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1.   Introduction 

1.1.   Anatomy of the liver 

1.1.1.   Macroscopic structure of the liver 

The liver (Greek word for liver: hepar - ἡπαρ, hence the adjective hepatic) 

represents the largest gland in the human body, possessing an exocrine as well 

as an endocrine function, as well as its largest solid organ and second-largest 

overall after the skin. It has a weight of 1200 to 1500 g and a width of 7 to 10,5 

cm for adults, depending on sex and body size.1  

Anatomically, the liver is divided by fissures (fossae) into four lobes: the left (lobus 

hepatis sinister), the right (lobus hepatis dexter), the quadrate (lobus quadratus) 

and the caudate lobe (lobus caudatus).2 

It is the only human organ that has the remarkable property of self-regeneration 

following damage of up to 75%.3,4 If a part of the liver is resected or destroyed, 

the remaining parts can grow back to the liver’s original size in approximately 

three to six months, regaining its original function within two to three weeks, 

provided that no other damage or complications arise.5 

The liver’s various functions are performed by the liver cells, the hepatocytes, 

which account for approximately 80% of the liver's cytoplasmic mass and play a 

vital role in the physiopathology of the liver.6   

The liver’s role in metabolism is significant; it is the main site in the body for 

gluconeogenesis and has a number of complex functions, such as glycogen 

storage, protein (inter alia plasma protein) synthesis, storage and secretion, the 

synthesis of cholesterol, phospholipids and bile salts, decomposition of 

erythrocytes, production of hormones and detoxification. Hepatocytes have the 

ability to metabolise and inactivate exogenous and endogenous compounds such 

as drugs and steroids, respectively, while also being able to modify ammonia into 

urea for excretion (urea cycle). The liver also induces the production and 

secretion of bile and, thus, participates in the emulsification of lipids and 

digestion.7,8 
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1.1.2.   Segmental anatomy of the liver 

The Couinaud classification is the most commonly used to describe the hepatic 

functional anatomy. According to it, the liver is divided into eight functionally 

independent segments (SEG) (Table 1). Every SEG possesses a vascular inflow 

via the portal vein’s (PV, Latin: vena portae) and hepatic artery’s (AH, Latin: 

arteria hepatica) branches, which are located in the centre of the SEG, outflow 

via the hepatic veins (VH, Latin: venae hepaticae) at the margins of the SEG and 

biliary drainage through the bile duct at the centre of the SEG.9,10 

 

Table 1. Hepatic segments based on the Couinaud classification9 

I Caudate or Spigel lobe 

II 
Lateral SEG 

Superior subsegment 

III Inferior subsegment 

IVa 
Medial SEG 

Superior subsegment 

IVb Inferior subsegment 

V 
Anterior SEG 

Inferior subsegment 

VIII Superior subsegment 

VI 
Posterior SEG 

Inferior subsegment 

VII Superior subsegment 

 

The liver is divided into a functional left and right side, namely the left and right 

liver (also known as the left and right hemiliver), via the main portal scissura 

(MPS) or Cantlie's line. The MPS contains the middle VH and spans from the 

posthepatic inferior vena cava (IVC), along the anterosuperior (diaphragmatic) 

surface of the liver, to the centre of the gallbladder fossa. The right vertical 

scissura (VS) contains the right VH and subdivides the liver’s right lobe into 

anterior (SEGs V and VIII) and posterior SEGs (SEGs VI and VII). The SEG V is 

divided from the SEG VIII and, respectively, the SEG VI from the SEG VII by the 

transverse scissura (TS), which contains the main right PV. The SEGs V and VI 
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are located inferior at the anterior and posterior sectors, respectively, while VIII 

and VII are located superior to this plane. The left VS, which contains the left VH, 

subdivides the left lobe of the liver into lateral (SEGs II and III) and medial (SEG 

IV) sectors. According to Bismuth, the medial SEG (SEG IV) of the left liver can 

be divided into two subsegments by the trans-axial scissura (TAS) containing the 

left PV (SEGs IVa and IVb). From the external surface of the liver, the SEGs IVa 

and IVb are separated from the SEGs II and III by the falciform ligament. The 

SEGs II and III are also divided by the TAS containing the left PV. The SEG I 

(Caudate or Spigel lobe) is divided by the SEGs II and III by the ligamentum 

venosum. SEGs I, VI and VII are located posteriorly and are not visible on a 

frontal view. The lateral part of the left hemiliver is formed by the SEGs II and III 

and the medial part is formed by the SEGs IVa and IVb. The right hepatic border 

is formed by the SEGs V and VIII (Figure 1).9,11,12 

 

 

Figure 1. Couinaud’s Segmental Anatomy of the  Liver. Reproduced from López-Terrada D, Alaggio R, 
de Dávila MT, et al.12 Copyright licence number: 5170650928363. 
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Since the liver is divided into self-contained SEGs, each of them can be resected 

without affecting the others, as long as the resections proceed along the vessels 

that demarcate the borders of the SEGs.9  

SEG 1 (Caudate or Spigel lobe) differs anatomically from all the other SEGs as 

its portal inflow originates from the left and right branches of the PV and also short 

VHs are frequently present, connecting it directly to the IVC. Due to this unique 

blood supply, it is isolated and can be saved from a disease process; it can also 

undergo hypertrophy in order to compensate for the destruction of the liver 

parenchyma caused by a disease.9 

Resecting specific liver SEGs is particularly useful in patients with hepatocellular 

carcinoma. The main quest in these cases is to resect the entire tumour-affected 

liver tissue whilst retaining all healthy liver in order to prevent further loss of the 

liver properties and functions. It has been proved that non-SEG based resections 

provide operative mortality of 20 - 60%, while SEG based resections provide 

operative mortality of 0 - 16%, minimising also the postoperative liver dysfunction 

and also offering a long-term outcome similar to a major liver resection.10,11 

 

1.1.3.   Liver’s blood circulation 

The hepatic blood supply is unique, since it is derived not only from the heart, but 

also from the digestive track via the AHs and the PV, respectively. The AHs 

supply the liver with oxygenated blood, which represents 20 - 25% of the liver's 

blood, while the remaining 75 - 80% of the liver’s blood is supplied by the PV. 

However, only half of the liver's oxygen supply originates from the hepatic PV, 

while the other half originates from the AHs.13-15 

The patterns of the liver’s arterial blood supply are variable; in 25% to 75% of 

cases, deviations of the main pattern in which the liver receives its arterial blood 

supply are found.16 

There are multiple AH variations and classifications. In some cases, there also 

exist aberrant AH, known as accessory AH, which contribute to the hepatic 

arterial blood supply; these are even capable of providing the main arterial supply 

to hepatic parts, in which case they are termed as “replacing AHs”. Being familiar 
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with the conventional anatomy and its variations is of utmost importance for the 

radiologist, as well as the surgeon, in order to plan the best therapeutic approach 

and to reduce the intra- and postoperative complications.17-22 

The common AH arises in most cases from the coeliac trunk. It divides into the 

gastroduodenal arteries and the proper AH, which, within the hepatoduodenal 

ligament, bifurcates into right and left branches, termed the right and left branches 

of the AH, respectively, each supplying the right and left lobes, respectively.17-20 

The most commonly used classification of the liver vascularisation is that of 

Michel from 1955. Michel described ten types, with type I being the most 

common, as described above. In 10% of cases, a left AH starts from the left 

gastric artery (LGA) and supplies the left liver while a middle AH supplies the right 

liver; this represents Michel’s type II. In 11% of cases, a right AH starts from the 

superior mesenteric artery (MA) and supplies the right liver, while a middle AH 

supplies the left liver, respectively: this is Michel’s type III. In type IV, which 

represents 1% of cases, the common AH originates from the gastroduodenal 

artery and produces a right and left AH, which supply the right and left liver, 

respectively. In 8% of cases, there is an accessory left AH starting from the LGA 

and this represents type V. In type VI, which occurs in 7% of cases, an accessory 

right AH starting from the superior MA is present. Michel’s type VII is a 

combination of types V and VI, namely there is an accessory right, as well as an 

accessory left AH, starting from the left gastric and superior MA, respectively. The 

type VIII refers to the cases where there is an accessory left AH, starting from the 

LGA and a middle AH which both supply the left liver, while the right liver is 

supplied from the right AH. Types IX and X are rare; in type IX, the common AH 

starts from the superior MA, while in type X it starts from the LGA.19,20  

The segmental vascularisation of the liver also has many variations. Branches 

from both the left and right AH supply SEG 1 of the liver, namely the caudate 

lobe; this is also the case for SEG 4, although there exists much controversy on 

this matter in the literature. Most commonly, the left AH supplies SEGs 2 and 3, 

while the right AH supplies the SEGs 5, 6, 7 and 8.21,22 

The portal system consists of all the veins which drain the blood from the spleen, 

pancreas, gallbladder and nutrient-rich venous blood from the abdominal part of 
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the gastrointestinal track, except for that from the lower part of the rectum. The 

blood is brought to the liver by the PV which, in the liver, branches like an artery 

and terminates in the sinusoids from which the blood is delivered via the VHs to 

the IVC.23-32 

The average length of the PV in adults is 8 cm, its diameter is of between 1 and 

1,5 cm and it is devoid of valves. The splenic and the superior mesenteric veins 

unite behind the neck of the pancreas to form the PV; the latter also receiving 

blood from the inferior mesenteric, gastric and cystic veins. At the hilum, which is 

also called the porta hepatis or transverse fissure, the PV ramifies into two 

branches, right and left, before entering the liver. There are also variations of the 

liver vascularisation; the left branch usually supplies SEGs II, III and IV, while the 

right branch supplies SEGs V and VIII (anterior branch) and VI and VII (posterior 

branch). In the hepatic lobules and SEGs, the PVs are typically found behind the 

AHs and the bile ducts. The branches of these veins pass between the lobules 

and conclude in the sinusoids.23-25 

The sinusoids are small blood vessels, approximately 10 – 15 µm in diameter, 

with a fenestrated endothelium between the rows of the hepatocytes. The 

hepatocytes are separated from the sinusoids by the perisinusoidal space (space 

of Disse), which is filled with plasma. In the sinusoids, oxygen from the AHs and 

nutrients from the intestines, which arrive via the PV, diffuse through the capillary 

walls into the liver cells. At the walls of the sinusoids are located special cells, the 

Kupffer cells (also referred to as Browicz-Kupffer cells or stellate macrophages), 

which are part of the mononuclear phagocyte or reticuloendothelial system and 

whose function is the removal of particulate materials and the destruction of 

microorganisms from the blood, before in enters the circulation. The blood from 

the sinusoids drains into the central veins of the lobules which merge into the 

VHs.26-29 

The VHs are differentiated into two groups, namely the upper and lower groups. 

The upper group, which mostly consists of three veins, arises from the posterior 

part of the liver and drains the quadrate and left lobes. The lower group, which 

consists of a varying number of veins that are usually smaller than the ones of 

the upper group, arises from the caudate and right lobes. The VHs lack valves 
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and drain the deoxygenated, cleaned and detoxified blood from the liver directly 

into the IVC.30,31 

The inferior or posterior vena cava forms by the union of the right and left common 

iliac veins and drains blood from the lower half of the body (below the diaphragm) 

into the right atrium of the heart.32 

In the normal resting situation, 10 - 15% of the total blood volume is in the liver, 

with approximately 60% of that being in the sinusoids. When a haemorrhage 

occurs, the liver adjusts its blood volume and is able to send blood into the 

circulation in order to compensate for a moderate blood loss.33 

 

1.1.4.   Liver’s lymph circulation 

Approximately 25 - 50% of the lymph flowing through the thoracic duct is 

produced in the liver. The lymphatic vessels of the liver are portal, sublobular and 

superficial, also named capsular, according to their location. At least 80% of the 

hepatic lymph flows into the portal lymphatic vessels. Hepatic lymphatic fluid and 

cells from the sinusoids reach the lymphatic vessels through the liver sinusoidal 

endothelial cells into the space of Disse.34-36 

The majority of the lymphatic vessels accompany the blood vessels in the hepatic 

hilum and the lesser omentum and reach the coeliac lymph nodes (LN), which, in 

turn, drain into the thoracic duct, although hepatic lymph can also drain into the 

mediastinal LN. Of clinical importance is the fact that metastases can reach the 

liver from all the organs which are drained by the PV.36,37 

 

1.2.   Liver tumours 

1.2.1.   Benign tumours 

The more common benign tumours of the liver include: 

• Liver or cavernous haemangioma 

• Hepatocellular adenoma (HA) 

• Focal nodular hyperplasia (FNH) 
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• Hepatic cysts 

• Hepatic lipoma 

• Bile duct hamartoma38-40  

 

1.2.1.1.   Liver or cavernous haemangioma 

The cavernous haemangiomas are the commonest benign hepatic tumours, with 

an incidence of 5 – 7%.41 Their etiopathogenesis is unknown; however, female 

hormones might contribute to their development as the prevalence in females is 

4,5 times greater than in men.42,43 They are usually solitary and consist of blood 

vessels’ masses that are aberrant and uneven in size and pattern.44 The 

haemangiomas of the liver are usually small and asymptomatic, typically being 

incidental findings when the liver is imaged or examined for other reasons, 

although larger haemangiomas may produce symptoms.43  

Goodman reported that only 40% of haemangiomas measuring 4cm in diameter 

are symptomatic, whereas 90% of 10 cm diameter haemangiomas produce 

symptoms.45 The spontaneous rupture of a haemangioma is a very rare 

occurrence and until now has been described only for haemangiomas of very 

large dimensions (giant haemangiomas); however, this rupture does have a high 

mortality rate of 36 - 69% of the patients.46,47 

The diagnosis of the haemangiomas is a challenging task for the radiologist as 

they resemble other hypervascular hepatic lesions, which can be both benign or 

malignant in nature, such as focal nodular hyperplasia, hepatocellular adenoma 

or hepatocellular carcinoma and metastasic tumours of the liver.40 

On non-enhanced CT scans they appear hypoattenuating in contrast to the 

surrounding hepatic parenchyma and calcifications are not common. In enhanced 

CT scans, it is typical to observe a nodular, discontinuous, peripheral 

enhancement during the arterial phase (AP) and a progressive peripheral 

enhancement with a centralising fill-in during the portal venous phase (PVP).48 
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1.2.1.2.   Hepatocellular adenoma (HA) 

Hepatocellular adenomas, also referred to as hepatic or liver cell adenomas, are 

rare benign tumours of the liver. It has been suggested that they are associated 

with glycogen storage disease, as well as the use of oral contraceptive pills and 

steroids, although the main cause is the former. The complication of the tumour 

can be acute haemorrhage into the peritoneum, which in 25 - 30% of the cases 

with large tumours can be lethal. The risk of malignant transformation is yet to be 

clarified.49-51  

In the late AP of CTs, the majority of adenomas present as lesions with 

homogeneous enhancement, which usually remain isodense in later stages in 

comparison to the liver, a characteristic which helps the radiologist to distinguish 

them from haemangiomas and small HCCs. Adenomas usually have sharp, 

defined margins, sometimes demonstrating a pseudocapsule of lower attenuation 

and they are not lobulated. Haemorrhage within the lesions can also be observed 

and it appears as an area of high attenuation. Calcifications can also exist in one 

third of cases.52 

 

1.2.1.3.   Focal nodular hyperplasia (FNH) 

The FNH is the second commonest hepatic benign tumour and is typically 

encountered in young adult females.53,54 FNH is a, mostly, asymptomatic 

hyperplastic process and has no malignant potential. In most cases it is found 

incidentally on imaging. In 20% of cases the patients feel pain in the right upper 

abdomen. In contrast to hepatic adenomas, spontaneous rupture and 

haemoperitoneum are not common for FNH.55,56  

FNH displays three characteristic features: aberrant nodular architecture, vessel 

malformation and cholangiolar proliferation. FNH is divided into two histologic 

types: the classic, in which all three characteristic features of FNH are present, 

representing 80% of the cases and the non-classic, in which two characteristics 

are present, representing the remaining 20%. The non-classic type of FNH is 

further subdivided into three variants: the telangiectatic, the mixed hyperplastic 

and adenomatous variant and the variant with cytologic atypia.57  
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FNH usually appears iso- or hypoattenuating on non-enhanced CT scans, with 

the exception of cases involving fatty liver, where the lesions may appear 

hyperattenuating in contrast to the surrounding tissue. A central scar is often 

present and this appears hypoattenuating. In the AP, the lesion becomes 

hyperattenuating with the exception of the scar, when present, which remains 

hypoattenuating, although it can show enhancement in the delayed scans, in 

which the lesion is usually isoattenuating.58 

 

1.2.1.4.   Hepatic cysts 

The hepatic cystic lesions include, among others, simple and multiple cysts 

(polycystic liver disease). The other types of liver cysts are beyond the purpose 

of this study and, therefore, will not be discussed further.59 

Hepatic cysts rarely produce symptoms (only 10-15% of the cases). The 

symptoms can include pain and swelling of the upper abdomen. It is estimated 

that they are present in 5% of the population and, while their pathogenesis is not 

known, they are considered to be congenital.60 Treatment is indicated only when 

symptoms are present. The therapy of choice is the laparoscopic deroofing for 

non-infected cysts or percutaneous drainage for cysts when they are infected.59 

Hepatic cysts appear hypoattenuating with sharp borders on the CT and they do 

not enhance after contrast medium intravenous application.61 

 

1.2.1.5.   Hepatic lipoma 

Hepatic lipomas are uncommon, asymptomatic and are usually found 

accidentally. They represent benign tumours with a good prognosis. Hepatic 

lipomas are divided in pure lipomas, which are round in shape and surrounded 

by the hepatic parenchyma and pseudolipomas or capsular lipomas, which 

originate from the Glisson’s capsule.  Hepatic lipomas consist of mature 

adipocytes in the hepatic parenchyma with peripheral blood vessels. Their 

imaging appearance on the ultrasonography, CT and MRI is characteristic and, 

thus, unnecessary surgical procedures can be avoided.62-64 
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On CT scan, hepatic lipomas present as homogeneous lesions, isodense to fat 

tissue.65 

 

1.2.1.6.   Hepatic leiomyoma 

Leiomyomas are smooth muscle tumours, which originate primarily from the 

intestinal muscularis or blood vessels’ tunica media and are common in the 

gastrointestinal and genitourinary tracts. Primary hepatic leiomyomas are 

extremely uncommon66. A histological clarification, by means of excision biopsy, 

of these lesions is necessary in order to exclude malignancy and it is, 

simultaneously, the therapy of choice.67,68 

Hepatic leiomyomas display on the CT a bright peripheral enhancement in the 

AP and a constant uniform attenuation in the PVP and delayed phases.69 

 

1.2.2.   Malignant tumours 

The most common types are: 

• Hepatocellular carcinoma (HCC) 

• Fibrolamellar carcinoma (FLC) 

• Cholangiocarcinoma (CCC) 

• Metastatic tumours 

• Tumours of blood vessels in the liver70 

 

1.2.2.1.   Hepatocellular carcinoma (HCC) 

The HCC, also known as malignant hepatoma and primary liver cell carcinoma, 

represents the commonest hepatic primary malignant tumour, accounting for 

approximately 85 - 90% of primary liver cancers.71,72 It is the fifth most frequent 

malignant disease, its incidence constantly increasing, and its mortality in 

developed countries ranks third among all malignancies, after lung and colon 

cancer.73-75 There is a strong correlation between hepatic cirrhosis, as well as 
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Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV) infections and the 

development of HCC.76-82  

The malignant cells are similar to normal hepatocytes in appearance as well as 

histologic pattern (trabecular, pseudoglandular, compact and undifferentiated). 

