW, Griem ML, et al. Surgical experience
with staging laparotomy in 125 patients with lymphoma. Arch Intern
Med. 1973; 131:356-361.

111. Ferrucci JT Jr, vanSonnenberg E. Intra-abdominal abscess.
Radiological diagnosis and treatment. JAMA. Dec
11 1981;246(23):2728-33.

112. Fiamingo P, Tedeschi U, Veroux M, Cillo U, Brolese A, Da Rold
A, et al. Laparoscopic treatment of simple hepatic cysts and polycystic
liver disease. Surg Endosc. Apr 2003; 17(4):623-6.

113. Filippou D, Tselepis D, Filippou G, Papadopoulos V. Advances in
liver echinococcosis: diagnosis and treatment. Clin Gastroenterol
Hepatol. Feb 2007; 5(2):152-9.

114. Flisser A. Larval cestodes. In: Collier L, Balows A, Sussman M,
eds. Topley and Wilson's Microbiology and Microbial Infections.
Parasitology. Vol 5.9"™ ed. New York, NY:Oxford University
Press; 1998:539-60.

115. Franko J, Nussbaum ML, Morris JB. Choledochal cyst
cholangiocarcinoma arising from adenoma: case report and a review
of the literature. Curr Surg. Jul-Aug 2006; 63(4):281-4.

116. Fritscher-Ravens A, Broering DC, Knoefel WT, et al. EUS-guided

fine-needle aspiration of suspected hilar cholangiocarcinoma in



potentially operable patients with negative brush cytology. Am J
Gastroenterol. Jan 2004; 99(1):45-51.

117. Fulcher AS, Turner MA, Sanyal AJ. Case 38: Caroli disease and
renal tubular ectasia. Radiology 2001; 220:720-723.

118. Gargouri M, Ben Amor N, Ben Chehida F, Hammou A, Gharbi
HA, Ben Cheikh M, et al. Percutaneous treatment of hydatid cysts
(Echinococcus  granulosus). Cardiovasc  Intervent  Radiol. Jun-
Jul 1990; 13(3):169-73.

119. Gedaly R, Pomposelli JJ, Pomfret EA, Lewis WD, Jenkins
RL. Cavernous hemangioma of the liver: anatomic resection vs.
enucleation. Arch Surg. Apr 1999; 134(4):407-11.

120. Gerzof SG, Johnson WC, Robbins AH, et al. Intrahepatic pyogenic

abscesses: treatment by percutaneous drainage. Am J Surg. Apr 1985;
149(4):487-94.

121. Giorgio A, de Stefano G, Di Sarno A, et al. Percutaneous needle
aspiration of multiple pyogenic abscesses of the liver: 13-year single-
center experience. AJR Am J Roentgenol. Dec 2006; 187(6):1585-90.

122. Giovanoli O, Heim M, Terracciano L, Bongartz G, Ledermann
HP. MRI of hepatic adenomatosis: initial observations with gadoxetic
acid contrast agent in three patients. AJR Am J Roentgenol. May 2008;
190(5):W290-3.

123. Graham E, Cohen AW, Soulen M, Faye R. Symptomatic liver
hemangioma with intra-tumor hemorrhage treated by angiography and
embolization during pregnancy. Obstet Gynecol. May 1993; 81(5 pt
2):813-6.

194



124. Grayson W, Teare ], Myburgh JA, Paterson
AC. Immunohistochemical demonstration of progesterone receptor in
hepatobiliary cystadenoma with mesenchymal
stroma. Histopathology. Nov 1996; 29(5):461-3.

125. Guidelines for treatment of cystic and alveolar echinococcosis in
humans. WHO Informal Working Group on Echinococcosis. Bull
World Health Organ. 1996;74(3):231-42.

126. Gunderson LL, Willett CG. Pancreas and hepatobiliary tract. In:
Perez CA, Brady LW, et al. Principles and Practice of Radiation
Oncology. 1998. 3"%d. Philadelphia, Pa: Lippincott-Raven; 1467-
1488.

127. Gurkan A, Sherlock MF, Chui AK, et al. A giant multiacinar

128. Guy F, Cognet F, Dranssart M, Cercueil JP, Conciatori L, Krause
D. Caroli’s disease: magnetic resonance imaging features. Eur Radiol
2002; 12: 2730-2736.

129. Gyorffy EJ, Bredfeldt JE, Black WC. Transformation of hepatic
cell adenoma to hepatocellular carcinoma due to oral contraceptive
use. Ann Intern Med. Mar 15 1989; 110(6):489-90.

130. Gyorffy EJ, Frey CF, Silva J Jr, et al. Pyogenic liver abscess.
Diagnostic and  therapeutic  strategies. Ann  Surg. Dec 1987,
206(6):699-705.

131. Hamzah Z, Petmitr S, Mungthin M, et al. Differential detection of
Entamoeba histolytica, Entamoeba dispar, and Entamoeba
moshkovskii by a single-round PCR  assay.J  Clin
Microbiol. Sep 2006; 44(9):3196-200.

195



132. Hanazaki K, Koide N, Kajikawa S, et al. Cavernous hemangioma
of the liver with giant cyst formation: degeneration by apoptosis?. J
Gastroenterol Hepatol. Mar 2001; 16(3):352-5.

133. Hansen P, Bhoyrul S, Legha P, et al. Laparoscopic treatment of
liver cysts. J Gastrointest Surg. Jan 1997;1(1):53-47.

134. Haque R, Duggal P, Ali IM, et al. Innate and acquired resistance to
amebiasis in bangladeshi children. J Infect Dis. Aug 15 2002;
186(4):547-52.

135. Haratake J, Horie A, Nagafuchi Y. Hyalinized hemangioma of the
liver. Am J Gastroenterol. Feb 1992; 87(2):234-6.

136. Hashimoto L, Hermann R, Grundfest-Broniatowski S. Pyogenic
hepatic abscess: results of current management. Am Surg. May 1995;
61(5):407-11.

137. Heath DD. Immunology of echinococcus infections. In: Thompson
R, Lymbery AJ, eds. Echinococcus and Hydatid Disease. Wallingford,
Oxon: CAB International; 1995:183-200.

138. Heimbach JK, Haddock MG, Alberts SR, et al. Transplantation for
hilar cholangiocarcinoma. Liver Transpl. Oct 2004; 10(10 Suppl
2):S65-8.

139. Herman P, Pugliese V, Machado MA, et al. Hepatic adenoma and
focal nodular hyperplasia: differential diagnosis and treatment. World
J Surg. Mar 2000; 24(3):372-6.

140. Hill MA, Albert T, Zieske A, Levine EA. Successful resection of
multifocal hepatic adenoma during pregnancy. South Med
J. Mar 1997; 90(3):357-61.