The growth patterns of HCC are three: large solitary masses (focal) exist in 50% 

of the total cases, nodular HCC (multifocal) in about 40% and diffuse infiltration 

(infiltrative)  occurs in about 10% of cases. In one-third of cases occurs PV 

invasion.54  

 

1.2.2.1.1.   Epidemiology of HCC 

There are two main patterns regarding the epidemiology of HCC: one in Western 

Europe and North America (the so-called Western countries) and another in 

central and Southeast Asia, as well as sub-Saharan Africa and the Amazon basin; 

the disease being more common in the non-Western countries. The rising 

incidence of HCC, however, is common for all countries.75-85 Males are affected 

more than females. The age of the patients also varies in different parts of the 

world.78-80 For the Western countries, its prevalence increases with increasing 

age, whereas in Africa and Southeast Asia, there is a shift towards younger age 

groups.80 These epidemiological differences and variability are, in part, due to the 

various risk factors found in the different countries. Infection with HBV or HCV 

around or at the time of birth, for example, predisposes a person to earlier 

malignancies than if infected later. In sub-Saharan Africa and Southeastern Asia, 

HCC is the commonest malignant disease. Half of the worldwide annual deaths 

due to HCC occur in China, where HBV infection is present in 90% of the total 

HCC cases, whereas in Japan, chronic HCV infection is present in the same 

percentage (90%) of the total HCC cases.78,82,86 In Germany, it represents the 

seventh to eighth most frequent malignant disease but has the highest increase 

of incidence.81    
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1.2.2.1.2.   Pathogenesis of HCC 

The pathogenesis of HCC is a multifactorial, multistage, complex process. Viral, 

environmental, habitual and hereditary factors are involved in its development. 

HCC occurs in almost 80% of the total cases on the base of a cirrhotic liver, 

mostly due to chronic HBV and HCV infections, long-term alcoholism and non-

alcoholic steatohepatitis (NASH).87,88 The leading cause of HCC worldwide is 

HBV infection, with the highest prevalence in China and Africa.89-91 Alcohol can 

indirectly lead to liver cancer, as it represents the predominant cause of hepatic 

cirrhosis, mainly in the Western countries.92  Infection of food with Aspergillus 

flavus or Aspergillus fumigatus (for example in grain products stored for long 

periods in wet environments), which results in the production of aflatoxin, can 

also induce HCC, especially in areas where fungal contamination of food 

happens often, such as in tropical areas.89,90 Acute and chronic hepatic 

porphyrias and tyrosinemia type I also pose as risk factors for HCC.93-95  

 

1.2.2.1.3.   Demonstration of HCC on CT 

HCC can have a variety of appearances on CT according to the growth pattern. 

Focal HCC presents as a large mass, which might include fat, necrosis and 

calcifications. Multifocal HCC presents as multiple masses with 

nonhomogeneous attenuation, with or without necrosis. Diffuse HCC resembles 

cirrhosis and its detection is usually challenging.96,97 

For the identification of HCC, the enhancement pattern is critical. Since its main 

blood supply comes from AH branches, it typically demonstrates an early AP 

enhancement with a subsequent, rapid wash-out, becoming isoattenuating or 

hypoattenuating in the PVP. However, 10% of the HCCs present as hypovascular 

lesions.48,52,98 

Invasion of vessels, mainly the PV, the VHs and the IVC, can often be seen. PV 

tumor thrombi can also be present and they show enhancement.96,97 
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1.2.2.1.4.   Treatment and Prognosis of HCC 

Treatment options in the management of HCC include surgical, locoregional, 

radiation, systemic treatment or a combination of the above. The decision of 

choosing the optimum treatment and its prognosis depend on a variety of factors, 

the most important being the tumour size, grade and staging. Early diagnosis and 

treatment of HCC improve the prognosis essentially; however, it is typically 

diagnosed at later stages, since it is usually asymptomatic in the early stages. 

HCC patients should be carefully evaluated in order for the optimal treatment 

option to be chosen, but the presence of underlying liver disease makes this task 

even more difficult.99  

 

1.2.2.1.4.1.   Surgical treatment options 

1.2.2.1.4.1.1.   Hepatectomy  

Resection represents the gold standard in the therapy of early stage small 

tumours with good liver function100-103. The outcome of a partial hepatectomy for 

carefully selected patients is very promising and, due to the improvement of 

surgical methods and the optimising of staging systems in the last decades, the 

patients’ 5-year survival rates after curative resection is approximately 50 - 

70%.104-108 

In the last few decades, perioperative mortality has decreased dramatically and 

some centres even claim to have no cases of deaths due to surgical 

complications of hepatectomy.100,109 

The ideal candidates are patients with early-stage small HCCs, but there have 

also been good results after surgical resection reported for patients with more 

advanced stages.110-112  

Contraindications for partial hepatectomy are the presence of multiple or bilobar 

tumours, the existence of extrahepatic metastases, main bile duct involvement 

and thrombosis of the main PV or the vena cava.113 
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Factors that influence the prognosis after hepatic resection are the tumour’s size, 

the existence of tumour nodules, the remnant liver volume, the residual hepatic 

function and the presence of portal hypertension.105,114-117 

The tumour’s complete resection is of great importance to decrease the chances 

of recurrence, however, it is at the same time vital that not too much liver tissue 

is removed, as this could lead to liver failure.118 Nevertheless, the resection of up 

to 70 - 75% of a non-cirrhotic and 50% of a cirrhotic liver is possible, without 

resulting in liver failure, as the liver has the unique ability to regenerate and regain 

its mass and functions following resection or destruction.5,119,120 

When the estimated mass of the liver after the resection is less than these values, 

there is evidence that preoperative PV embolisation (PVE) is of advantage.121 It 

has also been shown that preoperative PVE decreases the postsurgical 

complications in cirrhotic patients, but it has not been proved to be an advantage 

for non-cirrhotic patients.122 

The main reason of death within the first five years after HCC resection is 

recurrence of the tumour or a de-novo tumour growth, mainly on the base of 

cirrhosis; cirrhosis playing a significant role in the recurrence of HCC.12-126  

Vascular infiltration and intrahepatic spread of the resected HCC, as well as 

chronic persistent hepatitis and HCV infection are usually to blame for the early 

(within the first 24 months after resection) recurrence of the cancer, while 

precancerous lesions in the liver that remain after the resection are considered 

to be responsible for later (more than 24 months after resection) recurrences. The 

early recurrences have generally a worse prognosis than the late 

recurrencies.126,127  

Renewed resection and radiofrequency ablation (RFA) are potential therapy 

options for a recurrence, although the 5-year survival rates following these 

treatments are not high, namely about 35,2% and 29,1% respectively.128 A further 

treatment possibility for strictly selected patients with a recurrence, who also meet 

the Milan criteria, is salvage liver transplantation.129 For this treatment option, the 

5-year survival rate is about 70%.130 
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Adjuvant therapies to prevent recurrence, such as the use of interferon, 

chemotherapy, chemoembolisation, radiation, retinoids, vitamin K and 

immunotherapies, have also been suggested, but, up to the present time, 

research for all these suggested methods have had either negative or 

contradictive results, or no statistical significance, thus, they are not 

recommended.131-141 

 

1.2.2.1.4.1.2.   Liver transplantation 

Regarding patients with underlying hepatic disease and simultaneous early 

resectable HCC, liver transplantation has proved to provide better disease-free 

survival and, at the same time, subsiding of the underlying disease. Although 

HCC might reoccur in the transplanted liver, it still represents the best therapeutic 

option for these patients.142 The one-year survival following liver transplantation 

for all indications is about 85%, the ten-year survival is 61% and the twenty-year 

survival is 43%.143 The various etiologies of HCC affect the host liver differently 

and this influences the treatment responses and outcomes.99 

Indications for liver transplantation are end-stage liver disease, primary liver 

tumours with the main representative being the HCC, cholestatic disease and 

acute liver failure. The most frequent transplantation indication is decompensated 

cirrhosis, due to viral infection mainly by HCV and HBV or alcohol abuse. 

Metastatic or benign tumours and other liver diseases represent a very small 

percentage of the indications for transplantation.143,144 

Due to the lack of adequate donor organs, the candidates for transplantation must 

be chosen very carefully in order to be given to the patients who will benefit the 

most. The Milan criteria are a set of criteria which have been developed to 

address this problem and to assess the suitability of the patients for 

transplantation.145,146 
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1.2.2.1.4.1.2.1   Milan criteria for liver transplantation 

The Milan criteria are a set of characteristics to evaluate whether patients with 

HCC and cirrhosis are suitable for liver transplantation. They were first introduced 

in 1996 by Mazzaferro et al., who proved that setting specific, strict standards for 

the selection of liver transplantation candidates, had, as a result, improved the 

overall and disease-free, four-year survival following transplantation, without any 

further anticancer treatment. The name of the criteria originated from the fact that 

the patients were treated at the “Division of Gastrointestinal Surgery of the 

National Cancer Institute” in Milan, Italy. 

In order for a patient to be considered as suitable, all following criteria shall be 

met: 

• - one lesion smaller than five cm or  

  - up to three lesions, each smaller than three cm 

• absence of extrahepatic manifestations 

• absence of gross vascular invasion evidence145 

Additional criteria, such as advanced hepatic disease, may also affect 

transplantation suitability; thus, prognostic models for chronic liver disease are 

used for the evaluation.146-150 

 

1.2.2.1.4.2.   Locoregional treatment options 

Other less invasive treatment alternatives are also used, mainly in cases where 

a surgical procedure is not possible, is too risky or the patient lacks eligibility. 

Locoregional transarterial therapies, such as local ablation, embolisation, 

chemoembolisation, transcatheter therapies and combinations of these, have 

been intensively forced in the last decades and, although up to now they have 

often only palliative or neoadjuvant character, they do show promising results, 

provided that there is a careful selection of cases. However, more scientific proof 

is required, as well as the development of standard protocols for these 

therapies.151-153  
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1.2.2.1.4.2.1.   Local ablation  

Local ablation therapies are guided procedures that use chemical methods, 

thermal energy or a combination of both in order to destroy the tumour tissues 

locally. This treatment category includes the following treatment 

modalities:103,154,155  

• In Percutaneous Ethanol Injection (PEI), alcohol is injected into the 

tumour causing its coagulative necrosis. PEI is an inexpensive and well-

tolerated procedure from the patient’s perspective, with few side 

effects103,156. According to a study, the five-, ten- and twenty-year survival 

rates for cases with up to three tumours less than 3 cm in diameter and 

with a Child-Pugh score of A or B, were 49.0%, 17.9% and 7.2%, 

respectively.157  

• Percutaneous radiofrequency ablation (RFA) has been used in the 

treatment of small, unresectable hepatocellular carcinomas. Its 

combination with locally delivered chemotherapeutic substances is also 

suggested for tumours greater than 3 cm and as neoadjuvant therapy to 

delay the progression of the disease until the orthotopic liver 

transplantation takes place158. A study reported that the five-year survival 

rate for patients with HCC after RFA treatment was 60,2% and the ten-

year survival rate 27,3%, while RFA is a safe procedure.159 

• Microwave ablation has the advantage that the vascularisation near the 

tumour affects it less compared to radiofrequency ablation. However, the 

few existing studies have shown controversial results regarding its 

superiority; thus, more research needs to be conducted.151,160  

• Cryoblastation, laser ablation, high-intensity focussed ultrasound 

ablation and irreversible electroporation are relatively new techniques 

and there is, up to now, limited research and not enough scientific 

information on their roles in the treatment of HCC.103  
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1.2.2.1.4.2.2.   Transarterial (chemo)embolisation 

Bland transarterial embolisation (TAE) causes coagulative tumour necrosis by 

blocking the blood flow to the tumour using embolic agents; these are usually 

lipiodol and polyvinyl alcohol particles. The survival rates of the combined 

treatment of TAE and ablation are similar to the survival rates of 

hepatectomy.161,162 

Conventional transarterial chemoembolisation (cTACE) is the mainstay 

treatment for patients with multinodular asymptomatic HCC in the stage B of the 

Barcelona staging system (BCLC), without vascular invasion and metastases, as 

well as for hepatic metastases from other primaries. It has also been used as 

neoadjuvant and palliative treatment. In addition to the effect of the embolisation 

by means of various embolic agents and the subsequent tumour necrosis, as also 

happens in the bland TAE, there is a chemotherapeutic effect from the 

chemotheurapetic agents which are simultaneously selectively or 

superselectively administered and act locally, thus, sparing the healthy 

liver.103,161,163,164-172  

Transarterial chemoembolisation with chemotherapeutically loaded beads 

(DEB-TACE) uses microspheres loaded with chemotheurapetics, mainly 

Doxorubicin. This has the same indications as cTACE and has shown 

comparable therapeutic results to cTACE but with fewer adverse effects and also 

has a better pharmacokinetic profile; the drug release is sustained and occurs 

under certain ionic conditions.161,173-177 

Selective internal radiation therapy (SIRT), also termed radioembolisation, 

involves the administration of radioactive substances, such as Yttrium-90 or 

Iodine-131, to the tumour through an arterial catheter. It is indicated for patients 

with HCC in stage B of the BCLC staging system. SIRT has few adverse effects 

and has shown positive results; however, it is relatively expensive and 

laborious.103,161,178-180 
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1.2.2.1.4.2.3.   Molecular targeted therapies 

Sorafenib tosylate (Nexavar) is an oral multikinase inhibitor directed, among 

others, against the rapidly accelerated fibrosarcoma (RAF) kinase, vascular 

endothelial growth factor receptor 2 (VEGFR2), platelet-derived growth factor 

receptor (PDGFR), Ret, fms-like tyrosine kinase 3 (FLT3) and c-Kit. It represents 

the first systemic therapeutic approach of HCC that has shown positive results 

and is indicated for patients with good hepatic function and advanced 

tumours.103,181 

A great number of other molecular agents are currently being tested.103 

 

1.2.2.1.4.3.   Other therapeutic attempts 

Chemotherapy and radiation have also been used in the treatment of HCC but 

with suboptimal results.103 

 

1.2.2.1.5.   Prognostic models for chronic liver disease 

1.2.2.1.5.1.   Child-Pugh or Child-Turcotte-Pugh score 

The Child-(Turcotte-) Pugh scoring system was introduced by Dr. Child and Dr. 

Turcotte in 1964 and was modified by Pugh and his colleagues in 1972 (Table 2). 

Pugh substituted the criterion of prothrombin time or INR for nutritional status and 

appointed scoring points of 1 to 3 to each laboratory value, namely total serum 

bilirubin, albumin, prothrombin time, ascites and hepatic encephalopathy.182-184 
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Table 2: Child-Pugh scoring systema 

Clinical and 

biochemical 

measurements 

Points scored for increasing abnormality 

1 2 3 

Encephalopathy 

(according to the 

grading of Trey, 

Burns and 

Saunders184)  

None Grade 1 and 2 Grade 3 and 4 

Ascites Absent Slight At least moderate 

Total serum 

bilirubin (mg/dl) 
1 - 2 2 - 3 > 3 

Total serum 

bilirubin (mg/dl) for 

primary biliary 

cirrhosis 

1 - 4 4 - 10 > 10 

Serum albumin 

(g/dl) 
> 3,5 2,8 - 3,5 < 2,8 

Prothrombin time 

(sec. prolonged) 
1 - 4 4 - 6 > 6 

a) Adapted from Pugh et al.184 

 

According to the score resulting from adding the points, chronic hepatic disease 

is categorized into Child-Pugh classes A to C (Table 3).182,184 
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Table 3. Child-Pugh classes and operative riska 

Points Class Operative risk 

5-6 A Good 

7-9 B Moderate 

10-15 C Poor 

a) Modified from Cholongitas and Pugh182,184 

 

 

1.2.2.1.5.2.   MELD (Model for End-stage Liver Disease) score 

The Model for End-stage Liver Disease (MELD) score is used to evaluate chronic 

hepatic disease severity. It incorporates laboratory values for serum creatinine, 

bilirubin and INR in order to predict the three-month mortality of patients, mainly 

with cirrhosis. For these patients, the increase of the MELD score represents a 

deterioration of the hepatic function and reduced three-month survival.185-187  

The MELD score is calculated with the following formula:  

 

MELD = 9,57 [loge serum creatinine (mg/dl)] + 3,78 [loge serum bilirubin (mg/dl)] 

+ 11,2 [loge INR] + 6,43188  

 

and according to the score the three-month mortality for hospitalized patients is: 

• ≥ 40: 71,3% mortality 

• 30 - 39: 52,6% mortality 

• 20 - 29: 19,6% mortality 

• 10 - 19: 6,0% mortality 

• < 9 - 1,9%: mortality187,188 
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1.2.2.1.5.2.1.   Modifications of the MELD Score 

In order to overcome some of the MELD score’s weaknesses (such as the fact 

that MELD predicts short-term survival even though the liver transplantation 

candidates must often wait for a long time on the transplantation list and the fact 

that it does not take into account other serious conditions of the patients, such as 

renal failure, cholestasis, persistent ascites or hyponatremia), some modifications 

of the MELD score have been suggested. These modifications include: 

• the MELD-sodium (MELD-Na) score, which integrates the serum sodium 

levels into the formula 

• the MELD to serum sodium ratio (MESO), which also takes into account 

the serum sodium levels 

• the Integrated MELD score, which incorporates the serum sodium levels 

and the age of the patients to the formula  

• the United Kingdom MELD (UKELD) score, which includes the serum 

sodium, creatinine, bilirubin levels and INR.150, 189-192 

The MELD-Na and integrated MELD scores are proven to be the best prognostic 

models to predict the drop-out rates of candidates for liver transplantation and, 

thus, to evaluate patients with decompensated cirrhosis as suitable candidates. 

However, a study suggests that the UKELD prognostic model is superior to the 

MELD-Na.189,192 

 

1.2.2.1.6.   Hepatocellular carcinoma staging 

The staging of HCC is of utmost importance because it determines the prognosis 

and the most suitable treatment option. Due to its biological heterogeneity, the 

staging of HCC is complicated and every staging system has its drawbacks. For 

this reason, apart from the most common TNM classification system, several 

other staging systems have been introduced internationally in the last decades.193  
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1.2.2.1.6.1.   TNM staging system 

The TNM (Tumour/ Node/ Metastasis) staging system provides information only 

on the tumour characteristics and was introduced by the American Joint 

Committee on Cancer (AJCC). The following tables (Tables 4 and 5) demonstrate 

the revised edition as published in the 8th Edition of the AJCC Cancer Staging 

Manual in 2017.194 

 

 

Table 4. TNM classification of HCCa 

Primary tumour (T) 

TX Assessment of primary tumour is not posible 

T0 There is no primary tumour evidence 

T1 Single tumour < 2 cm or ≥  2 cm, absence of vascular invasion 

T1a Single tumour < 2 cm 

T1b Single tumour ≥ 2 cm, absence of vascular invasion 

T2 
Single tumour ≥ 2 cm, presence of vascular invasion or  

multiple tumours < 5 cm 

T3 Multiple tumours, at least one ≥ 5 cm 

T4 

Tumours of any size, which involve a major branch of the hepatic or PV 

or  

tumours with invasion of adjoining organs (except from the gallbladder) 

or with visceral peritoneum perforation 

Regional lymph nodes (N) 

NX Assessment of regional LN is not possible 

N0 Absence of regional LN metastasis 

N1 Presence of regional LN metastasis 

Distant metastasis (M) 

M0 Absence of distant metastasis 

M1 Presence of distant metastasis 

a) Adapted from the 8th Edition of the AJCC Cancer Staging Manual194 

 



39 
 

Table 5. Staging of HCC according to TNM classificationa  

Stage T N M 

IA T1a N0 M0 

IB T1b N0 M0 

II T2 N0 M0 

IIIa T3 N0 M0 

IIIB T4 N0 M0 

IVA Any T N1 M0 

IVB Any T Any N M1 

a) Reproduced from the 8th Edition of the AJCC Cancer Staging Manual194 

  

 

1.2.2.1.6.2. Barcelona-Clinic Liver Cancer (BCLC) staging 

system 

The BCLC staging system was introduced by Llovet and his team in 1999 and 

was modified by the same author in 2008. It classifies HCC into five stages, 

namely very early, early, intermediate, advanced and end-stage, depending on 

the number and size of the tumours, the extent and spreading of the disease, the 

liver function, the ECOG performance status and the Child-Pugh score, although 

the latter is now considered obsolete. The BCLC staging system is also the sole 

system that proposes evidence-based treatment options for each stage (Figure 

2). Survival times with the suggested treatments according to the stages, are 

estimated for the very early stage (0) and early stage (A) to be over 5 years, for 

the intermediate stage (B) to be over 2,5 years, for the advanced stage to be over 

1 year and for the terminal stage to be 3 months.195-198 
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HCC 

 

Very early stage (0) 

 

Single lesion ≤ 2 cm, 

preserved liver functon, 

ECOG PS 0, Child-Pugh A

Potential 
candidate for liver 

transplantation

No

Ablation

Yes

Portal pressure/ 
Bilirubin

Normal

Resection

Increased

Associated 
disease

No

Transplantation

Yes

Ablation
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Early stage (A) 

               

 

 

 

 

Single lesion or 

1-3 nodules ≤ 3 cm,

preserved liver function,

ECOG 0, 

Child-Pugh A or B

Solitary

Portal pressure/ 
Bilirubin

Normal

Resection

Increased

Associated 
disease

No

Transplantation

Yes

Ablation

1-3 nodules ≤ 3 
cm

Associated 
disease

No

Transplantation

Yes

Ablation  
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Intermediate stage (B) 

 

 

 

 

Advanced stage (C) 

 

 

      

                                             

 

Multinodular, 

preserved liver function, 

ECOG 0, Child-Pugh A or B

Chemoembolisation

Portal invasion, extrahepatic spread, 

preserved liver function, 

ECOG 1-2, Child-Pugh A or B

Systemic therapy
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End stage (D) 

 

Figure 2. BCLC Staging System: Treatment Algorithm. Adapted from Llovet et al.195  

 

1.2.2.1.6.3.   Okuda staging system 

The Okuda staging system provides information on tumour characteristics, as 

well as liver function and includes four criteria and three stages.199 

 

1.2.2.1.6.3.1.   Okuda system´s criteria 

• disease involving > 50% of hepatic parenchyma 

• ascites 

• serum albumin ≤ 3 mg/dL 

• serum bilirubin ≥ 3 mg/dL 

 

1.2.2.1.6.3.2.   Okuda system´s stages 

•     stage I: 0 criteria 

•     stage II: 1 - 2 criteria 

•     stage III: 3 - 4 criteria 

End stage liver function, 

ECOG 3-4, Child-Pugh C

Palliative, best supportive care 
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1.2.2.1.6.4.   Other staging systems 

The CLIP (Cancer of Liver Italian Program) scoring system involves the Child-

Pugh stage, the morphology of the tumour, the serum AFP and the existence of 

PV thrombosis.200 

The JIS (Japan Integrated Staging) system takes into account the TNM staging 

system and the Child-Pugh score.201 In order for the system to be optimised, other 

researchers have proposed the incorporation of biomarkers, as well as 

modifications to the system.202-204 

The CUPI (Chinese University Prognostic Index) was developed based on a 

Chinese population with mainly HBV-associated HCC. The CUPI is based on the 

TNM staging system but incorporates more clinical parameters, namely the total 

serum bilirubin, serum alkaline phosphatase, α-fetoprotein, the presence of 

ascites and the absence of symptoms on presentation. Every parameter has a 

minus or plus weighting and, according to the score which results from adding 

these weightings, the patients are categorised into three groups: low risk, 

intermediate and high risk groups with respect to three months’ survival.205 

The French classification or GRETCH (GRoupe d'Etude et de Traitement du 

Carcinoma Hépatocellulaire) system includes four stages and takes into 

account the Karnofsky Performance Scale Index, liver function (serum bilirubin 

and alkaline phosphatase), serum α-fetoprotein and the presence of portal 

obstruction detected by sonography.206 

 

1.2.2.1.6.5.   Comparison of parameters used in the most 

common HCC staging systems 

The following table (Table 6) illustrates the most common HCC staging systems 

and the parameters that each involves.206 
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Table 6. Comparison of parameters used in the most common HCC staging systemsa 

 

 

1.2.2.1.7.   Performance indexes 

Performance indexes estimate how a disease influences a patient’s daily 

activities and living abilities and they are, among others, used as criteria in 

staging systems. The Eastern Cooperative Oncology Group (ECOG) 

performance status is incorporated into the BCLC staging system and the 

Karnofsky Performance Scale Index into the GRETCH system. 

The table below (Table 7) describes the scoring for both indexes and their 

comparison.207,208 

 

 

 

 

 

SYSTEM S N M Asc EPS KPS CPS Alb Bili  αFP ALP PVT P 

TNM  x  x   x           

BCLC  x  x  x  x  x   x x 

Okuda x   x    x x     

CLIP x      x   x  x  

JIS x x x    x       

CUPI x x x x     x x x   

GRETCH      x   x x x x x 

S: Size, N: Node, M: Metastasis, Asc: Ascites, EPS: ECOG Performance Status,  

KPS: Karnofsky Performance Scale Index, CPS: Child - Pugh Score,  

Alb: Albumin, Bili: Bilirubin, αFP: α-Fetoprotein, ALP: alkaline phosphatase,  

PVT: PV thrombosis, P: Performance  

a) Adapted from Subramaniam et al.206 
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Table 7. Scoring and comparison of Performance indexesa 

ECOG PERFORMANCE STATUS 
KARNOFSKY PERFORMANCE 

SCALE INDEX 

Score Description Score Description 

0 

Fully healed, no evidence of 

disease, no restrictions of 

activity. 

100 Healthy, no symptoms 

90 
No restrictions of activity, trivial 

complaints 

1 

Physical constraint in 

vigorous activities but 

ambulant and capable of 

light work  

80 
Mild complaints and restrictions 

of activity 

70 
Capable of personal care and 

sedentary work 

2 

Ambulant most of the day, 

capable of personal care 

but impaired to work  

60 Mostly capable of personal care  

50 
Needs regular medical aid and 

support for daily activities 

3 
Immobile most of the day, 

disability of personal care  

40 Impaired, needs nursing care 

30 Need to be hospitalised 

4 Immobile and impaired 

20 
Need for supportive care in 

hospital 

10 Death imminent 

5 Deceased 0 Deceased 

a) Modified from Oken et al.207 
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1.2.2.2.   Fibrolamellar Carcinoma (FLC) 

The fibrolamellar carcinoma was originally considered to be a histologic variant 

of the HCC209, but its relatively good prognosis (the one-year survival-rate being 

73% and the five-year being 32%), the young age of onset (with a median age of 

33 years) and the fact that the pathogenesis of FLC is not related to viral infection, 

hepatic inflammation, cirrhosis or fibrosis, have led to its acknowledgement as 

being a distinct clinical entity.210-213 Its etiology is not yet clarified, but there is 

suspicion that it is associated with gene mutations.214,215 The treatment options 

for FLC are surgical resection or transplantation. Trans-arterial chemo-

embolisation (TACE) is applied to patients not eligible for resection or 

transplantation.216,217 

On CT scans, fibrolamellar carcinomas are usually single tumours with a central 

scar and resemble FNH. Small calcifications can also be present. They 

demonstrate mostly arterial enhancement, which is prolonged at the central 

scar.218 

 

1.2.2.3.   Cholangiocarcinoma (CCC) 

Cholangiocarcinoma is a rare adenocarcinoma, originating from the biliary tract’s 

epithelial cells. It may occur at any site along the intrahepatic or extrahepatic 

(perihilar, occurring at the bifurcation of the right and left hepatic ducts, or distal 

extrahepatic) biliary trees. Perihilar cholangiocarcinomas, also called Klatskin 

tumours, are the most common, while intrahepatic are the least common.219,220  

Its reported annual incidence in Western countries is one to two cases per 

100000 patients,221,222 but its incidence is constantly rising globally.223,224 The 

exact pathogenesis of cholangiocarcinoma is unknown, but it usually occurs 

following primary sclerosing cholangitis (PSC). Most patients are older than 65 

years old and they typically present at advanced stages. For this reason, even 

with aggressive therapy, the cure rates are low. The treatment options include 

hepatic resection and transplantation. Adjuvant therapies, such as 

chemotherapy, radiation and chemoradiation have essentially not improved the 

survival of the patients.  Palliative measures, such as biliary drainage and 
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photodynamic therapy, are also used in order to increase the quality of life, 

reduce the symptoms and to extend the survival of the patient.225 The majority of 

patients with untreated disease die in less than 12 months following diagnosis; 

the death cause usually being hepatic failure or complications due to infection, 

caused by the biliary obstruction.226  

The appearance of cholangiocarcinoma on CT varies according to the growth 

pattern.  Mass-forming cholangiocarcinoma demonstrates a slight peripheral 

enhancement at the borders, which gradually moves towards the centre. 

Dilatation of the distal bile ducts is usually present. Periductal infiltrating 

cholangiocarcinoma, which typically develops at the hilum of the liver, 

demonstrates either as a thickening of the bile duct wall or condensation of the 

parenchyma surrounding the bile duct. A bile duct ectasia is commonly present. 

Intraductal cholangiocarcinoma generally demonstrates as a bile duct dilatation 

with or without the presence of a mass.227  

 

1.2.2.4.   Metastatic tumours in the liver 

In Western countries, where hepatitis is not endemic, the majority of the 

malignant hepatic cancers are metastatic tumours, representing 91% of the 

hepatic malignant tumours. The primary tumours are bronchopneumonal in 27% 

of cases, colorectal in 15%, pancreatic in 10%, breast in 9% and gastric in 8% of 

cases, as well as melanomas, adrenal and oesophageal tumour types.216  

Metastatic tumours in the early stages are usually asymptomatic, but later various 

symptoms can arise, including abdominal pain, fever, nausea, confusion and 

jaundice. They can be diagnosed with various tests which will be discussed later. 

They are mostly hypovascular and often have at their periphery a hypervascular 

border, known as edge enhancement.228  

The primary cancer site, the number of tumours, the spread of metastatic tumours 

to other organs and the patient’s general health condition determine the treatment 

decision. In most cases, chemotherapy is used and sometimes also radiotherapy. 

If the tumours are few and localised, resection is considered, whereas when 

larger areas are involved, embolisation with injection of chemotherapeutics 
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directly into the liver can be applied.229 Transplantation has also been proposed 

as a therapeutic alternative, but only under strict criteria.230-232 

Liver metastases can be hyper- or hypovascular. The majority of them are 

hypovascular and demonstrate a hypoenhancement on the CT at the AP, 

however other metastases from certain primaries, such as primary thyroid 

carcinoma, mamma carcinoma, renal cell carcinoma, melanoma, neuroendocrine 

tumours, leiomyosarkoma and choriocarcinoma, are hypervascular and show a 

hyperenhancement at the AP on the CT which gradually fades out in the delayed 

phase.98  

 

1.2.2.5.   Tumours of blood vessels of the liver  

Tumours of blood vessels of the liver occur rarely. They are very aggressive, 

spread quickly and by the time of diagnosis, it is usually too late for a successful 

therapy. These tumours are usually very difficult to treat.233, 234 

 

1.2.2.5.1.   Angiosarcoma 

Angiosarcomas of the liver are rare, malignant, fatal tumours, that can develop 

from either the endothelium of the blood vessels (haemangiosarcomas) or lymph 

vessels (lymphangiosarcomas) in the liver. They are associated with chronic 

haemochromatosis, exposure to radiation, arsenic-containing insecticides, 

Thorotrast (a former radioactive contrast agent) and vinyl chloride monomer 

(VCM). Its prognosis is very poor, with only 3% of cases surviving more than two 

years.233 

On the CT, they present either as multiple or single hypoattenuating masses with 

hyperattenuation at the presence of hemorrhage and they usually show nodular 

enhancement.235 

 

1.2.2.5.2.   Hemangioendothelioma (EHE) 

Hemangioendotheliomas are tumours of vascular origin that occur very rarely, 

show subcapsular distribution and whose pathogenesis is not yet clarified.234 
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Three types of EHE have been identified and its appearance on CT depends on 

its type. The solitary and multifocal nodular types are hypoattenuating and 

demonstrate sharp margins. The peripheral enhancement gradually progresses 

to the centre in the AP and is even in the PVP. The diffuse type shows low density 

or heterogeneous signal intensity. The “strip-like sign” (coalescence of lesions) 

and the “lollipop sign” (gradual enhancement of central vessels) are characteristic 

for EHE and facilitate its identification.236 

 

1.3.   Diagnostic imaging 

Diagnostic imaging, such as ultrasound, hepatic arteriography, computerised 

tomography (CT) scan, CT hepatic arteriography, CT arterio-portography and 

magnetic resonance imaging (MRI), are necessary on suspicion of tumour 

formation or malignancy in the liver.  

 

1.3.1.   Abdominal ultrasonography 

Ultrasonography is the primary screening test for the detection of pathological 

lesions of the upper abdomen. It represents a fast, non-expensive and side-

effect-free method of examination and can be performed as often as required 

(usually every three to six months). However, its sensitivity is variable, ranging 

from 33 - 96% for the detection of HCC in cirrhotic liver, while its sensitivity for 

the identification of dysplastic nodules and small HCC is relatively low, with rates 

of 0 - 1,6%. Sonographic contrast agents and tissue harmonic imaging (THI) in 

combination with sonographic contrast media can facilitate the detection of these 

tumours. However, every small hyperechoic mass seen with the sonography 

requires further evaluation as they may represent a metastatic tumour or other 

type of carcinoma. The CT or MRI can further characterise many non-specific 

masses observed during the sonography.237-239 

 

1.3.2.   Hepatic arteriography  

The conventional arteriography of the coeliac and superior MAs has been used 

in the diagnosis of a wide variety of hepatic diseases. In order to set the diagnosis, 
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one must be able to recognise the overlapping vascular patterns encountered in 

the normal and abnormal liver. The diagnostic value of angiography for small 

HCC is relatively high, however, false positive diagnoses do occur due to the 

similar imaging appearance with other lesions. The differential diagnosis between 

stains due to tumours and those due to hyperplastic nodules of cirrhosis, for 

example, is difficult.240,241 

 

1.3.3.   Computed tomography scan (CT scan)  

The contribution of the non-invasive CT in the clarification of abdominal 

pathological conditions and staging of abdominal cancer has been established 

for a long time. Multiphasic dynamic helical CT facilitates the characterisation of 

nodular lesions in the cirrhotic liver. The appearance of hepatocellular 

carcinomas at the CT scan varies according to the tumour size and the imaging 

phase.  