196



141. Hinshaw JL, Laeseke PJ, Weber SM, Lee FT Jr. Multiple-electrode
radiofrequency ablation of symptomatic hepatic cavernous
hemangioma. AJR Am J Roentgenol. Sep 2007; 189(3):W146-9.

142. Hochwald SN, Blumgart LH. Giant hepatic hemangioma with
Kasabach-Merritt syndrome: is the appropriate treatment enucleation
or liver transplantation? HPB Surg. Aug 2000; 11(6):413-9.

143. Hoffner RJ, Kilaghbian T, Esekogwu VI, et al. Common
presentations of amebic liver abscess. Ann Emerg Med. Sep 1999;
34(3):351-5.

144. Hogemann D, Flemming P, Kreipe H, et al. Correlation of MRI and
CT findings with histopathology in hepatic angiomyolipoma. Eur
Radiol. 2001;11:1389-1395.

145. Hope WW, Vrochides DV, Newcomb WL, et al. Optimal treatment
of hepatic abscess. Am Surg. Feb 2008; 74(2):178-82.

146. Horsmans Y, Laka A, Gigot JF, Geubel AP. Serum and cystic fluid
CA 19-9 determinations as a diagnostic help in liver cysts of uncertain
nature. Liver. Aug 1996; 16(4):255-7.

147. Houpt E, Barroso L, Lockhart L, et al. Prevention of intestinal
amebiasis by vaccination with the Entamoeba histolytica Gal/GalNac
lectin. Vaccine. Jan 26 2004; 22(5-6):611-7.

148. Hughes MA, Petri WA Jr. Amebic liver abscess. Infect Dis Clin
North Am. Sep 2000;14(3):565-82, viii.

149. Hussain SM, Zondervan PE, IJzermans JN, et al. Benign versus
malignant hepatic nodules: MR imaging findings with pathologic
correlation. Radiographics. 2002; 22:1023-1036

197



150. Ibrahim S, Chen CL, Wang SH, et al. Liver resection for benign

liver tumors:indications and outcome.Am J Surg.Jan 2007;193(1):5-9.

151. Ichikawa T, Federle MP, Grazioli L, Nalesnik M. Hepatocellular
adenoma: multiphasic CT and histopathologic findings in 25
patients. Radiology. Mar 2000; 214(3):861-8.

152. lIsaacson PG, Banks PM, Best PV, et al. Primary low-grade hepatic
B-cell lymphoma of mucosa-associated lymphoid tissue (MALT)-
type. Am J Surg Pathol. 1995; 19:571-575.

153. Ishak KG (1998). Sarcoidosis of the liver and bile ducts. Mayo
Clinic Proceedings 73, 467-72.

154. Ishak KG, Scheuer PJ, Anthony PP, eds. Pathology of the liver. 3rd
ed. Edinburgh, Scotland: Churchill Livingstone, 2001; 107-154.

155. Ishak KG, Sharp HL. Developmental abnormalities and liver
disease in childhood. In: MacSween RN, Burt AD, Portmann BC, in
children from living related donors. Surgical techniques and results.
Ann. Surg. 1991; 214: 428.

156. Ishak KG, Willis GW, Cummins SD, Bullock AA. Biliary
cystadenoma and cystadenocarcinoma: report of 14 cases and review
of the literature. Cancer. Jan 1977; 39(1):322-38.

157. Ishak KG. Benign tumors and pseudotumors of the liver. Appl
Pathol. 1988; 6(2):82-104.

158. Ishak KG. Hepatic neoplasms associated with contraceptive and
anabolic steroids. In: Lingemen CH, Ed. Recent Results in Cancer

Research. Berlin, Germany: Springer-Verlag; 1979:73.

159. Ishak KG. Hepatic neoplasms associated with contraceptive and

anabolic steroids. In: Lingerman CH, ed. Carcinogenic hormones:

198



recent results in cancer research. New  York: Springer-
Verlag; 1979:73-128.

160. Itai Y, Saida Y. Pitfalls in liver imaging. Eur Radiol. 2002; 12:1162—
1174,

161. Ivory CP, Chadee K. Intranasal immunization with Gal-inhibitable
lectin plus an adjuvant of CpG oligodeoxynucleotides protects against
Entamoeba histolytica challenge.Infect.Immun. Oct 2007;
75(10):4917-22,

162. Iwai N, Yanagihara J, Tokiwa K, Shimotake T, Nakamura K.
Congenital choledochal dilatation with emphasis on pathophysiology
of the biliary tract. Ann Surg 1992; 215:27-30.

163. J Clin Gastroenterol 2005; 39 : 401 —412.

164. Jenkins RL, Johnson LB, Lewis WD. Surgical approach to benign
liver tumors. Semin Liver Dis. May 1994; 14(2):178-89.

165. Jeong MG, Yu JS, Kim KW. Hepatic cavernous hemangioma:
temporal peritumoral enhancement during multiphase dynamic MR
imaging. Radiology. Sep 2000; 216(3):692-7.

166. Johannsen EC, Sifri CD, Madoff LC. Pyogenic liver
abscesses. Infect Dis Clin North Am. Sep 2000; 14(3):547-63, vii.

167. Kadir S. Angiography of the liver, spleen, and
pancreas. Diagnostic Angiography. Philadelphia, Pa: WB Saunders
Co; 1986:377-444.

168. Kanamori H, Kawahara H, Oh S, Mine T, Osawa H, Murakami T,
et al. A case of biliary cystadenocarcinoma with recurrent jaundice.
Diagnostic evaluation of computed tomography. Cancer. Jun 1 1985;
55(11):2722-4.

199



169. Kandel G, Marcon NE. Pyogenic liver abscess: new concepts of an
old disease. Am J Gastroenterol. Jan 1984; 79(1):65-71.

170. Kapan S, Turhan AN, Kalayci MU, Alis H, Aygun E. Albendazole
Is not effective for primary treatment of hepatic hydatid cysts. J
Gastrointest Surg. May 2008; 12(5):867-71.

171. Kaplowitz N, DelLeve LD (eds): Drug-Induced Liver Disease. New
York, Marcel Dekker, 2002.

172. Karahan OI, Kahriman G, Soyuer I, Ok E. Hepatic von Meyenburg
complex simulating biliary cystadenocarcinoma. Clin Imaging. Jan-
Feb 2007; 31(1):50-3.

173. Karhunen PJ. Benign hepatic tumours and tumour like conditions
in men. J Clin Pathol. Feb 1986; 39(2):183-8.

174. Katkhouda N, Hurwitz M, Gugenheim J, Mavor E, Mason RJ,
Waldrep DJ, et al. Laparoscopic management of benign solid and
cystic lesions of the liver. Ann Surg. Apr 1999; 229(4):460-6.

175. Keiding S, Hansen SB, Rasmussen HH, et al. Detection of
cholangiocarcinoma in primary sclerosing cholangitis by positron

emission tomography. Hepatology. Sep 1998; 28(3):700-6.