The distinct dual hepatic blood supply via the AHs and the PV enables the 

imaging for the detection and clarification of hepatic lesions to be performed in 

two distinct phases; the hepatic AP and PVP. For the detection of HCC, AP 

imaging is more useful as HCCs are mainly supplied with blood from the AH. Still, 

it is less sensitive in detecting small HCCs and dysplastic nodules, because they 

demonstrate the same density as the surrounding hepatic parenchyma due to 

mainly being supplied from the PV.  

The new advancements in helical CT enable liver imaging during arterial and 

portal venous contrast enhancement, separately. Hypervascular hepatic lesions 

(haemangiomas, adenomas, focal nodular hyperplasia and hepatocellular 

carcinomas) appear denser in the early-AP than the hepatic parenchyma and 

can, at this stage, be detected, while the hypovascular metastatic tumours can 

be detected better in the PVP. Furthermore, the main arteries of the upper 

abdomen, such as the coeliac trunk and the splenic artery, can be depicted more 

clearly and any tumour invasion from hepatic, pancreatic or gallbladder cancer 

can be visualised, which may improve the staging compared to conventional CT. 

False-negative CT imaging can occur and small lesions can, in some cases, 

remain undetected. Detection rates of 59% for tumours and 37% for tumour 
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nodules have been reported, while sensitivity and specificity rates of up to 90% 

have been demonstrated.98, 242 

 

1.3.4.   CT hepatic arteriography and CT arterial portography  

CT hepatic arteriography and CT arterio-portography represent invasive 

procedures, by which the injection of the contrast agent is applied by means of a 

catheter, directly into the AH for the hepatic arteriography and into the MA or 

lineal artery, so as to reach the PV, for the hepatic arterio-portography. These are 

the gold standards for the preoperative detection of small liver tumours, even of 

a diameter of 0,2 cm, as they have proved to be the most sensitive imaging 

methods for detecting these tumours. However, the false positive detection rate 

of malignances, in cases of benign tumours, is relatively high. For this reason and 

as they are very invasive techniques, their application should take place only 

under strict indication.243,244 

 

1.3.5.   Magnetic resonance imaging (MRI)  

For the lesions that are difficult to differentiate using the CT, the radiologist can 

be assisted further by the MRI. The appearance of the tissues can vary on the 

MRI depending on the extent of fibrosis or necrosis, the existence of 

haemorrhage, the histological pattern and the amount of fatty deposits. Some 

studies proved the superiority of the MRI, in comparison with the CT, in detecting 

and characterizing focal hepatic lesions.244 

 

1.3.6.   Positron emission tomography scan (PET) 

The positron emission tomography (PET) scan is an imaging examination that 

requires the intravenal application of a radioactive substance, the tracer, in order 

to assess the function of an organ. The PET scanner detects signals from the 

tracer and, thus, a pathological condition is suspected in the areas where there 

is an accumulation of the tracer.245 
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According to Kinkel, the PET scan is the most sensitive, non-invasive imaging 

method for diagnosing liver metastases from colorectal, gastric and oesophageal 

primary tumours. It also has a high sensitivity for detecting extrahepatic foci of 

metastases245.  It has been demonstrated in the literature that PET scans can 

produce some false-negative results in cases of hepatocellular carcinomas and 

false-positive results in cases of abscesses or of patients with diabetes mellitus, 

as blood sugar or insulin levels may affect the test results.246 

PET scans and CT scans can also be combined (PET/CT scan) in order to obtain 

a more accurate diagnosis with excellent results. However, due to their relatively 

high cost and limited availability, PET and PET/CT scans are not applied for the 

routine abdominal examination.246  

 

1.4.   Biopsy 

In some cases, when the diagnosis by means of non-invasive methods remains 

unclear, a liver biopsy cannot be avoided. In these cases, hepatic tissue may be 

obtained for biopsy either by puncture with a needle through a lower intercostal 

space or by surgery and resection of the hepatic tissue.247-249 

Hepatic material for the biopsy can be acquired either by means of percutaneous 

fine-needle aspiration (FNA) for the cytologic evaluation or through core needle 

biopsy or open surgical biopsy for histologic examination. The combination of US-

guided or CT-guided FNA and liver core biopsy improves the diagnostic precision 

with a sensitivity rate of 96% and a specificity rate of 95%. These rates are higher 

than any other technique used in diagnosing HCC and are far less traumatic and 

dangerous than open surgical biopsy. The latter is nowadays rarely performed 

and only in cases where it is impossible to precisely locate the lesions by 

radiographic means.250 

In general, a liver biopsy takes place when the laboratorial or radiographic 

findings do not fulfil the criteria required in order for the clinician to be certain that 

the lesion is HCC or on occasions before resection of a small liver lesion (an 

incidental finding in the lack of symptoms of young patients), as in these cases 

there occur a lot of false positive HCC diagnoses.251-254 
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A fine-needle biopsy of focal liver lesions is an advantage for the above clinical 

scenarios, as its accuracy is, according to Caturelli et al., 95,6% for lesions up to 

2 cm and, thus, unnecessary operations can be avoided.255 The latter is crucial 

considering the risks and complications of hepatectomy, the most common of 

them being a postoperative liver failure, intra-abdominal infection and sepsis, 

biliary fistulae and extensive bleeding. Doci et al. report that the postoperative 

morbidity after liver resection in their study was 35%, while mortality was 2,4%. 

However, the rates were lower the later the surgeries were performed and the 

smaller the lesion and, thus, the smaller the resected area were.256,257 In the study 

of Virani et al., 22,6% of the patients had complications within the first thirty days 

after the surgical procedure, of whom 9% eventually died.258  

On the contrary, complications related to percutaneous liver biopsy are rare, 

mainly being severe haemorrhage and infection or even sepsis. Another potential 

complication is the needle tract metastasis, due to the spread of the tumour cells, 

whose prevalence in most studies is around 1%, while the mortality rate is in most 

studies under 0,3%.259-263 

 

1.5.   Computed tomography scan of the liver 

1.5.1.   Attenuation 

The difference in the attenuation between the lesion and the liver tissue is critical 

for detecting and diagnosing the lesion. Cysts, calcifications, fat and blood, such 

as in haemorrhage, help the radiologist identify a lesion; however, these features 

are rarely present in a tumour. Liver lesions on non-enhanced CT-scans are 

usually hard to distinguish from the surrounding liver parenchyma since their 

contrast is low. For this reason, the use of a contrast agent is necessary. 

When a contrast agent is intravenously applied, the dual blood supply to the liver 

by the AH and PV assists the radiologist in diagnosing the lesion. This happens 

because there is a difference between the blood supply to the hepatic 

parenchyma and hepatic tumours. The blood supply to the liver tissue is 80% 

provided by the PV and 20% by the AH, while hepatic tumours are supplied solely 
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by the AH. As a result, contrary to the normal liver tissue enhanced in the PVP, 

most liver tumours are enhanced in the AP.  

Hypervascular tumours enhance in the AP and appear as hyperdense lesions 

surrounded by a comparatively hypodense hepatic parenchyma. The late AP 

(approximately 35 seconds after the contrast agent’s injection) is the optimal time 

for detecting hypervascular lesions, as this is the time required by the contrast 

agent to journey from the peripheral vein to the liver tumour via the AH. 

Hypovascular tumours, on the contrary, are detected in the PVP, when the 

maximal enhancement of the liver tissue takes place and they present as 

hypodense lesions surrounded by a comparatively hyperdense hepatic 

parenchyma. The best time for detecting hypovascular lesions is the late portal 

venous or hepatic phase (approximately 75 seconds postinjection). 

In the equilibrium phase (approximately four minutes postinjection), the contrast 

agent gradually flushes away from the liver and there is a decrease in the hepatic 

parenchyma’s density. Some tumours have special characteristics in this phase 

and this fact helps the radiologists in their diagnosis; examples of these tumours 

are the hepatocellular carcinoma, which demonstrates a fast washout of the 

contrast agent and the haemangioma, which retains the contrast agent for longer. 

The best time for this phase is at 10 minutes post contrast agent injection.  

Practically, the first step to characterise a focal liver lesion on CT is determining 

its density. For example, if the lesion’s density resembles water density and at 

the same time is homogeneous, with clear margins and demonstrates no 

enhancement, it is almost certainly a cyst.98, 264, 265  

 

1.5.2.   Liver lesions’ demonstration on the CT 

Liver lesions are categorised into hypervascular and hypovascular, according to 

their enhancement pattern. Hypervascular liver lesions can either be primary liver 

pathologies, mainly benign, or secondary (metastases).  

As mentioned above, primary liver tumours are, in their majority, hypervascular. 

The most common malignant hypervascular primary liver lesion is the 

hepatocellular carcinoma, but it can also present as hypovascular.48,52,98 

Hypovascular liver lesions, contrary to the hypervascular, are in their majority 

malignant. Hypovascular tumours are also more common than hypervascular, 
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with metastases from other primaries being their main representative. Although, 

as stated above, most primary liver tumours are hypervascular, there are 

exceptions, such as the cholangiocarcinoma, which presents as a hypovascular 

lesion, often with delayed enhancement.98 

Lesions that show no enhancement and have, centrally, a near-water density, 

can be cystic lesions, which can also be malignant in some cases, as well as 

abscesses or metastases with central necrosis.61,98 

 

1.6.   Contrast agents in the diagnostic of hepatic tumours 

The significant improvements in the composition of contrast agents in the past 

decades have made them safer and better tolerated by patients. They are 

indispensable for the detection of abdominal lesions as they allow for a better and 

morphological demarcation of the complicated abdominal topography, increase 

the conspicuity of the lesions and enable a better assessment of dynamic 

processes, such as the blood circulation. As stated above, the distinct dual 

hepatic blood supply enables the imaging of the liver for the detection and 

clarification of its lesions in the hepatic arterial and the PVPs separately, enabling 

the detection of both hyper- and hypovascular lesions. This has become much 

easier with the use of contrast media.  

Most of the currently available contrast media used for the CT are water-soluble, 

iodinated, non-ionic and have a low molecular weight. They are metabolised in 

the kidneys and their circulatory half-life is, for healthy individuals, usually 1 - 2 

hours.266, 267 

 

1.6.1.   Adverse reactions of iodinated contrast agents 

The administration of iodinated contrast agents can cause adverse reactions, 

such as physiochemotoxic and hypersensitivity reactions, which can be mild, 

intermediate and severe; even lead to death. Commonly reported 

physiochemotoxic adverse reactions are heat sensation, pruritus, erythema, 

nausea, hypertension, arrhythmia, angina and vasovagal symptoms. The 

physiochemotoxic reactions present more often than hypersensitivity reactions. 
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The latter can be acute, taking place within an hour after injection and ranging 

from simple urticaria to full anaphylaxis, or delayed, typically occurring between 

an hour and one week after injection. The most common delayed adverse 

reactions are skin rashes and flu-like symptoms.268-272 

Administration of larger volumes of contrast agents enhances the risk of adverse 

reactions; in fact, the cardiac pump function of patients with cardiovascular 

disease might, in some cases, not be capable of transporting larger volumes of 

contrast agents within one heartbeat, even leading to heart failure.273, 274 

Furthermore, there is evidence that greater volumes and higher administration 

rates of iodinated contrast agents increase the probability of hypersensitivity 

reactions.275 

Contrast-Induced Nephrotoxicity (CIN) represents impairment in renal function 

due to the administration of contrast agents and occurs in 2 – 7 % of cases.268-

271, 276, 277 Other rare adverse reactions to iodinated contrast agents are 

extravasation of the contrast agent, air embolism, iodinated contrast medium-

induced thyrotoxicosis in patients with hyperthyroidism and metformin 

accumulation leading to lactic acidosis in cases of concomitant metformin 

therapy.269-271, 278-280  

 

1.6.2.   Imeron 

The active ingredient of Imeron is Iomeprol. It is a non-ionic, water-dissolvable, 

low osmolar, dialysable iodinated contrast agent.  

It is manufactured in the dosages 100, 250, 300, 350 and 400, which contain 100 

mg/ml, 250 mg/ml, 300 mg/ml, 350 mg/ml and 400 mg/ml iodine respectively. 

They all have a pH value of 6,9 to 7,2. 

100 ml Imeron 100 contain 30,62 g Iomeprol with an osmolality of 301 +- 14 

mosmol/kg water and a viscosity of 1,4 +-0,1 mPa s at 37 C. 

100 ml Imeron 250 contain 51,03 g Iomeprol with an osmolality of 435 +- 20 

mosmol/kg water and a viscosity of 2,9 +-0,3 mPa s at 37 C. 
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100 ml Imeron 300 contain 61,24 g Iomeprol with an osmolality of 521 +- 24 

mosmol/kg water and a viscosity of 4,5 +-0,4 mPa s at 37 C. 

100 ml Imeron 300 contain 71,44 g Iomeprol with an osmolality of 618 +- 29 

mosmol/kg water and a viscosity of 7,5 +- 0,6 mPa s at 37 C. 

100 ml Imeron 400 contain 81,65 g Iomeprol with an osmolality of 726 +- 34 

mosmol/kg water and a viscosity of 12,6 +- 1,1 mPa s at 37 C.281-283 
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2.   Objectives of the clinical study 

The aim of this study was the optimisation of the strength and injection rate of the 

contrast agent Imeron in the Multislice Spiral-CT of the upper abdomen. The 

contrast agent dose schedule for Multislice Spiral-CT had to be adjusted to the 

speed of the examination.  

One possibility for reducing the time of the examination and X-ray exposure would 

be to increase the injection rate up to 5 ml/sec. However, in many patients the 

cardiac pump function does not allow for the transportation of such a large volume 

of contrast agent within one heartbeat.274 This leads to a decrease of the 

maximum enhancement and a flattening of the contrast concentration curve in 

the abdominal arteries. With a contrast agent of higher iodine concentration, the 

injection rate may be reduced without decreasing the iodine delivery rate, which 

makes it possible to reduce the volume load of the heart. A greater volume and 

faster injection rate of a contrast agent also leads to greater haemodynamic 

disturbances and other acute hypersensitivity reactions to contrast agents.275,284 

Several studies have also shown that higher contrast agent injection rates lead 

to increased extravasation rates.285-293 

Furthermore, a medium injection rate in comparison to a higher rate has been 

shown to produce less false positive results in the detection of small 

hypervascular hepatocellular tumours in patients with cirrhosis.294 

It is estimated that the injection of a higher concentrated contrast agent (Imeron 

400) with a lowered flow rate and lower total administered volume of contrast 

would equalise the attenuation and contrast values of a lower concentrated 

contrast agent (Imeron 300) with higher flow rates and higher total value of 

contrast. It is known from daily clinical practice that the first mentioned profile is 

better tolerated by patients and, thus, there is expected to be a benefit concerning 

CT examinations. 

The primary criterion was the maximum absolute contrast of lesions to their 

backgrounds (difference SIlesions minus SIsurrounding tissue) of arterial and venous 

phase scans. 
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Secondary criteria were quantitative evaluations of the signal intensities in 

different regions, as well as a group of qualitative criteria, including an evaluation 

of the accuracy in comparison to a gold standard. The patients’ sensation and 

comfort at the administration of the contrast agent were also taken into account. 

The secondary criteria were more analytically the following: 

• Signal intensities:   

- Normal liver tissue 

- Pancreatic tissue 

- Abdominal aorta 

- Portal vein  

- Lesions 

- Tissues surrounding the lesions 

• Maximum absolute contrast of lesions to their backgrounds separately in 

arterial and venous phases, broken down to types of lesions 

• Technical quality 

• Image quality 

• Overall contrast quality 
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3.   Materials and method 

3.1.   Study design 

The present exploratory pilot study was designed as a prospective single centre 

(Johann Wolfgang Goethe University Frankfurt), parallel-group, double blinded, 

randomised, interindividual comparison. 

 

3.2.   Patients 

3.2.1.   Number of patients 

In the study participated a total of 50 patients. 25 of them belonged to group 1 

and 25 belonged in the group 2. 

Up to this study, no data was available about the influence of the planned iodine 

strengths and injection rates of Iomeprol (Imeron) on the maximum of contrast 

and, therefore, no sample size calculation could be carried out. The present study 

was explorative in nature. A number of 25 patients per group was considered to 

be sufficient to describe possible trends for differences between the treatment 

groups. 

 

3.2.2.   Study groups 

The patients of group 1 received a total of 120 ml Imeron 300 at dual phase 

injection and 30 ml NaCl at mono phase injection. The patients of group 2 

received a total of 90 ml Imeron 400 at dual phase injection and 23 ml NaCl at 

mono phase injection. 

 

3.2.3.   Inclusion criteria 

Included were all the patients of both genders who were referred to multidetector 

CT for pretherapeutic tumour staging for one of the following indications: 

• Primary liver carcinoma   

• Extent of liver spread (hypervascularised metastasis) 
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• Cholangiocarcinoma 

• Pancreatic carcinoma 

• Gastric carcinoma 

The patients should also fulfill the following criteria: 

• Adult (age> 18 years) 

• Conscious and cooperative 

• must have given written informed consent 

 

3.2.4.   Exclusion criteria 

• Hyperthyreosis (TSH decreased) 

• Hypersensitivity to iodinated contrast agents 

• Alcohol or drug abuse 

• Pregnant or nursing women 

• Female patient, for whom the possibility of a pregnancy could not be 

excluded for the following reasons:   

- Postmenopausal for 3 years 

- Surgical sterilisation 

- Pregnancy test 

• Participation in a clinical trial within the past 14 days or previous enrolment 

in this study 

• Circumstances that would significantly decrease the chance of attaining 

reliable data or of achieving the study objectives according to 

investigator’s final opinion 
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3.3.   Materials 

3.3.1.   Investigation product 

3.3.1.1.   Description 

Iomeprol in different iodine concentrations, namely Imeron 300 with concentration 

300 mg Iod/ml (120 ml) or Imeron 400 with concentration 400 mg Iod/ml (90ml) 

according to random list. 