176. Kerlin P, Davis GL, McGill DB, Weiland LH, Adson MA, Sheedy
PF 2nd. Hepatic adenoma and focal nodular hyperplasia: clinical,
pathologic, and radiologic features. Gastroenterology. May 1983;
84(5 Pt 1):994-1002.

177. Kew MC. Tumors of the liver. In: Zakim D, Boyer TD, eds.
Hepatology. Philadelphia, Pa: WB Saunders. 1996:1513-1548.

178. Khairnar K, Parija SC. A novel nested multiplex polymerase chain

reaction (PCR) assay for differential detection of Entamoeba

200



histolytica, E. moshkovskii and E. dispar DNA in stool samples. BMC
Microbiol. May 24 2007; 7:47.

179. Khan R, Hamid S, Abid S, et al. Predictive factors for early
aspiration in liver abscess. World J Gastroenterol. Apr 7 2008;
14(13):2089-93.

180. Khan U, Mirdha BR, Samantaray JC, et al. Detection of
Entamoeba histolytica using polymerase chain reaction in pus samples
from amebic liver abscess. Indian J  Gastroenterol. Mar-
Apr 2006;25(2):55-7.

181. Khanna S, Chaudhary D, Kumar A, et al. Experience with
aspiration in cases of amebic liver abscess in an endemic area. Eur J
Clin Microbiol Infect Dis. Jun 2005;24(6):428-30.

182. Khoury G, Abiad F, Geagea T, Nabout G, Jabbour S. Laparoscopic
treatment of hydatid cysts of the liver and spleen. Surg
Endosc. Mar 2000;14(3):243-5.

183. Khoury G, Jabbour-Khoury S, Soueidi A, Nabbout G, Baraka
A. Anaphylactic shock complicating laparoscopic treatment of hydatid
cysts of the liver. Surg Endosc. May 1998;12(5):452-4.

184. Kim MJ, Han SJ, Yoon CS, et al. Using MR
cholangiopancreatography to reveal anomalous pancreaticobiliary
ductal union in infants and children with choledochal cysts. AJR Am J
Roentgenol 2002; 179:209-214.

185. Kim OH, Chung HJ, Choi BG. Imaging of the choledochal cyst.
RadioGraphics 1995; 15:69-88.

186. Kim S, Chung JJ, Kim MJ, et al. Atypical inside-out pattern of
hepatic hemangiomas.AJR Am J Roentgenol.Jun 2000;174(6):1571-4.



187. Kjossev KT, Losanoff JE. Hydatid cysts of the liver: TN(R)C
classification. Int Surg. Oct-Dec 1998;83(4):311-3.

188. Klatskin G. Adenocarcinoma of the hepatic duct at its bifurcation
within the porta hepatis. An unusual tumor with distinctive clinical
and pathological features. Am J Med. Feb 1965;38:241-56.

189. Kilatskin G. Hepatic tumors: possible relationship to use of oral

contraceptives. Gastroenterology. Aug 1977;73(2):386-94.

190. Kilatskin G. Hepatic tumors: possible relationship to use of oral
contraceptives.Gastroenterology.Aug 1977; DA-19770825(2):386-
94,

191. Knobloch J, Mannweiler E. Development and persistence of
antibodies to Entamoeba histolytica in patients with amebic liver
abscess. Analysis of 216 cases. Am J Trop Med Hyg. Jul 1983;
32(4):727-32.

192. Knowles DM 2nd, Casarella WJ, Johnson PM, Wolff M. The
clinical, radiologic, and pathologic characterization of benign hepatic
neoplasms. Alleged association with oral contraceptives. Medicine
(Baltimore). May 1978; 57(3):223-37.

193. Knowles DM, Wolff M. Focal nodular hyperplasia of the liver: a
clinicopathologic study and review of the literature. Hum
Pathol. Sep 1976; 7(5):533-45.

194. Koea JB, Broadhurst GW, Rodgers MS, et al. Inflammatory
pseudotumor of the liver: demographics, diagnosis, and the case for

nonoperative management. J Am Coll Surg. 2003; 196:226-235.

\®}
-
\S)



195. Koffron A, Rao S, Ferrario M, Abecassis M. Intrahepatic biliary
cystadenoma: role of cyst fluid analysis and surgical management in
the laparoscopic era. Surgery. Oct 2004; 136(4):926-36.

196. Konstadoulakis MM, Gomatos IP, Albanopoulos K, Alexakis N,
Leandros E. Laparoscopic fenestration for the treatment of patients
with severe adult polycystic liver disease. Am J Surg. Jan 2005;
189(1):71-5.

197. Krause D, Cercueil JP, Dranssart M, Cognet F, Piard F, Hillon P.
MRI for evaluating congenital bile duct abnormalities. J Comput
Assist Tomogr 2002; 26:541-552.

198. Krinsky GA, Lee VS, Theise ND, et al. Hepatocellular carcinoma
and dysplastic nodules in patients with cirrhosis: prospective diagnosis
with MR imaging and explantation correlation. Radiology. 2001;
219:445-454.,

199. Kubaska S, Sahani DV, Saini S, et al. Dual contrast enhanced
magnetic resonance imaging of the liver with superparamagnetic iron
oxide followed by gadolinium for lesion detection and
characterization. Clin Radiol. May 2001; 56(5):410-5.

200. Kumar V, Fausto N, Abbas A (editors) (2003). Robbins & Cotran
Pathologic Basis of Disease (7th Ed.). Saunders. pp. 914-7. ISBN
978-0-721-60187-8

201. Kume N, Suga K, Nishigauchi K, Shimizu K, Matsunaga
N. Characterization of hepatic adenoma with atypical appearance on
CT and MRI by radionuclide imaging. Clin Nucl Med. Dec 1997;
22(12):825-31.

202. Lake JR. Benign and malignant neoplasms of the gallbladder, bile

ducts and ampulla. In: Sleisinger MH, Fordtran JS, eds.

(]
o
(98]


http://en.wikipedia.org/wiki/Special:BookSources/9780721601878
http://en.wikipedia.org/wiki/Special:BookSources/9780721601878

Gastrointestinal Disease. 5th ed. Vol 2. Philadelphia, Pa: WB
Saunders. 1993:1891-1902.

203. Lanza, R. P. Principles of Tissue Engineering. 2nd Edition. 2000.

204. Lee RG. Neoplasms and other masses: Benign hepatocellular
tumors. In: Diagnostic Liver Pathology. St. Louis, Mo:. Moshy-
Yearbook; 1994:422-430.