Imeron 300 and 400 are registered for the most common radiologic urologic and 

cardiologic indications and in clinical use in Germany. 

 

3.3.1.2.   Labeling and packaging 

Each medication set was composed of a box containing one bottle of 200 ml of 

Imeron 300 or Imeron 400 according to the randomisation list. The labeling was 

obtained by the local chemistry. 

 

3.3.1.3.   Administration, use and disposal of the compound 

during and at the end of the study 

The test solution was administered intravenously using an automated power 

injector (Spectris; Medrad, Pittsburgh, PA). The injection volume, as well as the 

injection rate was determined by a randomisation list, which was in the hand of 

the drug dispensing person.  

A new medication set had to be used for each patient. At the end of the study, 

the overall used study medication was given to the local chemistry.   
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3.3.2.   Administration procedure 

Bolus triggering: Care Bolus technique 

Dual phase injection: 

Group 1: First phase: 80 ml Imeron 300 at 5 ml/sec 

               Second phase: 40 ml Imeron 300 at 2,5 ml/sec 

               Saline flushing: 30 ml NaCl at 2,5 ml/sec 

Group 2: First phase: 60 ml Imeron 400 at 3,7 ml/sec 

               Second phase: 30 ml Imeron 400 at 1,9 ml/sec 

               Saline flushing: 23 ml NaCl at 1,9 ml/sec 

 

3.3.3.   Technical parameters  

3.3.3.1.   CT equipment 

Sensation 16 (Siemens, Forchheim, Germany) 

 

3.3.3.2.   Imaging protocols 

Table 8. Imaging protocols 

Scan Care bolus Arterial phase 
Portal-venous 

phase 

Collimation 2 x 2,5 mm 16 x 1,75 mm 16 x 1,5 mm 

Pitch - 1 1 

Table feed/ 

rotation 
- 12 mm 24 mm 

kV 120 120 120 

mAs ~50 150-180 150-180 

Time of rotation 0,5 sec 0,5 sec 0,5 sec 

Direction - cranio-caudal cranio-caudal 
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Location 
aorta (truncus 

coeliacus) 

diaphragm to 

great gastric 

curvature 

diaphragm to 

great gastric 

curvature 

Scan duration - ~9 sec ~5 sec 

 

Reconstruction 
   

Slice width/ 

increment 

- 

- 

1 mm/ 

0,5 mm 

2mm/ 

1mm 

MPR - coronal coronal 

 

 

3.4.   Method and study schedule 

3.4.1.   Admittance to the study 

Each patient fulfilling the eligibility criteria, as defined in chapters 3.2.3 and 3.2.4, 

was offered to participate in the study. After obtainment of the patient’s written 

informed consent, his demographic and anthropometric data, medical 

anamnesis, concomitant therapies and indications, he was recorded in the case 

report form (CRF). 

 

3.4.2.   Distribution in study groups 

After entering the study, the patients were randomly assigned to groups 1 and 2, 

which determine the iodine concentration, the injection volume and the injection 

rate, as defined in chapter 3.3.2. 

The randomisation list was computed using the ProcPlan procedure of the 

statistical software package SAS, version 8.02. 

The contrast agent was administered via bolus injection. Post injection of the 

contrast agent, saline flushing with NaCl with the corresponding flow rate of the 

portal-venous phase, respective to the randomisation group, was also performed. 
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As the basic parameter of the study was time of administration (equal iodine 

administration rate per group), the overall administration time for total injection 

(contrast medium and NaCl) had to be the same for both groups.  

The above-mentioned volumes of saline solution, namely 30 ml for group 1 and 

23 ml for group 2, ensured that the overall volume of the contrast agent was 

implemented to the patient. In order to equalise the time of the total injection, 

since we did not want the overall injection time of the contrast agent to influence 

the outcome of our study, the volume of NaCl was different for each group. 

 

3.4.3.   Data handling 

The data was handled according to the good clinical practice (GCP) guidelines: 

• Before the start of the data entry procedures: checks of completeness and 

legibility of the CRF, as well as plausibility check 

• Data entry procedure: double entry mode using a plausibility - controlling 

data entry form 

• After data entry: cross checks within and between the cases, complete 

data listings, scatter plots, check of the minimum and maximum values, 

control of plausibility using data cleaning macro-procedures. 

 

3.4.4.   Randomisation 

The patient’s assignment to one of the study groups was randomised. The 

randomisation list was computed with the use of the ProcPlan procedure of the 

statistical software package SAS, version 8.02. 

 

3.4.5.   Replacement policy 

The present study was planned to be carried out on a total of 50 per-protocol 

patients. 

Patients who discontinued the study due to reasons that were not related to the 

study were considered drop-outs. Withdrawals are patients who discontinued the 
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participation due to reasons that were directly related to the study, such as 

adverse events. Drop-outs and withdrawals were replaced. 

Patients for whom efficacy analysis could not be completely carried out were not 

replaced. 

The CRFs of drop-outs or withdrawals were marked on the cover page with a “D” 

or “DD” (in case of two consecutive drop-outs). The random list of replacement 

patient applied also for the replacement patients. 

 

3.4.6.   Inclusion of patients for standard analysis 

Analyses of safety and efficacy were based on two patient populations, which 

were defined as follows: 

• The intend-to-treat (ITT) population comprised any patient enrolled in the 

study who received any dose of the study drug. The safety analysis was 

performed on this population. 

• The per-protocol (PP) population comprised all patients who completed 

the study and adhered strictly to study requirements. The efficacy analysis 

was performed on this population. 

 

3.4.7.   Analysis of demographic and baseline characteristics 

Demographic and baseline characteristics were summarised by data listing, 

summary statistics (extreme values, mean and median values, standard 

deviation) or frequency distribution tables, as appropriate for each item. 

Treatment groups were checked for homogeneity with respect to all possible 

influences on the key variables. 

 

3.4.8.   Course of the study 

Seven to one day (days -7 to -1) prior to the examination took place the 

recruitment, according to the inclusion and exclusion criteria, the patient’s 
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information and the informed consent, the recording of the demographic data, 

medical history, concomitant medication and the pre-dose events. 

Day 0 was the day of the examination. The CT examination started with a SCOUT 

scan. A venous access (>18G) was fixed in the antecubital vein of the arm, 

preferably at the left one. A Care Bolus CT scan followed, which was performed 

in order to determine the individual delay time between the start of the contrast 

agent injection and the start of the arterial and PVP CT scans. The threshold for 

starting CT scanning was fixed to 140 HU. The start of the AP took place 

immediately post reaching the fixed threshold and the obligatory scanner delay 

of 6 seconds. The breath-hold command was included in the scanner delay. The 

contrast agent was administered by means of a power injector (Spectris; Medrad, 

Pittsburgh, PA). The concentration of Imeron, the administration volume, as well 

as the injection rates for all scans followed the randomisation list. After the first 

phase of administration of Imeron, the AP CT scan was followed by the PVP. The 

delay between arterial and PVP was fixed at 45 seconds, based on data in the at 

the time current existing literature. 

The patient remained for one hour post injection or 30 minutes post end of overall 

CT scan under the observation of the examining physician.  

Twenty-four hours after the administration of the contrast agent (day 1) took place 

the follow-up, in order to record potential adverse events. 

The efficacy evaluation, which included qualitative and quantitative assessments 

(technical, image and overall contrast quality) and the signal intensity 

measurements on the basis of CT images, were subsequently carried out by the 

investigator. 

Finally, two independent radiologists, who were not involved in the study 

previously, assessed the accuracy in consensus. Histological reports or clinical 

follow-up served for this purpose as the gold standard. 

 

3.4.9.   Investigator’s assessments 

The following criteria were evaluated: 
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3.4.9.1.   Technical quality 

The technical quality was assessed in 4 scores: 

i. 1= Insufficient = the overall structures of the upper abdomen were not 

visualised 

ii. 2 = Moderate = the overall structures of the upper abdomen were distinctly 

visualised 

iii. 3 = Good = the overall structures of the upper abdomen were good 

visualised 

iv. 4 = Excellent = the overall structures of the upper abdomen were 

excellently visualised 

 

3.4.9.2.   Image quality (presence of contrast artifacts) 

The presence of contrast artifacts was assessed in 3 scores: 

i. None 

ii. Present, minor degradations due to artifacts 

iii. Present, major degradations due to artifacts 

 

3.4.9.3.   Overall contrast quality 

The overall contrast quality was evaluated in 4 scores: 

i. 1 = Insufficient = the boundary between the lesion or lesions and the 

surrounding area was not depicted 

ii. 2 = Sufficient = the boundary between the lesion or lesions and the 

surrounding area was distinctly visualised 

iii. 3 = Good = the boundary between the lesion or lesions and the 

surrounding area was visualised, but the lesion or lesions were not 

completely delineated 

iv. 4 = Excellent = the boundary between the lesion or lesions and the 

surrounding area was visualised and the lesion or lesions were completely 

delineated 
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3.4.9.4.   Quantitative assessment (Signal Intensity) 

The signal intensity (HU) was measured at arterial and venous enhancement 

using the ROI technique (operator-defined regions of interest). The difference 

between the HU measurement in the tumour and the surrounding hepatic normal 

tissue was assessed through drawing ROIs both in the tumour and in the 

surrounding hepatic lesion. Tumourous lesions were only measured in solid 

portions of the tumour.   

 

3.4.10.   Image evaluation 

Acquired images were saved to a picture archiving and communication system 

(PACS) and images were reviewed on a dedicated reporting workstation 

(CentricityTM PACS, GE-Healthcare, Waukesha, WI). 

All image evaluations were performed by two radiologists, with 5 and 8 years of 

experience in abdominal imaging at the time of the study, in consensus. 

 

3.4.11.   Data collection and statistical analysis 

Results of image evaluations were tabulated to facilitate their analysis. The mean, 

standard deviation and range of the results of the quantitative assessment were 

calculated and the difference between both protocols of contrast administration 

both in the AP and venous phase was tested for statistical significance using the 

Two-Sample t-Test. The absolute number and percentage of the results of 

qualitative image evaluation was calculated and the difference in qualitative 

results between both protocols was tested for statistical significance using the 

Wilcoxon-Mann-Whitney-Test. Statistical analyses were done with the use of 

BIAS software for Windows. P values less than 0,05 were considered to indicate 

statistical significance. 
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3.4.12.   Ethics 

The study was conducted according to the principles of the Declaration of Helsinki 

and Good Clinical Practice (GCP) and was approved by the Ethics Committee of 

the University Clinic of the J. W. Goethe University Hospital Frankfurt am Main 

(study protocol number: Imeron 300/400 MDCT Upper Abdomen, study protocol: 

IOM/16-04, vote of the Ethics Committee reference number: 205/04, date of 

approval: 10.02.2005).  

Informed consent was obtained from all subjects involved in the study prior to 

their enrollment and data confidentiality has been ensured.  
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4.   Results 

4.1.   Patient selection 

A total of 50 patients fulfilling the eligibility criteria, as defined in chapters 3.2.3 

and 3.2.4, were selected.  

 

4.2.   Patient withdrawal 

None of the 50 patients were withdrawn from the study.  

 

4.3.   Patient gender 

From the 50 patients who were chosen to be studied 29 were male (58%) and 21 

were female (42%). 

 

 

Figure 3. Pie chart of gender distribution 

 

Patient gender

Male

Female
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4.4.   Patient age 

The age of the patients on the examination date ranged from a minimum of 39 to 

a maximum 80 years with a mean of 63,3 years of age (standard deviation: 9,93). 

4.5.   Number of lesions pro patient 

The mean number of lesions per patient was of 2,44 +/- 1,12 lesions, with a 

minimum of 1 and a maximum of 5 lesions per patient. The total number of lesions 

included was 357.  

 

4.6.   Diagnosis 

19 patients from the 50 who participated in the study (38%) were diagnosed with 

hepatocellular carcinoma (HCC). 13 patients (26%) had hepatic metastases from 

a primary colorectal carcinoma (CRC), 9 (18%) from a primary mamma 

carcinoma (MACA) and 4 (8%) from a primary gastric carcinoma (Gastro-CA). 

One patient (2%) was diagnosed with each of the following diseases: primary 

cholangiocarcinoma (CCC), primary esophageal carcinoma (EC), primary 

pancreatic carcinoma (Pancreas-Ca), primary prostatic carcinoma (Prostata-Ca) 

and primary neuroendocrine tumour (NET). 

 

Figure 4. Bar chart of diagnosis  

 

0

2

4

6

8

10

12

14

16

18

20
Diagnosis



74 
 

4.7.   Diagnosis in relation to gender 

From the 19 patients who were diagnosed with HCC, 11 (57,9%) were male and 

8 (42,1%) were female. From this group, 13 patients were diagnosed with hepatic 

metastasis with a primary colorectal tumor; 9 were male patients (69%), while 4 

were female (31%). Furthermore, all 9 patients with a primary mamma carcinoma 

were female, whereas all 4 patients with a primary gastric carcinoma were male. 

Patients who were diagnosed with hepatic metastases of  other primary 

carcinomas (primary cholangiogarcinoma, esophageal carcinoma, primary 

pancreatic carcinoma, primary neuroendocrine tumour and primary prostatic 

carcinoma) were all male.  

 

4.8.   Size of lesions 

For the Imeron 300 group the mean size of the assessed hepatic lesions was 

32,7 +/- 23,7 mm, with a minimum of 5,3 mm and a maximum of 95,7 mm. 

For the Imeron 400 group the mean size of the assessed hepatic lesions was 

33,3 +/- 26,8 mm, with a minimum of 8 mm and a maximum of 135 mm. 

Statistical analysis showed no statistically significant difference between the 

diameters of the lesions in both protocols (p = 0,90). 

 

4.9.   Absolute contrast of lesions to their backgrounds 

(difference SIlesions minus SIsurrounding tissue) of arterial and 

venous phase scans  

For the Imeron 300 group the mean HU measurement of the hepatic lesions in 

the AP was 63,3 +/- 44,3, with a minimum of 10 HU and a maximum of 238 HU 

and in the venous phase it was 64,6 +/- 27,3, with a range of 10 HU to 114 HU. 

The mean HU measurement of the surrounding hepatic tissue in the AP was 72,9 

+/- 14,9, with a minimum of 43 HU and a maximum of 108 HU and in the venous 

phase it was 98 +/- 16,9 with a minimum of 64 HU and a maximum of 139 HU. 

The mean difference between the hepatic lesion and the surrounding hepatic 
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tissue was -9,6 +/- 42, with a range of -62 to 133 and in the venous phase -33,4 

+/- 24 with a range of -90 to 23.  

For the Imeron 400 group the mean HU measurement of the hepatic lesions in 

the AP was 57,9 +/- 31,1, with a minimum of 5 HU and a maximum of 163 HU 

and in the venous phase it was 62,4 +/- 31, with a minimum of 5 HU and a 

maximum of 143 HU. The mean HU measurement of the surrounding hepatic 

tissue in the AP was 74,4 +/- 12,3, with a range of 49 to 99 HU and in the venous 

phase 95,4 +/- 18, with a range of 57 to 141 HU. The mean difference between 

the hepatic lesion and the surrounding hepatic tissue was -16,5 +/- 31,6, with a 

minimum of -73 and a maximum of 72 and in the venous phase -31,8 +/- 30,8, 

with a minimum of  -104  and a maximum of 28. 

There was also no statistical difference between both protocols regarding the 

difference in HU measurement between the hepatic lesion and the surrounding 

hepatic tissue both in the AP (p = 0,36) and in the venous phase (p = 0,92). 

 

4.10.  Technical quality 

The technical quality achieved for the Imeron 300 group was graded as excellent 

for 24 of the cases (96%), which means that the overall structures of the upper 

abdomen were excellently visualised for both the arterial and venous phases; in 

one of the cases (4%) the quality was insufficient, namely the overall structures 

of the upper abdomen were not visualised for both the arterial and venous 

phases.  

For the Imeron 400 group, the technical quality was graded for 22 of the cases 

(88%) as excellent for both the arterial and venous phases; in one case (4%) it 

was graded as good, namely the overall structures of the upper abdomen were 

well visualized for both the arterial and venous phases and in one case (4%) it 

was graded as insufficient for both the arterial and venous phases.  

Statistical analysis showed no statistically significant differences between both 

protocols regarding the technical quality of the images, in both the arterial (p = 

0,46) and the venous phases (p = 0,48). 
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4.11.  Image quality 

For the Imeron 300 group, in 24 of the cases (96%) there were no artefacts 

related to the contrast medium, while in 1 case (4%) there were minor 

degradations for both the arterial and venous phases, respectively. 

For the Imeron 400 group, there were no contrast artefacts in 22 of the cases 

(88%) and only minor artefacts in 3 of the cases (12%) for both arterial and 

venous phases, respectively. 

Statistical analysis showed no statistically significant differences between both 

protocols regarding the presence of artefacts related to the contrast medium, in 

either the AP (p = 0,46) or in the venous phase (p = 0,46). 

 

4.12.  Overall contrast quality 

The overall contrast quality was, for the Imeron group 300, excellent for 24 of the 

cases (96%), meaning that the boundary between the lesion or lesions and the 

surrounding area was visualised and the lesion or lesions were completely 

delineated, while in 1 case (4%) the quality was good, which means that the 

boundary between the lesion or lesions and the surrounding area was visualised, 

but that the lesion or lesions were not completely delineated; concerning the 

venous phase, the overall contrast quality was graded as excellent in 23 cases 

(92%) and in 2 cases as good (8%). 

For the Imeron 400 group, the overall contrast quality in the AP was graded as 

excellent for 24 of the cases (96%) and as good in 1 case (4%), while for the 

venous phase it was graded as excellent in 22 cases (88%), in 2 cases as good 

(8%) and in 1 case (4%) as sufficient, namely the boundary between the lesion 

or lesions and the surrounding area was distinctly visualised. 

Statistical analysis showed no statistically significant differences between both 

protocols regarding the overall contrast quality of the images, either in the AP (p 

= 0,50) or in the venous phase (p = 0,48). 
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            Native        Arterial        Venous   

Figure 5. Patient 1: HCC - Imeron 300  

 

               Native       Arterial       Venous   

Figure 6. Patient 2: HCC - Imeron 300 

 

             Native        Arterial         Venous   

Figure 7. Patient 3: HCC - Imeron 400 
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                 Native                                    Arterial  Venous     

Figure 8. Patient 4: HCC - Imeron 400 

 

             Native        Arterial          Venous   

Figure 9. Patient 5: Hepatische Metastasen - Imeron 300 

 

                Native          Arterial          Venous   

Figure 10. Patient 6: Hepatische Metastasen - Imeron 300 
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           Native         Arterial           Venous   

Figure 11. Patient 7: Hepatische Metastasen - Imeron 400 

 

                Native          Arterial            Venous   

Figure 12. Patient 8: Hepatische Metastasen - Imeron 400 
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5.   Discussion 

5.1.   Characteristics of the study subjects 

In our study 57,9% of the patients with HCC were male and 42,1% female. These 

percentages differ from the data of the majority of the studies, which have shown 

a higher prevalence of HCC for men, with the gender ratio varying between 

66,66% to 80% for male and 20% to 33,33% for female.295 

The mean age of the participants was 63,3 years, which correlates with the mean 

age of diagnosis for Western patients, as referred in numerous studies.296, 297 

 

5.2.   Comparison of the performance quality of the two protocols  

Regarding the absolute contrast of lesions to their backgrounds (difference 

SIlesions minus SIsurrounding tissue), our study showed that there was no 

statistical difference between both protocols regarding the difference in HU 

measurement between the hepatic lesion and the surrounding hepatic tissue both 

in the arterial phase (p = 0,36) and in the venous phase (p = 0,92). 

Moreover, there was no statistically significant difference between both protocols 

regarding the technical quality of images both in the arterial phase (p = 0,46) and 

in the venous phase (p = 0,48),  

In regard to the image quality, there was no statistically significant difference 

between both protocols regarding the presence of artifacts related to contrast 

medium both in the arterial phase (p = 0,46) and in the venous phase (p = 0,46). 

The overall contrast quality of images both in the arterial (p = 0,50) and in the 

venous phase (p = 0,48) showed no statistically significant difference between 

both protocols. 

 

5.3.   Comparison with the literature 

The multiphasic computed tomography (CT) imaging is a very useful tool in the 

hands of clinicians for the initial assessment and evaluation of patients with 
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abdominal lesions. It has been proved to have high accuracy in the detection and 

characterisation of benign and malignant hepatic lesions.298-306  

The quality of the produced images depends greatly on the injection rate and 

volume of the contrast medium. An increased injection rate of contrast medium 

has been shown to produce hepatic images of better quality in the AP, however 

it was reported that there were also more physiochemotoxic and other adverse 

reactions to the contrast agents, such as haemodynamic disturbances. 

Furthermore, the cardiac pump function of many patients is not able to transport 

a large volume of contrast agent in a heartbeat. As a result, the maximum 

enhancement decreases and the contrast concentration curve flattens. A higher 

iodine concentration in the contrast medium enables the reduction of the injection 

rate and, thus, the reduction of the volume load of the heart, without reducing the 

iodine delivery rate. In addition, the increase of the injection rate causes an 

increase in the extravasation rates, as well as to more false positive results in the 

detection of small hypervascular hepatocellular carcinomas in cirrhotic 

patients.275, 285-294, 307, 308 

The aim of the current study was to test whether a reduced flow rate of 3,7 ml/sec 

in comparison to 5 ml/sec of contrast medium injection, while keeping the iodine 

injection delivery rate constant by using a higher iodine concentration medium, 

namely Imeron 400 vs. Imeron 300, would adversely affect the image quality. The 

parameters used to test the difference in image quality between both groups were 

qualitative, in the form of an assessment of the overall technical quality 

addressing organ delineation, the presence of artifacts related to the 

administered contrast agent and the delineation of the lesion within the liver as 

compared to the surrounding hepatic tissue. Quantitative assessment was based 

on the assessment of the difference between the HU measurement of the hepatic 

lesion compared to the surrounding hepatic tissue which represented the contrast 

between the lesion and the surrounding tissue. The current study’s results 

showed no statistically significant differences between both groups in all 

assessed aspects, both qualitative and quantitative. 

The subject of the efficacy of different iodine concentrations of the same contrast 

agent for the enhancement of various organs and anatomical structures on CT 
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scans has intrigued many scientists and, for this reason, an abundance of 

relevant studies has been contacted in the last decades. However, most studies 

cannot be directly compared to our study since they compare the different iodine 

concentrations of the contrast agents either at constant administration rates or 

using a fixed volume of both contrast agents, both resulting in the administration 

of a greater absolute iodine amount with the higher concentration protocol (which 

had a positive effect on the image quality in this group of patients but at the cost 

of increased amount of injected iodine), as opposed to our study in which we 

used a fixed amount of iodine for both protocols. 

Romano et al. (2009) have compared two contrast media (Iomeprol) with iodine 

concentrations of 400 and 320 mg/ml, respectively, in the multidetector CT 

(MDCT) scan of the abdomen. They determined that the medium with the higher 

iodine concentration resulted in significantly better image enhancement, both in 

the arterial (first reader: p = 0,0004, second reader: p = 0,01) and venous phases 

(first reader: p = 0,04, second reader: p = 0,05), while having the same minor 

impact on the patient’s heart rate and safety as the medium with the lower 

concentration.309 

The superiority of contrast agents with higher iodine concentrations in some 

special cases, has also been demonstrated by Brink et al., who have suggested 

in two scientific papers (both 2003) that using a high contrast concentration, for 

instance a 400 mg/ml iodine contrast medium, seems to be of advantage when 

scanning overweight patients and in cases where there is a necessity for a high-

detailed imaging of the vessels via high-resolution CT angiography. This is 

because rapid imaging, which is more achievable with the higher concentration 

of contrast medium, is of great importance for the best possible contrast use in 

CT angiography. The same also applies when using multiphasic CT imaging of 

the parenchymal organs.310,311 

Suzuki et al. (2007) have compared, in a blind study, two contrast media of 

different iodine concentrations, namely 300 and 370 mg/ml, respectively, keeping 

all other parameters constant. As a result, they observed no significant 

differences in the visual evaluation of the AHs with 3D-CT-angiography, however, 

the aortic contrast enhancement at the late AP, as well as of the liver at the PVP, 
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was significantly higher for the higher iodine concentration medium. They also 

observed that the aortic and PV’s contrast enhancement was at some phases 

higher in women in comparison to that of men.312  

Marchianò et al. (2005) have shown in their study that a higher iodine 

concentration in the contrast medium results in a better healthy liver tissue to 

lesion contrast in the cirrhotic patient’s biphasic spiral CT scans; this could be of 

great importance in the diagnosis of hepatocellular carcinoma.313 

Yamashita et al. (2000) have also observed that the higher the concentration of 

contrast medium used, the better was the quality of the hepatic parenchymal 

enhancement.314  

Guerrisi et al. (2011) also observed that a higher iodine concentration of the 

contrast agent at a constant flow rate leads to a greater aortic enhancement 

during the hepatic AP and a profound improvement of the conspicuity of 

hepatocellular tumours in the cirrhotic liver, when using the 64-row multi-detector 

CT.315 

In support of this observation, Tsurusaki et al. (2004), also suggested that a 

higher iodine concentration in multiphasic dynamic CT can achieve better portal 

and hepatic venous enhancement, as well as better enhancement of the hepatic 

parenchyma.316  

The results of Sahani et al. (2007) agree with those of Tsurusaki et al. in the fact 

that the injection of a contrast medium with a higher iodine concentration results 

in a better enhancement at the AP in comparison to one having a lower iodine 

concentration. However, in contrast to Tsurusaki et al., they did not observe 

significant differences between the two contrast media concentrations concerning 

the enhancement at the PVP. Sahani et al.’s study also demonstrated that there 

were no differences in the side effects produced from both concentrations.317  

Behrend et al. (2009) performed a similar study to our study but in the chest. They 

compared intravascular contrast enhancement in multidetector computed 

tomography (MDCT) of the chest using two protocols, with concentrations of 300 

and 400 mg iodine/ml, respectively, while using a constant delivery rate of 1,29 g 

iodine/sec for both protocols. The authors concluded that there was no 



84 
 

statistically significant difference (p  0,005) between both protocols regarding 

the contrast enhancement at all anatomic sites, namely the right and left 

ventricles, pulmonary trunk, right and left pulmonary arteries and the ascending 

and descending aortas.318  

Hansmann et al. (2013) compared four contrast material injection protocols with 

different iodine concentrations and different injection flow rates for dual-energy 

computed tomography pulmonary angiography (DE-CTPA) in patients with 

suspected pulmonary embolism. In the first two protocols, they used 80 ml 

iopromide at a concentration of 370 mg/ml with flow rates of 4 ml/sec and 3 

ml/sec, respectively, while in the next two protocols they used 98 ml iopromide at 

a concentration of 300 mg/ml with flow rates of 4,9 ml/sec and 3,7 ml/sec, 

respectively. The target tract attenuation was highest for the protocols with 80 ml 

iopromide at a concentration of 370 mg/ml with a flow rate of 4 ml/sec and 98 ml 

iopromide at a concentration of 300 mg/ml with a flow rate 4,9 ml/sec, With similar 

findings to our study, Hansmann et al. found that there was no statistically 

significant difference (p = 0,3395) regarding the attenuation in the group of the 

higher iodine concentration at a slower administration rate, namely 370 mg/ ml at 

4 ml/ sec and the group of the lower iodine concentration at a higher rate, namely 

300 mg/ml at 4,9 ml/ sec. However, in the group with the higher concentration, 

there occurred more artefacts on iodine perfusion maps (three versus two). They 

also confirmed that, the higher the administration rate, the better the attenuation 

in groups with the same iodine concentration.319   

Fenchel et al. (2004) compared an iodine contrast medium with two different 

iodine concentrations, namely 300 and 400 mg/ml, for the multislice CT of the 

pancreas. Two independent readers came also to the conclusion that the contrast 

medium with the higher concentration results in a better contrast enhancement 

of the vessels during the AP and as a result makes the evaluation of potential 

pathologies more accurate.320 

Furthermore, Sandstede et al. (2006) also approached the same conclusion, as 

they demonstrated with their study that the higher iodine concentration in the 

contrast media when used in the CT of the pancreas leads to a better 

enhancement at the AP.321 
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Ma et al. (2008) reported that although both contrast media with different iodine 

concentrations in their study showed similar results with the 16-row multiple-

detector CT for the presurgical planning of the pancreas, the medium with the 

higher concentration resulted in a better enhancement and quality of 3D-images, 

while also being injected for a shorter time.322  

Similar results have reported Setty et al. (2006) who have demonstrated that a 

greater contrast enhancement and image quality is achieved for the chest 16-

slice multidetector CT by using contrast media of higher-concentration. 

Furthermore, there is a financial benefit without an increase in the risk of 

unwanted adverse reactions when using media with higher concentrations.323  

Cademartiri et al. (2005) have reported that the higher the iodine concentration 

of a contrast medium is, the greater the attenuation in the descending aorta and 

coronary arteries is achieved.324 

Becker et al. compared, in their 2011 study, two contrast agents with 

concentrations of 320 and 400 mg/ml, respectively, in coronary CT angiography 

and also concluded that the higher the concentration of contrast agent used, the 

higher the coronary arterial enhancement was achieved, which led to a better 

visualisation of the SEGs.325 

Honoris et al. (2015) compared contrast agents with four different concentrations 

in coronary CT angiography and demonstrated that although a high concentration 

of contrast agents resulted in better vascular enhancement, low concentrations 

of contrast agents provided a better image quality.326 

On the contrary, Zheng et al. (2014), concluded that both contrast agents, with 

concentrations of 270 and 370 mg/ml respectively, provided similar enhancement 

and image quality in coronary CT angiography.327 

Achenbach et al.’s (2017) results agree with those of Zheng as they 

demonstrated that the image quality in coronary CT angiography used for the 

diagnosis of coronary stenosis was equal for both (lower and higher) iodine 

concentrations.328  
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Sun et al. demonstrated in their study of 2017 that contrast agents with higher 

iodine concentrations combined with low tube voltage produce similar image 

qualities with lower iodine concentrations, while allowing a radiation dose 

reduction.329 

Similar results were obtained by Park et al. (2016), who compared two contrast 

agents with different iodine concentrations and concluded that although the 

contrast agent with higher iodine concentration produces a better enhancement 

of the ascending aorta in the coronary CT angiography, the image quality in the 

ascending aorta, the left main coronary artery and the left ventricle is similar in 

both groups.330 

On the contrary, Van Cauteren et al. showed in their study of 2018 that the use 

of a greater volume of contrast agent with a lower concentration injected at a 

higher rate, led to a greater and longer clinically relevant maximal enhancement 

in CT angiography.331 

The randomised multicentre study of Rengo et al. (2019) has shown that 

intravascular attenuation, contrast enhancement and heart rate changes in 

coronary CT angiography are independent of the iodine concentration when the 

contrast agents are injected at 37 °C and with the same iodine delivery rate.332 

Two paediatric studies of Wang et al. (2016) and Hou et al. (2017) demonstrated 

that a lower concentration contrast medium in combination with a low tube voltage 

does not compromise the image quality, while the iodine load and radiation dose 

were lower than with the use of a higher contrast agent concentration.333, 334 

More explicitly, Wang et al. compared two different concentrations of iodinated 

contrast media in children’s abdominal CT scans in combination with 70% 

adaptive statistical iterative reconstruction (ASIR) for the lower concentration and 

50% ASIR for the higher. They concluded that the image quality was comparable 

for both concentrations, while there was a significant reduction in radiation and 

iodine load for the lower concentration.333 

Hou et al. used contrast media with two different iodine concentrations for the 

cardiac CT of children with congenital cardiac disease and observed that there 
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was a reduction in radiation and iodine load for the group with the lower 

concentration, while the quality of the images was similar in both groups.334 

As stated above, the discrepancy between our results and the results of other 

studies is mainly due to the fact that in our study we used two different 

administration rates for each iodine concentration of the contrast agents, as 

opposed to other studies which used a constant rate. Another reason is that we 

used a fixed amount of injected iodine for both protocols while other researchers 

injected a fixed volume of both contrast media, which resulted in a greater 

absolute quantity of iodine being injected with the higher concentration protocol. 

 

5.4.   Limitations of the current study 

Limitations of the current study include the relatively small number of patients 

included and the absence of clinical evaluation of the effect of reduced injection 

flow rate on the patients’ sensation and tolerance of contrast injection, as in the 

current study we concentrated more on the imaging aspect of the two protocols. 
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6.   Conclusion 

The results of the current study showed no statistically significant differences 

between both groups in all assessed aspects, both qualitative and quantitative. 

In addition, most of the relevant studies in the international literature have shown 

no inferiority of contrast agents with a higher iodine concentration in comparison 

to those with lower concentrations, with regard to their efficacy for the 

enhancement of various organs and anatomical structures on CT scans, in fact, 

some of these have proven to be superior. 

In conclusion, the current study has shown that it is possible to reduce the 

injection rate of iodinated contrast medium from 5 ml/sec to 3,7 ml/sec while 

keeping the iodine injection flow rate constant by using a high iodine 

concentration contrast media, without affecting the attenuation or the image 

quality of the multiphasic CT imaging of the liver. 
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7.1.   Summary 

Background: In the Computer Tomography imaging, examinations for the 

diagnosis of lesions of the upper abdomen currently use water-soluble, iodinated, 

non-ionic contrast agents with low molecular weight. One possibility to reduce the 

time of the examination and X-ray exposure is to increase the injection rate. 

However, higher injections rates lead to increased hypersensitivity reactions and 

extravasation rates. Furthermore, cardiac pump function does not always allow 

for the transportation of such a large volume within one heartbeat. With a contrast 

agent of higher iodine concentration, the injection rate may be reduced without 

decreasing the iodine delivery rate while reducing the volume load of the heart. 

Aim: to compare the performance and image quality of two injection protocols of 

contrast medium for multiphasic CT imaging of malignant hepatic lesions; one 

using Imeron 300 at an injection rate of 5 ml/ sec and the second using Imeron 

400 at an injection rate of 3,7 ml/ sec, for multiphasic CT imaging of malignant 

hepatic lesions, in order to optimise the iodine concentration and injection rate of 

the contrast agent Imeron in the Multislice Spiral-CT of the upper abdomen. 

Materials and methods: the current prospective, single centre, double-blinded, 

randomised and interindividual comparison study included 50 patients (29 males 

and 21 females) with a mean age of 63,3 years. Patients were randomised to one 

of the two injection protocols. Image evaluation included qualitative assessment 

(technical quality, presence of artefacts and overall contrast quality) and 

quantitative assessment (measuring the difference in HU between the lesion and 

the surrounding hepatic tissue). The difference between both protocols was 

tested for statistical significance using the Wilcoxon-Mann-Whitney test and the 

Two-Sample t-test. 