205. Lee WM: Drug-induced hepatotoxicity. N Engl J Med 349:474,
2003 [PMID: 12890847].

206. Lefkowitch JH (1999). Hepatic granulomas. Journal of Hepatology
30, 40-5.

207. Lei KIK. Primary non-Hodgkin's lymphoma of the liver. Leuk
Lymphoma. 1998; 29:293-299.

208. Leo M, Haqgue R, Kabir M, et al. Evaluation of Entamoeba
histolytica antigen and antibody point-of-care tests for the rapid
diagnosis of amebiasis. J Clin Microbiol. Dec 2006; 44(12):4569-71.

209. Leslie DF, Johnson CD, Johnson CM, llstrup DM, Harmsen
WS. Distinction between cavernous hemangiomas of the liver and
hepatic metastases on CT: value of contrast enhancement
patterns. AJR Am J Roentgenol. Mar 1995; 164(3):625-9.

210. Lev-Toaff AS, Bach AM, Wechsler RJ, Hilpert PL, Gatalica Z,
Rubin R. The radiologic and pathologic spectrum of biliary
hamartomas. AJR Am J Roentgenol 1995; 165:309-313.

211. Levy AD, Rohrmann CA Jr, Murakata LA, Lonergan GJ. Caroli’s
disease: radiologic spectrum with pathologic correlation. AJR Am J
Roentgenol 2002; 179:1053-1057.

212. Lillemoe K, Kennedy A, Picus J.Clinical management of
carcinoma of the biliary tree. In: Kelsen DP, Daly JM, Kern SE, et

204



al. Gastrointestinal Oncology: Principles and Practices. Philadelphia,
Pa: Lippincott Williams & Wilkins; 2001.

213. Lim JH. Oriental cholangiohepatitis: pathologic, clinical and
radiologic features. AJR Am J Roentgenol 1991; 157:1-8.

214. Liu D, Lightowlers MW, Rickard MD. Evaluation of a monoclonal
antibody-based competition ELISA for the diagnosis of human
hydatidosis. Parasitology. Apr 1992; 104 (Pt 2):357-61.

215. Lotz MJ, Chabner B, De Vita VT Jr, et al. Pathological staging of
100 consecutive untreated patients with non-Hodgkin's lymphomas:
extramedullary sites of disease. Cancer.1976; 37:266-270.

216. Lotze MT, Flickinger JC, Carr BI. Hepatobiliary neoplasms. In:
Devita V, Hellman S, Rosenberg S. Cancer: Principles and Practice
of Oncology. 4th. Philadelphia, Pa: Lippincott; 1993:883-907.

macroregenerative nodule in an explanted liver. Transplantation. 2001;
72:538-5309.

217. Maddrey WC: Drug-induced hepatotoxicity. J Clin Gastroenterol
39(Suppl 2):S83, 2005.

218. Malagari K, Alexopoulou E, Dourakis S, et al. Transarterial
embolization of giant liver hemangiomas associated with Kasabach-
Merritt syndrome: a case report. Acta Radiol. Jul 2007; 48(6):608-12.

219. Maltz G, Knauer CM. Amebic liver abscess: a 15-year
experience. Am J Gastroenterol. Jun 1991; 86(6):704-10.

220. Mariani AF, Livingstone AS, Pereiras RV Jr, van Zuiden PE,
Schiff ER. Progressive enlargement of an hepatic cell
adenoma. Gastroenterology. Dec 1979; 77(6):1319-25.

221. Marieb, E. N. Human Anatomy & Physiology. 5th Edition. 2001.

205



222. Marsh JI, Gibney RG, Li DK. Hepatic hemangioma in the
presence of fatty infiltration: an atypical sonographic
appearance. Gastrointest Radiol. 1989;14(3):262-4.

223. Martin 1J, McKinley AJ, Currie EJ, Holmes P, Garden
OJ. Tailoring the management of nonparasitic liver cysts. Ann
Surg. Aug 1998;228(2):167-72.

224. Matsushita M, Takehara Y, Nasu H, et al. Atypically enhanced
cavernous hemangiomas of the liver: centrifugal enhancement does
not preclude the diagnosis of hepatic hemangioma. J
Gastroenterol. Dec 2006;41(12):1227-30.

225. Mbaye PS, Koffi N, Camara P, et al.[Pleuropulmonary
manifestations of amebiasis]. Rev  Pneumol Clin. Dec 1998;
54(6):346-52.

226. McArdle CR. Ultrasonic appearances of a hepatic hemangioma. J
Clin Ultrasound. Apr 1978; 6(2):124.

227. McFarland EG, Mayo-Smith  WW, Saini S, et al. Hepatic
hemangiomas and malignant tumors: improved differentiation with
heavily T2-weighted conventional spin-echo MR
imaging. Radiology. Oct 1994; 193(1):43-7.

228. Men S, Akhan O, Koroglu M. Percutaneous drainage of abdominal
abcess. Eur J Radiol. Sep 2002;43(3):204-18.

229. Mergo PJ, Ros PR. Benign lesions of the liver. Radiol Clin North
Am. 1998; 36:319-331.

230. Mergo PJ, Ros PR. Benign lesions of the liver. Radiol Clin North
Am. Mar 1998; 36(2):319-31.

206



231. Micchelli ST, Vivekanandan P, Boitnott JK, et al. Malignant
transformation of hepatic adenomas. Mod
Pathol. Apr 2008;21(4):491-7.

232. Miller WJ, Sechtin AG, Campbell WL, Pieters PC. Imaging
findings in Caroli’s disease.AJR Am J Roentgenol 1995; 165:333—
337.

233. Mills GC, Alperin JB, Trimmer KB. Studies on variant glucose-6-
phosphate  dehydrogenases:  G6PD  Fort  Worth. Biochem
Med. Jul 1975; 13(3):264-75.

234. Mitsudo K, Watanabe Y, Saga T, et al. Nonenhanced hepatic
cavernous hemangioma with multiple calcifications: CT and
pathologic correlation. Abdom Imaging. Sep-Oct 1995; 20(5):459-61.

235. Morin SH, Lim AK, Cobbold JF, Taylor-Robinson SD. Use of
second generation contrast-enhanced ultrasound in the assessment of
focal liver lesions. World J Gastroenterol.Dec 7 2007; 13(45):5963-
70.

236. Morino M, De Giuli M, Festa V, Garrone C. Laparoscopic
management of symptomatic nonparasitic cysts of the liver.
Indications and results. Ann Surg. Feb 1994; 219(2):157-64.

237. Mortele B, Mortele K, Seynaeve P, Vandevelde D, Kunnen M, Ros
PR. Hepatic bile duct hamartomas (von Meyenburg complexes): MR
and MR cholangiography findings. J Comput Assist Tomogr 2002;
26:438-443.

238. Mortele KJ, Ros PR. Cystic focal liver lesions in the adult:
differential CT and MR imaging features. RadioGraphics 2001;
21:895-910.



239. Mortele KJ, Ros PR.Benign liver neoplasms. Clin Liver
Dis. Feb 2002; 6(1):119-45.

240. Mougiakakou SG, Valavanis IK, Nikita A, Nikita KS. Differential
diagnosis of CT focal liver lesions using texture features, feature
selection and ensemble driven classifiers. Artif Intell Med. Jul
9 2007;epub ahead of print.

241. Myers RP, Downey D, Chakrabarti S, Marotta PJ. Multiple focal
nodular  hyperplasia and  steatosis:  Atypical Imaging
characteristics. Can J Gastroenterol. Feb 2001; 15(2):137-42.

242. Nakaizumi A, lishi H, Yamamoto R, et al. Diagnosis of hepatic
cavernous hemangioma by fine needle aspiration biopsy under
ultrasonic guidance. Gastrointest Radiol. 1990; 15(1):39-42.

243. National Comprehensive Cancer Network Clinical Practice
Guidelines in Oncology. Available at

http://www.nccn.org/professionals/physician_gls/default.asp.

244. Navarro VJ, Senior JR:Drug-related hepatotoxicity. N Engl J Med
354:731, 2006 [PMID: 16481640].

245. Ndimbie OK, Goodman ZD, Chase RL, Ma CK, Lee
MW. Hemangiomas with localized nodular proliferation of the liver.
A suggestion on the pathogenesis of focal nodular hyperplasia. Am J
Surg Pathol. Feb 1990; 14(2):142-50.

246. Nghiem HV, Bogost GA, Ryan JA, et al. Cavernous hemangiomas
of the liver: enlargement over time. AJR Am J Roentgenol. Jul 1997;
169(1):137-40.

247. Nguyen BN, Fléjou JF, Terris B, Belghiti J, Degott C. Focal

nodular hyperplasia of the liver: a comprehensive pathologic study of

208


http://www.nccn.org/professionals/physician_gls/default.asp

305 lesions and recognition of new histologic forms. Am J Surg
Pathol. Dec 1999; 23(12):1441-54.

248. Ochieng'-Mitula PJ, Burt MD. The effects of ivermectin on the
hydatid cyst of Echinococcus granulosus after direct injection at
laparotomy. J Parasitol. Feb 1996;82(1):155-7.

249. Ochsner A, DeBakey M, Murray S. Pyogenic abscess of the
liver. Am J Surg. 1938; 40:292.

250. Odievre M, Chaumont P, Montagne JP, Alagille D. Anomalies of
the intrahepatic portal venous system in congenital hepatic fibrosis.
Radiology 1977; 122:427-430.

251. Ortner MA, Liebetruth J, Schreiber S, et al. Photodynamic therapy
of _nonresectable_cholangiocarcinoma. Gastroenterology. Mar 1998;
114(3):536-42.

252. Ortner ME, Caca K, Berr F, et al. Successful photodynamic
therapy for nonresectable cholangiocarcinoma: a randomized
prospective study. Gastroenterology. Nov 2003; 125(5):1355-63.

253. Page RD, Romaguera JE, Osborne B, et al. Primary hepatic
lymphoma: favorable outcome after combination chemotherapy.
Cancer. 2001; 92:2023-2029.

254. Pain JA, Gimson AE, Williams R, Howard ER. Focal nodular
hyperplasia of the liver: results of treatment and options in
management. Gut. May 1991; 32(5):524-7.

255. Paley MR, Mergo PJ, Torres GM, Ros PR. Characterization of
focal hepatic lesions with ferumoxides-enhanced T2-weighted MR
imaging. AJR Am J Roentgenol. Jul 2000; 175(1):159-63.

256. Palmer, M. Hepatitis & Liver Disease. 2000.

209



257. Papastratis G, Margaris H, Zografos GN, et al. Mesenchymal
hamartoma of the liver in an adult: a review of the literature. Int J Clin
Pract. 2000; 54: 552-554.

258. Paradis V, Benzekri A, Dargere D, Bieche I, Laurendeau I,
Vilgrain V. Telangiectatic focal nodular hyperplasia: a variant of

hepatocellular adenoma. Gastroenterology. May 2004; 126(5):1323-9.

259. Pastagia M, Arumugam V. Klebsiella pneumoniae liver abscesses
in a public hospital in Queens, New York. Travel Med Infect
Dis. Jul 2008;6(4):228-33.

260. Patel PM, Alibazoglu H, Ali A, Fordham E, LaMonica G. 'False-
positive' uptake of FDG in a hepatic adenoma. Clin Nucl
Med. Jul 1997; 22(7):490-1.

261. Paulson EK, McClellan JS, Washington K, et al. Hepatic adenoma:
MR characteristics and correlation with pathologic findings. AJR Am J
Roentgenol. Jul 1994;163(1):113-6.

262. Pedrosa I, Saiz A, Arrazola J, Ferreirés J, Pedrosa CS. Hydatid
disease: radiologic and pathologic features and
complications. Radiographics. May-Jun 2000; 20(3):795-817.

263. Peng SY, Chen WJ, Lai PL, et al. High alpha-fetoprotein level
correlates with high stage, early recurrence and poor prognosis of
hepatocellular carcinoma: significance of hepatitis virus infection, age,
p53 and beta-catenin mutations. Int J Cancer. Oct 20 2004;112(1):44-
50.

264. Perkins AB, Imam K, Smith WJ, Cronan JJ. Color and power
Doppler sonography of liver hemangiomas: a dream unfulfilled?. J
Clin Ultrasound. May 2000; 28(4):159-65.



265. Petrowsky H, Wildbrett P, Husarik DB. Impact of Integrated PET
and CT on staging and management of glabladder cancer and

cholangiocarcinoma. J Hepatol. 2006; Epub Apr 19.

266. Pirenne J, Aerts R, Yoong K, Gunson B, Koshiba T, Fourneau I, et
al. Liver transplantation for polycystic liver disease. Liver
Transpl. Mar 2001; 7(3):238-45.

267. Pol B, Disdier P, Le Treut YP, et al. Inflammatory process
complicating giant hemangioma of the liver: report of three
cases. Liver Transpl Surg. May 1998;4(3):204-7.

268. Polo JR, Garcia-Sabrido JL. Sclerosing cholangitis associated with
hydatid liver disease. Arch Surg. May 1989; 124(5):637.

269. Qi Z, Atsuchi N, et al. Blockade of type beta transforming growth
factor signaling prevents liver fibrosis and dysfunction in rats. Proc
Natl. Acad. Sci. 1999.

270. Que F, Nagorney DM, Gross JB Jr, Torres VE. Liver resection and
cyst fenestration in the treatment of severe polycystic liver
disease. Gastroenterology. Feb 1995; 108(2):487-94.

271. Quinn SF, Benjamin GG. Hepatic cavernous hemangiomas:
simple diagnostic sign with dynamic bolus CT. Radiology. Feb 1992;
182(2):545-8. .