Results: there was no statistically significant difference between both protocols 

regarding the technical quality of images, both in the AP (p = 0,46) and in the 

venous phase (p = 0,48). Additionally, no statistically significant difference was 

found regarding the presence of artefacts related to the contrast medium, both in 

the AP (p = 0,46) and in the venous phase (p = 0,46), as well as regarding the 

overall contrast quality of images both in the AP (p = 0,50) and in the venous 

phase (p = 0,48). Quantitative assessment showed no statistically significant 
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difference regarding the difference in HU measurement between the hepatic 

lesion and the surrounding hepatic tissue, both in the AP (p = 0,36) and in the 

venous phase (p = 0,92). 

Conclusion: in the multiphasic CT imaging of the liver, reducing the injection rate 

of the contrast medium Imeron from 5 ml/ sec to 3,7 ml/ sec while increasing the 

iodine strength of the agent from 300 to 400 mg/ml, respectively, and thus 

keeping the iodine injection flow rate constant, produces similar signal intensities 

and results in similar technical, image and overall contrast qualities.. 

Keywords: Contrast-medium, injection rate, iodine concentration, hepatic 

malignancy, multiphasic CT 
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7.2.   Zusammenfassung 

Hintergrund: für die Diagnose von Läsionen des Oberbauchs werden in der 

Computertomographie (CT) wasserlösliche, jodhaltige, niedermolekulare, 

nichtionische Kontrastmittel angewendet. Eine Möglichkeit, die 

Untersuchungszeit und Strahlenexposition zu verkürzen, besteht darin, die 

Injektionsrate zu erhöhen. Höhere Injektionsraten führen jedoch zu häufigeren 

Überempfindlichkeitsreaktionen und Extravasationsraten. Darüber hinaus 

ermöglicht die Pumpfunktion des Herzens nicht immer den Transport eines so 

großen Volumens innerhalb eines Herzschlags. Mit der Verwendung eines 

Kontrastmittels mit höherer Jodkonzentration kann die Injektionsrate reduziert 

werden, ohne die Jodrate zu reduzieren. Das ermöglicht, die Volumenbelastung 

des Herzens zu verringern.  

Ziel: Vergleich der Leistung und Bildqualität von zwei Injektionsprotokollen des 

Kontrastmittels Imeron in zwei Konzentrationen, nämlich von Imeron 300 mit 

einer Injektionsrate von 5 ml/ sec bzw. Imeron 400 mit einer Injektionsrate von 

3,7 ml/s für die multiphasische CT-Bildgebung von malignen Leberläsionen, mit 

dem Ziel der Optimierung der Jodkonzentration und Injektionsrate des 

Kontrastmittels Imeron in der Multislice-Spiral-CT des Oberbauches. 

Materialien und Methoden: Die Studie ist eine prospektive, monozentrische, 

doppelblinde, randomisierte und interindividuelle Vergleichsstudie. 50 Patienten 

haben teilgenommen (29 Männer und 21 Frauen) mit einem Durchschnittsalter 

von 63,3 Jahren. Die Patienten wurden randomisiert in einem der beiden 

Injektionsprotokolle. Die Bildauswertung umfasste eine qualitative Auswertung 

(technische Qualität, Vorhandensein von Artefakten und Gesamtkontrastqualität) 

und eine quantitative Auswertung (Messung des HU-Unterschieds zwischen der 

Läsion und dem umgebenden Lebergewebe). Der Unterschied zwischen beiden 

Protokollen wurde mittels des Wilcoxon-Mann-Whitney-Tests und des Two-

Sample-t-Tests auf statistische Signifikanz getestet. 

Ergebnisse: Es gab keinen statistisch signifikanten Unterschied zwischen beiden 

Protokollen hinsichtlich der technischen Qualität der Bilder, sowohl in der 

arteriellen (p = 0,46) als auch in der venösen Phase (p = 0,48). Zudem zeigte 

sich kein statistisch signifikanter Unterschied hinsichtlich des Auftretens von 
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kontrastmittelbedingten Artefakten, sowohl in der arteriellen (p = 0,46) als auch 

in der venösen Phase (p = 0,46), sowie hinsichtlich der gesamten Kontrastqualität 

der Bilder sowohl in der arteriellen (p = 0,50) als auch in der venösen Phase (p = 

0,48). Die quantitative Bewertung zeigte keinen statistisch signifikanten 

Unterschied bezüglich des Unterschieds der HU-Messung zwischen der 

Leberläsion und dem umgebenden Lebergewebe, sowohl in der arteriellen (p = 

0,36) als auch in der venösen Phase (p = 0,92). 

Fazit: Die Reduzierung der Injektionsrate des Kontrastmittels Imeron von 5 

ml/sec auf 3,7 ml/sec bei gleichzeitiger Erhöhung der Jodkonzentration von 300 

auf 400 mg/ml und damit Konstanthaltung der Flussrate von Jod beeinträchtigen 

die Bildqualität bei der multiphasischen CT-Bildgebung der Leber nicht; es 

werden ähnliche Signalintensitäten, technische-, Bild- und 

Gesamtkontrastqualität produziert. 

 

 

 

 

 

  



93 
 

8.   Bibliography 

1. Wolf DC. Evaluation of the size, shape, and consistency of the Liver. In 

Walker HK, Hall WD, Hurst JW, eds. Clinical Methods: The History, Physical, and 

Laboratory Examinations. 3rd rev ed. Boston: Butterworths; 1990. 

https://www.ncbi.nlm.nih.gov/books/NBK421/. Accessed September 6, 2012. 

2. Gray H. The liver. In: Gray´s Anatomy of the Human Body. 20th ed. New 

York: Lea & Febiger; 1918. http://www.bartleby.com/107/250.html. Accessed 

September 6, 2012. 

3. Michalopoulos GK, DeFrances MC. Liver regeneration. Science. 

1997;276:60-66. doi:10.1126/science.276.5309.60. 

4. Fausto N, Campbell JS, Riehle KJ. Liver regeneration. Hepatology. 

2006;43(1):45-53. doi:10.1002/hep.20969. 

5. Nagasue N, Yukaya H, Ogawa Y, Kohno H, Nakamura T. Human liver 

regeneration after major hepatic resection. A study of normal liver and livers with 

chronic hepatitis and cirrhosis. Ann Surg. 1987;206(1):30-39. 

doi:10.1097/00000658-198707000-00005. 

6. Kmiec Z. Cooperation of liver cells in health and disease. Adv Anat 

Embryol Cell Biol. 2001;161. doi:10.1007/978-3-642-56553-3. 

7. Corless JK, Middleton HM. Normal Liver Function. A Basis for 

Understanding Hepatic Disease. Arch Intern Med. 1983;143(12):2291–2294. 

doi:10.1001/archinte.1983.00350120085018. 

8. Bogdanos DP, Gao B, Gershwin ME. Liver Immunology. Compr Physiol. 

2013;3(2):567-598. doi:10.1002/cphy.c120011. 

9. Couinaud C. Le foie. Études Anatomiques et Chirurgicales. [The Liver. 

Anatomical and surgical investigations.] Paris: Masson; 1957.  

10. MacIntosh EL, Minuk GY. Hepatic resection in patients with cirrhosis and 

hepatocellular carcinoma. Surg Gynecol Obstet. 1992 Mar;174(3):245-54. 

11. Bismuth H. Surgical anatomy and anatomical surgery of the liver. World J 

Surg. 1982;6(1):3-9. doi:10.1007/BF01656368 

https://www.ncbi.nlm.nih.gov/books/NBK421/
http://www.bartleby.com/107/250.html


94 
 

12. International Liver Transplantation Society. Couinaud’s Segmental 

Anatomy of the Liver and Proposed Classification of Pediatric Liver Tumors. 

https://ilts.org/insights/couinauds-segmental-anatomy-of-the-liver-and-

proposed-classification-of-pediatric-liver-tumors/. Accessed January 2, 2021. 

13. Vollmar B, Menger MD. The hepatic microcirculation: mechanistic 

contributions and therapeutic targets in liver injury and repair. Physiol Rev. 

2009;89(4):1269-1339. doi:10.1152/physrev.00027.2008. 

14. Schenk WG Jr, McDonald JC, McDonald K, Drapanas T. Direct 

measurement of hepatic blood flow in surgical patients: with related observations 

on hepatic flow dynamics in experimental animals. Ann Surg. 1962;156(3):463-

471. doi:10.1097/00000658-196209000-00013. 

15. Rappaport AM. Hepatic blood flow: morphologic aspects and physiologic 

regulation. Int Rev Physiol. 1980;21:1-63. 

16. Bergman R, Thompson SA, AWW AK, Saadeh FA. Compendium of 

Human Anatomic Variation: Text, Atlas and World Literature. Baltimore: Urban & 

Schwarzenberg; 1988;77-9. 

17. Michels NA. Newer anatomy of the liver and its variant blood supply and 

collateral circulation. Am J Surg. 1966;112(3):337-347. doi:10.1016/0002-

9610(66)90201-7.  

18. Zaki SM, Abdelmaksoud AHK, Khaled BEA, Abdel Kader IA. Anatomical 

variations of hepatic artery using the multidetector computed tomography 

angiography. Folia Morphol (Warsz). 2020;79(2):247-254. 

doi:10.5603/FM.a2019.0090. 

19. Favelier S, Germain T, Genson PY, et al. Anatomy of liver arteries for 

interventional radiology. Diagn Interv Imaging. 2015;96(6):537-546. 

doi:10.1016/j.diii.2013.12.001. 

20. Michels NA. Blood Supply and Anatomy of the Upper Abdominal Organs. 

With a Descriptive Atlas. London: Pitman Medical Publishing Co. Ltd.: 1955.  



95 
 

21. Furuta T, Maeda E, Akai H, et al. Hepatic Segments and Vasculature: 

Projecting CT Anatomy onto Angiograms. Radiographics. 2009;29(7):e37. 

doi:10.1148/rg.e37. 

22. Alghamdi T, Viebahn C, Justinger C, Lorf T. Arterial blood supply of liver 

segment IV and its possible surgical consequences. Am J Transplant. 

2017;17(4):1064-1070. doi:10.1111/ajt.14089. 

23. Chung KW, Chung HM, eds. Gross anatomy. 7th ed. Baltimore, MD: 

Lippinott Williams & Wilkins; 2012. https://www.worldcat.org/title/gross-

anatomy/oclc/762278463. Accessed December 23, 2012. 

24. Geleto G, Getnet W, Tewelde T. Mean normal portal vein diameter using 

sonography among clients coming to radiology department of Jimma University 

Hospital, Southwest Ethiopia. Ethiop J Health Sci. 2016;26(3):237-242. 

doi:10.4314/ejhs.v26i3.6. 

25. Schmidt S, Demartines N, Soler L, Schnyder P, Denys A. Portal vein 

normal anatomy and variants: implication for liver surgery and portal vein 

embolization. Semin Intervent Radiol. 2008;25(2):86-91. doi:10.1055/s-2008-

1076688. 

26. Arii S, Imamura M. Physiological role of sinusoidal endothelial cells and 

Kupffer cells and their implication in the pathogenesis of liver injury. J 

Hepatobiliary Pancreat Surg. 2000;7(1):40-48. doi:10.1007/s005340050152. 

27. Mescher AL, ed. Junqueira's Basic Histology. 12th Ed. New York, NY: 

McGraw-Hill; 2010. 

28. Sródka A, Gryglewski RW, Szczepariski W.  Browicz or Kupffer cells? Pol 

J Pathol. 2006;57(4):183-185. 

29. Nguyen-Lefebvre AT, Horuzsko A. Kupffer Cell Metabolism and Function. 

J Enzymol Metab. 2015;1(1):101.  

30. Dorland W. Dorland's Illustrated Medical Dictionary. Philadelphia, Pa.: 

Elsevier/Saunders; 2012.  



96 
 

31. Lowe JS, Anderson PG. Stevens & Lowe's Human Histology. 4th ed. 

Philadelphia, PA: Elsevier Mosby; 2015. 

32. Standring S. Gray's Anatomy: the Anatomical Basis of Clinical Practice. 

40th ed. London: Churchill Livingstone; 2008.  

33. Colorado University. Vino Pathophysiology. 

http://www.vivo.colostate.edu/hbooks/pathphys/digestion/liver/bloodsys.html. 

Accessed December 28, 2012  

34. Zheng M, Yu J, Tian Z. Characterization of the liver-draining lymph nodes 

in mice and their role in mounting regional immunity to HBV. Cell Mol Immunol. 

2013;10(2):143-150. doi:10.1038/cmi.2012.59. 

35. Ohtani O, Ohtani Y. Lymph circulation in the liver. Anat Rec (Hoboken). 

2008;291(6):643-652. doi:10.1002/ar.20681. 

36. Tanaka M, Iwakiri Y. The Hepatic Lymphatic Vascular System: Structure, 

Function, Markers, and Lymphangiogenesis. Cell Mol Gastroenterol Hepatol. 

2016;2(6):733-749. doi:10.1016/j.jcmgh.2016.09.002.  

37. O'Rahilly R., Müller F. Basic Human Anatomy: a Regional Study of Human 

Structure. Philadelphia: Saunders; 1983.  

38. Nichols FC 3rd, van Heerden JA, Weiland LH: Benign liver tumors. Surg 

Clin North Am. 1989;69(2):297-314. doi:10.1016/s0039-6109(16)44787-0. 

39. Mathieu D, Vilgrain V, Mahfouz AE, Anglade MC, Vullierme MP, Denys A:  

Benign liver tumors. Magn Reson Imaging Clin N Am. 1997;5(2):255-288. 

40. Weimann A, Ringe B, Klempnauer J, et al. Benign liver tumors: differential 

diagnosis and indications for surgery. World J Surg. 1997;21(9):983-991. 

doi:10.1007/s002689900337. 

41. Farges O, Daradkeh S, Bismuth H: Cavernous hemangiomas of the liver: 

are there any indications for resection? World J Surg. 1995;19(1):19-24. 

doi:10.1007/BF00316974. 

http://www.vivo.colostate.edu/hbooks/pathphys/digestion/liver/bloodsys.html


97 
 

42. Bajenaru N, Balaban V, Săvulescu F, Campeanu I, Patrascu T. Hepatic 

hemangioma -review-. J Med Life. 2015;8 Spec Issue(Spec Issue):4-11. 

43. Ishak KG, Rabin L: Benign tumors of the liver. Med Clin North Am. 

1975;59(4):995-1013. doi:10.1016/s0025-7125(16)31998-8. 

44. Dickie B, Dasgupta R, Nair R, et al. Spectrum of hepatic hemangiomas: 

management and outcome. J Pediatr Surg. 2009;44(1):125-133. 

doi:10.1016/j.jpedsurg.2008.10.021. 

45. Goodman Z. Benign tumors of the liver. In Okuda K, Ishak K, eds. 

Neoplasms of the Liver. Tokyo: Springer Japan; 1987:105-125. 

46. Corigliano N, Mercantini P, Amodio PM, et al. Hemoperitoneum from a 

spontaneous rupture of a giant hemangioma of the liver: report of a case. Surg 

Today. 2003;33(6):459-463. doi:10.1007/s10595-002-2514-z. 

47. Griffa B, Basilico V, Bellotti R, Griffa A, Senatore S, Capriata G. Rottura 

spontanea di emangioma gigante sottocapsulare del fegato con emoperitoneo e 

shock emorragico: presentazione di un caso clinico [Spontaneous rupture of giant 

subcapsular hemangioma of the liver with hemoperitoneum and hemorrhagic 

shock: a case report]. Chir Ital. 2005;57(3):389-392. 

48. Vilgrain V, Boulos L, Vullierme MP, Denys A, Terris B, Menu Y. Imaging of 

atypical hemangiomas of the liver with pathologic correlation. Radiographics. 

2000;20(2):379-397. doi:10.1148/radiographics.20.2.g00mc01379. 

49. Edmondson HA, Henderson B, Benton B. Liver-cell adenomas associated 

with use of oral contraceptives. N Engl J Med. 1976;294(9):470-472. 

doi:10.1056/NEJM197602262940904. 

50. Labrune P, Trioche P, Duvaltier I, Chevalier P, Odièvre M. Hepatocellular 

adenomas in glycogen storage disease type I and III: a series of 43 patients and 

review of the literature. J Pediatr Gastroenterol Nutr. 1997;24(3):276-279. 

doi:10.1097/00005176-199703000-00008. 

51. Arsenault TM, Johnson CD, Gorman B, Burgart LJ. Hepatic adenomatosis. 

Mayo Clin Proc. 1996;71(5):478-480. doi:10.4065/71.5.478. 



98 
 

52. Grazioli L, Federle MP, Brancatelli G, Ichikawa T, Olivetti L, Blachar A. 

Hepatic adenomas: imaging and pathologic findings. Radiographics. 

2001;21(4):877-894. doi:10.1148/radiographics.21.4.g01jl04877. 

53. Lencioni R, Bartolozzi C, Cioni D, eds. Focal Liver Lesions. Berlin: 

Springer Verlag; 2005. 

54. Namasivayam S, Salman K, Mittal PK, Martin D, Small WC. Hypervascular 

hepatic focal lesions: spectrum of imaging features. Curr Probl Diagn Radiol. 

2007;36(3):107-123. doi:10.1067/j.cpradiol.2006.12.004. 

55. Vogl TJ, Lencioni R, Hammerstingl RM, Bartolozzi C, eds. Magnetic 

Resonance Imaging in Liver Disease: Technical Approach, Diagnostic Imaging 

of Liver Neoplasms, Focus on a New Superparamagnetic Contrast Agent. 

Stuttgart: George Thieme Verlag; 2003. 

56. Grazioli L, Morana G, Kirchin MA, Schneider G. Accurate differentiation of 

focal nodular hyperplasia from hepatic adenoma at gadobenate dimeglumine-

enhanced MR imaging: prospective study. Radiology. 2005;236(1):166-177. 

doi:10.1148/radiol.2361040338. 