272. Qvarnstrom Y, James C, Xayavong M, et al. Comparison of real-
time PCR protocols for differential laboratory diagnosis of
amebiasis. J Clin Microbiol. Nov 2005; 43(11):5491-7,

273. Rajak CL, Gupta S, Jain S, et al. Percutaneous treatment of liver
abscesses: needle aspiration versus catheter drainage. AJR Am J
Roentgenol. Apr 1998; 170(4):1035-9.

211



274. Ramacciato G, Nigri GR, D'Angelo F, Aurello P, Bellagamba R,
Colarossi C, et al. Emergency laparotomy for misdiagnosed biliary
cystadenoma originating from caudate lobe. World J Surg
Oncol. 2006; 4:76.

275. Ravdin JI, Stauffer W. Entamoeba histolytica (amebiasis). In:
Mandell GI, Bennett J, Dolin R eds. Principles and Practice of
Infectious Diseases. Vol 2.6" ed. Philadelphia, PA: Elsevier; 2005:
Part 111, sect H, 3097-3111.

276. Ravdin JI. Amebiasis. Clin Infect Dis. Jun 1995;20(6):1453-64;
quiz 1465-6.

277. Reddy KR, Schiff ER. Approach to a liver mass. Semin Liver
Dis. Nov 1993; 13(4):423-35.

278.Ren N, Qin LX, Tang ZY, et al. Diagnosis and treatment of hepatic
angiomyolipoma in 26 cases. World J Gastroenterol. 2003; 9:1856—
1858.

279. Restrepo MI, Restrepo Z, and Elsa Villareal CL, et al. Diagnostic
tests for amoebic liver abscess: comparison of enzyme-linked
immunosorbent assay (ELISA) and counterimmunoelectrophoresis
(CIE). Rev Soc Bras Med Trop. Jan-Feb 1996; 29(1):27-32.

280. Rhodes RH, Marchildon MB, Luebke DC, Edmondson HA, Mikity
VG. A mixed hamartoma of the liver: light and electron
microscopy. Hum Pathol. Mar 1978; 9(2):211-21.

281. Rintoul R, O'Riordain MG, Laurenson IF, et al. Changing
management of pyogenic liver abscess. Br J Surg. Sep 1996;
83(9):1215-8.

\9)
\9)



282. Robinson TN, Stiegmann GV, Everson GT. Laparoscopic
palliation of polycystic liver disease. Surg Endosc. Jan 2005;
19(1):130-2.

283. Robles PJ, Lara JG, Lancaster B. Drainage of hepatic amebic
abscess successfully treated by laparoscopy.J Laparoendosc
Surg. Dec 1994; 4(6):451-4.

284. Rockey D. Hepatobiliary infections. Curr Opin
Gastroenterol. May 1999;15(3):229-33.

285.Rode A, Bancel B, Douek P, et al. Small nodule detection in
cirrhotic livers: evaluation with US, spiral CT, and MRI and
correlation with pathologic examination of explanted liver. J Comput
Assist Tomogr. 2001; 25:327-336.

286. Rooks JB, Ory HW, Ishak KG, Strauss LT, Greenspan JR, Hill
AP. Epidemiology of hepatocellular adenoma. The role of oral
contraceptive use. JAMA. Aug 17 1979; 242(7).644-8.

287. Roy S, Kabir M, Mondal D, et al. Real-time-PCR assay for
diagnosis  of  Entamoeba  histolytica  infection.J  Clin
Microbiol. May 2005; 43(5):2168-72.

288. Rubinson HA, Isikoff MB, Hill MC. Diagnostic imaging of hepatic
abscesses: a retrospective analysis. AJR Am J Roentgenol. Oct 1980;
135(4):735-45.

289. Rumack CM, Wilson SR, Charboneau JW, eds. Diagnostic
Ultrasound. Vol 1.2  ed.St  Louis,  Mo: Mosby-Year
Book; 1998:129-30.

290. Sakai T, Shiraki K, Yamamoto N, et al. Diagnosis of inflammatory
pseudotumor of the liver. Int J Mol Med. 2002; 10:281-285.

\9)
W



291. Sanchez H, Gagner M, Rossi RL, Jenkins RL, Lewis WD, Munson
JL, et al. Surgical management of nonparasitic cystic liver disease. Am
J Surg. Jan 1991; 161(1):113-8; discussion 118-9.

292. Saul SH. Masses of the liver. In: Sternberg SS, ed. Diagnostic
Surgical Pathology. 2™ Ed. New York, NY: Raven; 1994:1517-1580.

293. Savader SJ, Benenati JF, Venbrux AC, et al. Choledochal cysts:
classification and cholangiographic appearance. AJR Am ]
Roentgenol 1991; 156: 327-331.

294. Schweiger F, Shinder R, Rubin S. Primary lymphoma of the liver:
a case report and review. Can J Gastroenterol. 2000; 14:955-957.

295. Seeto RK, Rockey DC. Pyogenic liver abscess. Changes in
etiology, management, and outcome. Medicine (Baltimore). Mar 1996;
75(2):99-113.

296. Semelka R, Hussain SM, Marcos HB, Woosley JT. Biliary
hamartomas: solitary and multiple lesions shown on current MR
techniques including gadolinium enhancement. J Magn Reson
Imaging 1999; 10:196-201.

297. Semelka RC, Martin DR, Balci C, Lance T. Focal liver lesions:
comparison of dual-phase CT and multisequence multiplanar MR
imaging including dynamic gadolinium enhancement. J Magn Reson
Imaging. Mar 2001; 13(3):397-401.

298. Serra C, Piscaglia F. Nodule in nodule: malignant transformation of
a macroregenerative nodule in cirrhosis revealed by duplex-Doppler. J
Hepatol. 1999; 30:955.

299. Seven R, Berber E, Mercan S, Eminoglu L, Budak D. Laparoscopic
treatment of hepatic hydatid cysts. Surgery. Jul 2000; 128(1):36-40.



300. Shen YH, Fan J, Wu ZQ, Ma ZC, Zhou XD, Zhou J. Focal nodular
hyperplasia of the liver in 86 patients. Hepatobiliary Pancreat Dis
Int. Feb 2007; 6(1):52-7.

301. Sherlock S. Cystic diseases of the liver. In: Schiff L, Schiff E, eds.
Diseases of the liver. 7th ed. Philadelphia, Pa: Lippincott, 1999; 1083—
1090.

302. Shimada M, Matsumata T, lkeda Y, et al. Multiple hepatic
hemangiomas with significant arterioportal venous
shunting. Cancer. Jan 15 1994; 73(2):304-7.

303. Shimada M, Takenaka K, Gion T, Fujiwara Y, Taguchi K,
Kajiyama K, et al. Treatment strategy for patients with cystic lesions
mimicking a liver tumor: a recent 10-year surgical experience in
Japan. Arch Surg. Jun 1998; 133(6):643-6.

304. Simmons DT, Baron TH, Peterson BT. A Novel Endoscopic
Approach to Brachytherapy in the Management of Hilar

Cholangiocarcinoma. Am J Gastroenterol. 2006;Epub ahead of print.

305. Simon HB, Wolff SM (1973). Granulomatous hepatitis and
prolonged fever of unknown origin: a study of 13 patients. Medicine
(Baltimore) 52,

306. Singh RK, Kapoor S, Sahni P, Chattopadhyay TK. Giant
haemangioma of the liver: is enucleation better than resection?. Ann R
Coll Surg Engl. Jul 2007; 89(5):490-3.

307. Siu WT, Chan WC, Hou SM, et al. Laparoscopic management of
ruptured pyogenic liver abscess. Surg Laparosc Endosc. Oct 1997,
7(5):426-8.



308. Slone HW, Bennett WF, Bova JG. MR findings of multiple biliary
hamartomas. AJR Am J Roentgenol 1993; 161:581-583.

309. Smego RA Jr, Bhatti S, Khalig AA, Beg MA. Percutaneous
aspiration-injection-reaspiration drainage plus albendazole or
mebendazole for hepatic cystic echinococcosis: a meta-analysis. Clin
Infect Dis. Oct 15 2003; 37(8):1073-83.

310. Snow MJ, Stanley SL Jr. Recent progress in vaccines for
amebiasis. Arch Med Res. Feb 2006; 37(2):280-7.

311. Solaymani-Mohammadi S, Rezaian M, Babaei Z, et
al. Comparison of a stool antigen detection kit and PCR for diagnosis
of Entamoeba histolytica and Entamoeba dispar infections in
asymptomatic cyst passers in lIran.J Clin Microbiol. Jun 2006;
44(6):2258-61.

312. Soyer P, Bluemke DA, Fishman EK, Rymer R. Fluid-fluid levels
within focal hepatic lesions: imaging appearance and etiology. Abdom
Imaging. Mar-Apr 1998; 23(2):161-5.

313. Stain SC, Yellin AE, Donovan AJ, et al. Pyogenic liver abscess.
Modern treatment. Arch Surg. Aug 1991; 126(8):991-6.

314. Stanley SL Jr, Jackson TF, Foster L, et al. Longitudinal study of
the antibody response to recombinant Entamoeba histolytica antigens
in patients with amebic liver abscess. Am J Trop Med Hyg. Apr 1998;
58(4):414-6.

315. Stanley SL Jr. Amoebiasis.Lancet.Mar22 2003; 361(9362):1025-
34,

316. Stanley SL Jr. Vaccines for amoebiasis: barriers and
opportunities. Parasitology. 2006; 133 Suppl: S81-6.

216



317. Stickel F et al: Herbal hepatotoxicity. J Hepatol 43:901, 2005
[PMID: 16171893].

318. Stuart KE, Anand AJ, Jenkins RL. Hepatocellular carcinoma in the
United States. Prognostic features, treatment outcome, and
survival. Cancer. Jun 1 1996; 77(11):2217-22.

319. Summerfield JA, Nagafuchi Y, Sherlock S, Cadafalch J, Scheuer
PJ. Hepatobiliary fibropolycystic diseases: a clinical and histological
review of 51 patients. J Hepatol 1986; 2:141-156.

320. Taboury J, Porcel A, Tubiana JM, Monnier JP. Cavernous
hemangiomas of the liver studied by ultrasound. Enhancement
posterior to a hyperechoic mass as a sign of
hypervascularity. Radiology. Dec 1983; 149(3):781-5.

321. Tak WY, Park SY, Jeon SW, et al. Ultrasonography-guided
percutaneous radiofrequency ablation for treatment of a huge
symptomatic hepatic cavernous hemangioma. J Clin
Gastroenterol. Feb 2006; 40(2):167-70.

322. Tan A, Yakut M, Kaymakcioglu N, Ozerhan IH, Cetiner S,
Akdeniz A. The results of surgical treatment and percutaneous
drainage of hepatic hydatid disease. Int Surg. Oct-Dec 1998;
83(4):314-6.

323. Tanyuksel M, Petri WA Jr. Laboratory diagnosis of amebiasis. Clin
Microbiol Rev. Oct 2003; 16(4):713-29.

324. Taylor BR, Langer B. Current surgical management of hepatic cyst
disease. Adv Surg. 1997; 31:127-48.



325. Taylor DH, Morris DL.In vitro culture of Echinococcus
multilocularis: protoscolicidal action of praziquantel and albendazole
sulphoxide. Trans R Soc Trop Med Hyg. 1988; 82(2):265-7.

326. Tello R, Fenlon HM, Gagliano T, et al. Prediction rule for
characterization of hepatic lesions revealed on MR imaging:
estimation of malignancy. AJR Am J Roentgenol. Apr 2001;
176(4):879-84.

327. Teoh AY, Ng SS, Lee KF, Lai PB. Biliary cystadenoma and other
complicated cystic lesions of the liver: diagnostic and therapeutic
challenges. World J Surg. Aug 2006; 30(8):1560-6.

328. Terada T, Kitamura Y, Ohta T. Endocrine cells in hepatobiliary
cystadenomas and cystadenocarcinomas. Virchows Arch. Jan 1997;
430(1):37-40.

329. Thomas KT, Welch D, Trueblood A, Sulur P, Wise P, Gorden DL,
et al Effective treatment of biliary  cystadenoma. Ann
Surg. May 2005; 241(5):769-73; discussion 773-5.

330. Thongprasert S, Napapan S, Charoentum C, Moonprakan S. Phase
Il study of gemcitabine and cisplatin as first-line chemotherapy in
inoperable biliary tract carcinoma.Ann Oncol. Feb 2005; 16(2):279-
81.

331. Thongprasert S. The role of chemotherapy in
cholangiocarcinoma. Ann Oncol. 2005;16 Suppl 2:ii93-6.

332. Todani T, Watanabe Y, Fujii T, Toki A, Uemura S, Koike Y.
Congenital choledochal cyst with intrahepatic involvement. Arch Surg
1984; 119: 1038-1043.



333. Todorov T, Mechkov G, Vutova K, Georgiev P, Lazarova I,
Tonchev Z, et al. Factors influencing the response to chemotherapy in
human cystic echinococcosis. Bull World Health Organ. 1992;
70(3):347-58.

334. Tran-Minh VA, Gindre T, Pracros JP, et al. Volvulus of a
pedunculated hemangioma of the liver [letter]. AJR Am J
Roentgenol. Apr 1991; 156(4):866-7.

335. Tsai FC, Huang YT, Chang LY, et al. Pyogenic liver abscess as
endemic disease, Taiwan. Emerg Infect Dis. Oct 2008; 14(10):1592-
600.

336. Tung GA, Vaccaro JP, Cronan JJ, Rogg JM. Cavernous
hemangioma of the liver: pathologic correlation with high-field MR
imaging. AJR Am J Roentgenol. May 1994, 162(5):1113-7.

337. Uchida M, Ishibashi M, Tomita N, et al. Hilar and suprapancreatic
cholangiocarcinoma: value of 3D angiography and multiphase fusion
Images using MDCT. AJR Am J Roentgenol.May 2005;184(5):1572-7.

338. Uggowitzer M, Kugler C, Machan L, et al. Power Doppler imaging
and evaluation of the resistive index in focal nodular hyperplasia of
the liver. Abdom Imaging. May-Jun 1997; 22(3):268-73.

339. Uggowitzer MM, Kugler C, Mischinger HJ, et al. Echo-enhanced
Doppler sonography of focal nodular hyperplasia of the liver. J
Ultrasound Med. Jul 1999; 18(7):445-51; quiz 453-4.

340. Ungermann L, Elia§ P, ZiA¥ka J, Ryska P, Klzo L. Focal nodular
hyperplasia: Spoke-wheel arterial pattern and other signs on dynamic
contrast-enhanced ultrasonography. Eur J Radiol. Mar 10 2007.



341. Venkatesh SK, Yin M, Glockner JF, et al. MR elastography of liver
tumors: preliminary results. AJR  Am J Roentgenol. Jun 2008;
190(6):1534-40.

342. Vilgrain V, Boulos L, Vullierme MP, et al. Imaging of atypical
hemangiomas of the liver with pathologic
correlation. Radiographics. Mar-Apr 2000; 20(2):379-97.

343. Vilgrain V, Flejou JF, Arrive L, et al. Focal nodular hyperplasia of
the liver: MR imaging and pathologic correlation in 37
patients. Radiology. Sep 1992; 184(3):699-703.

344. Von Sinner WN. New diagnostic signs in hydatid disease;
radiography, ultrasound, CT and MRI correlated to pathology. Eur J
Radiol. Mar-Apr 1991; 12(2):150-9.

345. Wang W, Lee WJ, Wei PL, et al. Laparoscopic drainage of
pyogenic liver abscesses. Surg Today. 2004; 34(4):323-5.

346. Wanless IR, Albrecht S, Bilbao J, Frei JV, Heathcote EJ, Roberts
EA. Multiple focal nodular hyperplasia of the liver associated with
vascular malformations of various organs and neoplasia of the brain: a
new syndrome. Mod Pathol. Sep 1989; 2(5):456-62.

347. Wanless IR, Mawdsley C, Adams R. On the pathogenesis of focal
nodular hyperplasia of the liver. Hepatology. Nov-Dec 1985;
5(6):1194-200.

348. Wanless IR. Benign liver tumors. Clin Liver Dis. 2002; 6:513-526.

349. Wanless IR. Micronodular transformation (nodular regenerative
hyperplasia) of the liver: a report of 64 cases among 2,500 autopsies
and a new classification  of  benign  hepatocellular
nodules. Hepatology. May 1990; 11(5):787-97.

220



350. Weimann A, Ringe B, Klempnauer J, et al. Benign liver tumors:
differential diagnosis and indications for surgery. World J Surg. Nov-
Dec 1997; 21(9):983-90; discussion 990-1.

351. Welch TJ, Sheedy PF 2nd, Johnson CM, et al. Focal nodular
hyperplasia and hepatic adenoma: comparison of angiography, CT,
US, and scintigraphy. Radiology. Sep 1985; 156(3):593-5.

352. Wheeler DA, Edmondson HA. Cystadenoma with mesenchymal
stroma (CMS) in the liver and bile ducts. A clinicopathologic study of
17 cases, 4 with malignant change.Cancer.Sep 15 1985; 56(6):1434-
45,

353. Wilbur AC, Gyi B. Hepatocellular carcinoma: MR appearance
mimicking focal nodular hyperplasia. AJR Am J
Roentgenol. Oct 1987; 149(4):721-2.

354. Williams JF, Perez Esandi MV, Oriol R. Evaluation of purified
lipoprotein  antigens of Echinococcus granulosus in the
Immunodiagnosis of human infection. Am J Trop Med Hyg. Jul 1971,
20(4):575-9.

355. Wojtowycz M, ed. Handbook of Interventional Radiology and
Angiography. 2™d. St Louis,Mo: Mosby-Year Book;1995:77-83.

356. Woods GL. Biliary cystadenocarcinoma: Case report of hepatic
malignancy originating in benign cystadenoma. Cancer. Jun 15 1981,
47(12):2936-40.

357. Yalcin,S. Diagnosis and management of cholangiocarcinomas:
acomprehensive review. Hepatogastroenterology. Jan_Feb2004;
51(55):43-50.

[\
\9)



358.Yan F, Zeng M, Zhou K, et al. Hepatic angiomyolipoma: various
appearances on two-phase contrast scanning of spiral CT. Eur J
Radiol. 2002; 41:12-18.

359. Yanaga K, Kitano S, Hashizume M, et al. Laparoscopic drainage of
pyogenic liver abscess. Br J Surg. Jul 1994; 81(7):1022.

360. Yang DM, Yoon MH, Kim HS, Kim HS, Chung JW. Capsular
retraction in hepatic giant hemangioma: CT and MR features. Abdom
Imaging. Jan-Feb 2001; 26(1):36-8.

361. Yaziji N, Martin L, Hillon P, Favre JP, Henninger JF, Piard F.
Cholangiocarcinoma arising from biliary microhamartomas in a man
suffering from hemochromatosis. Ann Pathol 1997; 17:346-349.

362. Ye MQ, Suriawinata A, Black C, et al. Primary hepatic marginal
zone B-cell lymphoma of mucosa-associated lymphoid tissue type in a
patient with primary biliary cirrhosis. Arch Pathol Lab Med. 2000;
124.:604-608.

363. Yeh CN, Chen MF, Hung CF, et al. Angiomyolipoma of the liver. J
Surg Oncol. 2001; 77:195-200.

364. Zacherl J, Scheuba C, Imhof M, Jakesz R, Fiigger R. Long-term
results after laparoscopic unroofing of solitary symptomatic congenital
liver cysts. Surg Endosc. Jan 2000; 14(1):59-62.

365. Zeitoun D, Brancatelli G, Colombat M, et al. Congenital hepatic
fibrosis:CT findings in 18adults.Radiology2004; 231:109-116.

366. Zeppa P, Anniciello A, Vetrani A, et al. Fine needle aspiration
biopsy of hepatic focal fatty change: a report of two cases. Acta Cytol.
2002; 46:567— 570.

[\
[\
\9)