57. Nguyen BN, Fléjou JF, Terris B, Belghiti J, Degott C. Focal nodular 

hyperplasia of the liver: a comprehensive pathologic study of 305 lesions and 

recognition of new histologic forms. Am J Surg Pathol. 1999;23(12):1441-1454. 

doi:10.1097/00000478-199912000-00001. 

58. Brancatelli G, Federle MP, Grazioli L, Blachar A, Peterson MS, Thaete L. 

Focal nodular hyperplasia: CT findings with emphasis on multiphasic helical CT 

in 78 patients. Radiology. 2001;219(1):61-68. 

doi:10.1148/radiology.219.1.r01ap0361. 

59. Mazza OM, Fernandez DL, Pekolj J, et al. Management of nonparasitic 

hepatic cysts. J Am Coll Surg. 2009;209(6):733-739. 

doi:10.1016/j.jamcollsurg.2009.09.006. 

60. Onori P, Franchitto A, Mancinelli R, et al. Polycystic liver diseases. Dig 

Liver Dis. 2010;42(4):261-271. doi:10.1016/j.dld.2010.01.006. 



99 
 

61. Lantinga MA, Gevers TJ, Drenth JP. Evaluation of hepatic cystic lesions. 

World J Gastroenterol. 2013;19(23):3543-3554. doi:10.3748/wjg.v19.i23.3543. 

62. Koplay M, Hacioglu A, Algin M. Hepatic Lipoma: Radiological Imaging 

Findings. Surgical Science. 2011;02(07):363-365. doi:10.4236/ss.2011.27079. 

63. Martí-Bonmatí L, Menor F, Vizcaino I, Vilar J. Lipoma of the liver: US, CT, 

and MRI appearance. Gastrointest Radiol. 1989;14(2):155-157. 

doi:10.1007/BF01889182. 

64. Quinn AM, Guzman-Hartman G. Pseudolipoma of Glisson capsule. Arch 

Pathol Lab Med. 2003;127(4):503-504. doi:10.5858/2003-127-0503-POGC. 

65. Reddy O, Gafoor J, Suresh B, Prasad P. Lipoma in liver: A rare 

presentation. J Dr NTR Univ Health Sci. 2015;4(3):185. doi:10.4103/2277-

8632.165398. 

66. Hawkins EP, Jordan GL, McGavran MH. Primary leiomyoma of the liver. 

Successful treatment by lobectomy and presentation of criteria for diagnosis. Am 

J Surg Pathol. 1980;4(3):301-304. 

67. Herzberg AJ, MacDonald JA, Tucker JA, Humphrey PA, Meyers WC. 

Primary leiomyoma of the liver. Am J Gastroenterol. 1990;85(12):1642-1645. 

68. Iwatsuki S, Todo S, Starzl TE. Excisional therapy for benign hepatic 

lesions. Surg Gynecol Obstet. 1990;171(3):240-246. 

69. Marin D, Catalano C, Rossi M, et al. Gadobenate dimeglumine-enhanced 

magnetic resonance imaging of primary leiomyoma of the liver. J Magn Reson 

Imaging. 2008;28(3):755-758. doi:10.1002/jmri.21519. 

70. Ananthakrishnan A, Gogineni V, Saeian K. Epidemiology of primary and 

secondary liver cancers. Semin Intervent Radiol. 2006;23(1):47-63. 

doi:10.1055/s-2006-939841. 

71. El-Serag HB, Davila JA. Surveillance for hepatocellular carcinoma: in 

whom and how?. Therap Adv Gastroenterol. 2011;4(1):5-10. 

doi:10.1177/1756283X10385964. 



100 
 

72. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and 

molecular carcinogenesis. Gastroenterology. 2007;132(7):2557-2576. 

doi:10.1053/j.gastro.2007.04.061. 

73. The Global Cancer Observatory. International Agency for Research on 

Cancer. Word Health Organization. Liver fact sheet. moz-extension://a65f0a24-

8ca4-42cf-ab93-d3e3402094f6/enhanced-

reader.html?openApp&pdf=https%3A%2F%2Fgco.iarc.fr%2Ftoday%2Fdata%2

Ffactsheets%2Fcancers%2F11-Liver-fact-sheet.pdf. Accessed January 2, 2021. 

74. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet. 

2003;362(9399):1907-1917. doi:10.1016/S0140-6736(03)14964-1. 

75. Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular carcinoma 

incidence, mortality, and survival trends in the United States from 1975 to 2005. 

J Clin Oncol. 2009;27(9):1485-1491. doi:10.1200/JCO.2008.20.7753. 

76. D'Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic 

indicators of survival in cirrhosis: a systematic review of 118 studies. J Hepatol. 

2006;44(1):217-231. doi:10.1016/j.jhep.2005.10.013. 

77. Kew MC, Popper H. Relationship between hepatocellular carcinoma and 

cirrhosis. Semin Liver Dis. 1984;4(2):136-146. doi:10.1055/s-2008-1040653.  

78. Tsukuma H, Hiyama T, Tanaka S, et al. Risk factors for hepatocellular 

carcinoma among patients with chronic liver disease. N Engl J Med. 

1993;328(25):1797-1801. doi:10.1056/NEJM199306243282501 

79. Beasley RP, Hwang LY, Lin CC, Chien CS. Hepatocellular carcinoma and 

hepatitis B virus. A prospective study of 22 707 men in Taiwan. Lancet. 

1981;2(8256):1129-1133. doi:10.1016/s0140-6736(81)90585-7. 

80. Kew MC. Hepatitis C virus and hepatocellular carcinoma. FEMS Microbiol 

Rev. 1994;14(3):211-219. doi:10.1111/j.1574-6976.1994.tb00091.x. 

81.   Kubicka S, Rudolph KL, Hanke M, et al. Hepatocellular carcinoma in 

Germany: a retrospective epidemiological study from a low-endemic area. Liver. 

2000;20(4):312-318. doi:10.1034/j.1600-0676.2000.020004312.x. 



101 
 

82. Beasley RP. Hepatitis B virus. The major etiology of hepatocellular 

carcinoma. Cancer. 1988;61(10):1942-1956. doi:10.1002/1097-

0142(19880515)61:10<1942::aid-cncr2820611003>3.0.co;2-j. 

83. Deuffic S, Poynard T, Buffat L, Valleron AJ. Trends in primary liver cancer. 

Lancet. 1998;351(9097):214-215. doi:10.1016/S0140-6736(05)78179-4. 

84. El-Serag HB, Mason AC. Rising incidence of hepatocellular carcinoma in 

the United States. N Engl J Med. 1999;340(10):745-750. 

doi:10.1056/NEJM199903113401001. 

85. Taylor-Robinson SD, Foster GR, Arora S, Hargreaves S, Thomas HC. 

Increase in primary liver cancer in the UK, 1979-94. Lancet. 

1997;350(9085):1142-1143. doi:10.1016/S0140-6736(05)63789-0. 

86. Yu MW, Chen CJ. Hepatitis B and C viruses in the development of 

hepatocellular carcinoma. Crit Rev Oncol Hematol. 1994;17(2):71-91. 

doi:10.1016/1040-8428(94)90020-5. 

87. Mínguez B, Tovar V, Chiang D, Villanueva A, Llovet JM. Pathogenesis of 

hepatocellular carcinoma and molecular therapies. Curr Opin Gastroenterol. 

2009;25(3):186-194. doi:10.1097/MOG.0b013e32832962a1. 

88. Villanueva A, Newell P, Chiang DY, Friedman SL, Llovet JM. Genomics 

and signaling pathways in hepatocellular carcinoma. Semin Liver Dis. 

2007;27(1):55-76. doi:10.1055/s-2006-960171. 

89. Yeh FS, Yu MC, Mo CC, Luo S, Tong MJ, Henderson BE. Hepatitis B virus, 

aflatoxins, and hepatocellular carcinoma in southern Guangxi, China. Cancer 

Res. 1989;49(9):2506-2509. 

90. Wu HC, Wang Q, Yang HI, et al. Aflatoxin B1 exposure, hepatitis B virus 

infection, and hepatocellular carcinoma in Taiwan. Cancer Epidemiol Biomarkers 

Prev. 2009;18(3):846-853. doi:10.1158/1055-9965.EPI-08-0697. 

91. Kew MC, Yu MC, Kedda MA, Coppin A, Sarkin A, Hodkinson J. The 

relative roles of hepatitis B and C viruses in the etiology of hepatocellular 



102 
 

carcinoma in southern African blacks. Gastroenterology. 1997;112(1):184-187. 

doi:10.1016/s0016-5085(97)70233-6. 

92. Donato F, Tagger A, Gelatti U, et al. Alcohol and hepatocellular carcinoma: 

the effect of lifetime intake and hepatitis virus infections in men and women. Am 

J Epidemiol. 2002;155(4):323-331. doi:10.1093/aje/155.4.323. 

93. Kauppinen R, Mustajoki P. Acute hepatic porphyria and hepatocellular 

carcinoma. Br J Cancer. 1988;57(1):117-120. doi:10.1038/bjc.1988.23. 

94. Andant C, Puy H, Bogard C, et al. Hepatocellular carcinoma in patients 

with acute hepatic porphyria: frequency of occurrence and related factors. J 

Hepatol. 2000;32(6):933-939. doi:10.1016/s0168-8278(00)80097-5. 

95. van Spronsen FJ, Bijleveld CM, van Maldegem BT, Wijburg FA. 

Hepatocellular carcinoma in hereditary tyrosinemia type I despite 2-(2 nitro-4-3 

trifluoro- methylbenzoyl)-1, 3-cyclohexanedione treatment. J Pediatr 

Gastroenterol Nutr. 2005;40(1):90-93. doi:10.1097/00005176-200501000-

00017. 

96. Reynolds AR, Furlan A, Fetzer DT, et al. Infiltrative hepatocellular 

carcinoma: what radiologists need to know. Radiographics. 2015;35(2):371-86. 

doi:10.1148/rg.352140114. 

97. Parente DB, Perez RM, Eiras-Araujo A, et al. MR imaging of hypervascular 

lesions in the cirrhotic liver: a diagnostic dilemma. Radiographics. 

2012;32(3):767-87. doi:10.1148/rg.323115131.  

98. Oliver JH 3rd, Baron RL. Helical biphasic contrast-enhanced CT of the 

liver: technique, indications, interpretation, and pitfalls. Radiology. 1996;201(1):1-

14. doi:10.1148/radiology.201.1.8816509. 

99. Kelley RK, Venook AP. Sorafenib in hepatocellular carcinoma: separating 

the hype from the hope. J Clin Oncol. 2008;26(36):5845-5848. 

doi:10.1200/JCO.2008.19.7996. 



103 
 

100. Llovet JM, Schwartz M, Mazzaferro V. Resection and liver transplantation 

for hepatocellular carcinoma. Semin Liver Dis. 2005;25(2):181-200. 

doi:10.1055/s-2005-871198. 

101. Mazzaferro V, Bhoori S, Sposito C, et al. Milan criteria in liver 

transplantation for hepatocellular carcinoma: an evidence-based analysis of 15 

years of experience. Liver Transpl. 2011;17 Suppl 2:S44-S57. 

doi:10.1002/lt.22365. 

102. Llovet JM, Fuster J, Bruix J; Barcelona-Clínic Liver Cancer Group. The 

Barcelona approach: diagnosis, staging, and treatment of hepatocellular 

carcinoma. Liver Transpl. 2004;10(2 Suppl 1):S115-S120. doi:10.1002/lt.20034. 

103. European Association For The Study Of The Liver; European Organisation 

For Research And Treatment Of Cancer. EASL-EORTC clinical practice 

guidelines: management of hepatocellular carcinoma [published correction 

appears in J Hepatol. 2012 Jun;56(6):1430]. J Hepatol. 2012;56(4):908-943. 

doi:10.1016/j.jhep.2011.12.001. 

104. Young AL, Adair R, Prasad KR, Toogood GJ, Lodge JP. Hepatocellular 

carcinoma within a noncirrhotic, nonfibrotic, seronegative liver: surgical 

approaches and outcomes. J Am Coll Surg. 2012;214(2):174-183. 

doi:10.1016/j.jamcollsurg.2011.10.005. 

105. Zhou XD, Tang ZY, Yang BH, et al. Experience of 1000 patients who 

underwent hepatectomy for small hepatocellular carcinoma. Cancer. 

2001;91(8):1479-1486. doi:10.1002/1097-0142(20010415)91:8<1479::aid-

cncr1155>3.0.co;2-0. 

106. Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Long-term survival and pattern 

of recurrence after resection of small hepatocellular carcinoma in patients with 

preserved liver function: implications for a strategy of salvage transplantation. 

Ann Surg. 2002;235(3):373-382. 

107. Lee KK, Kim DG, Moon IS, Lee MD, Park JH. Liver transplantation versus 

liver resection for the treatment of hepatocellular carcinoma. J Surg Oncol. 

2010;101(1):47-53. doi:10.1002/jso.21415. 



104 
 

108. Cucchetti A, Ercolani G, Vivarelli M, et al. Is portal hypertension a 

contraindication to hepatic resection?. Ann Surg. 2009;250(6):922-928. 

doi:10.1097/SLA.0b013e3181b977a5. 

109. Makuuchi M, Sano K. The surgical approach to HCC: our progress and 

results in Japan. Liver Transpl. 2004;10(2 Suppl 1):S46-S52. 

doi:10.1002/lt.20044. 

110. Chen XP, Qiu FZ, Wu ZD, Zhang BX. Hepatectomy for huge hepatocellular 

carcinoma in 634 cases. World J Gastroenterol. 2006;12(29):4652-4655. 

doi:10.3748/wjg.v12.i29.4652. 

111. Fukuda S, Okuda K, Imamura M, Imamura I, Eriguchi N, Aoyagi S. Surgical 

resection combined with chemotherapy for advanced hepatocellular carcinoma 

with tumor thrombus: report of 19 cases. Surgery. 2002;131(3):300-310. 

doi:10.1067/msy.2002.120668. 

112. Yang T, Lin C, Zhai J, et al. Surgical resection for advanced hepatocellular 

carcinoma according to Barcelona Clinic Liver Cancer (BCLC) staging. J Cancer 

Res Clin Oncol. 2012;138(7):1121-1129. doi:10.1007/s00432-012-1188-0. 

113. Belghiti J, Kianmanesh R. Surgical treatment of hepatocellular carcinoma. 

HPB (Oxford). 2005;7(1):42-49. doi:10.1080/13651820410024067. 

114. Ishizawa T, Hasegawa K, Aoki T, et al. Neither multiple tumors nor portal 

hypertension are surgical contraindications for hepatocellular carcinoma. 

Gastroenterology. 2008;134(7):1908-1916. doi:10.1053/j.gastro.2008.02.091. 

115. Ng KK, Vauthey JN, Pawlik TM, et al. Is hepatic resection for large or 

multinodular hepatocellular carcinoma justified? Results from a multi-institutional 

database. Ann Surg Oncol. 2005;12(5):364-373. doi:10.1245/ASO.2005.06.004. 

116. Ruzzenente A, Valdegamberi A, Campagnaro T, et al. Hepatocellular 

carcinoma in cirrhotic patients with portal hypertension: is liver resection always 

contraindicated?. World J Gastroenterol. 2011;17(46):5083-5088. 

doi:10.3748/wjg.v17.i46.5083. 



105 
 

117. Kawano Y, Sasaki A, Kai S, et al. Short- and long-term outcomes after 

hepatic resection for hepatocellular carcinoma with concomitant esophageal 

varices in patients with cirrhosis. Ann Surg Oncol. 2008;15(6):1670-1676. 

doi:10.1245/s10434-008-9880-7. 

118. Jarnagin WR. Management of small hepatocellular carcinoma: a review of 

transplantation, resection, and ablation. Ann Surg Oncol. 2010;17(5):1226-1233. 

doi:10.1245/s10434-010-0978-3. 

119. Pagano MA, Tibaldi E, Gringeri E, Brunati AM. Tyrosine phosphorylation 

and liver regeneration: A glance at intracellular transducers. IUBMB Life. 

2012;64(1):27-35. doi:10.1002/iub.576. 

120. Breitenstein S, Apestegui C, Petrowsky H, Clavien PA. "State of the art" in 

liver resection and living donor liver transplantation: a worldwide survey of 100 

liver centers. World J Surg. 2009;33(4):797-803. doi:10.1007/s00268-008-9878-

0. 

121. Thakrar PD, Madoff DC. Preoperative portal vein embolization: an 

approach to improve the safety of major hepatic resection. Semin Roentgenol. 

2011;46(2):142-153. doi:10.1053/j.ro.2010.08.003. 

122. Farges O, Belghiti J, Kianmanesh R, et al. Portal vein embolization before 

right hepatectomy: prospective clinical trial. Ann Surg. 2003;237(2):208-217. 

doi:10.1097/01.SLA.0000048447.16651.7B. 

123. Roayaie S, Obeidat K, Sposito C, et al. Resection of hepatocellular cancer 

≤2 cm: results from two Western centers. Hepatology. 2013;57(4):1426-1435. 

doi:10.1002/hep.25832. 

124. Chang WT, Kao WY, Chau GY, et al. Hepatic resection can provide long-

term survival of patients with non-early-stage hepatocellular carcinoma: 

extending the indication for resection?. Surgery. 2012;152(5):809-820. 

doi:10.1016/j.surg.2012.03.024. 

125.  Hanazaki K, Kajikawa S, Shimozawa N, et al. Survival and recurrence 

after hepatic resection of 386 consecutive patients with hepatocellular carcinoma. 

J Am Coll Surg. 2000;191(4):381-388. doi:10.1016/s1072-7515(00)00700-6.  



106 
 

126. Portolani N, Coniglio A, Ghidoni S, et al. Early and late recurrence after 

liver resection for hepatocellular carcinoma: prognostic and therapeutic 

implications. Ann Surg. 2006;243(2):229-235. 

doi:10.1097/01.sla.0000197706.21803.a1. 

127. Kudo M. Adjuvant therapy after curative treatment for hepatocellular 

carcinoma. Oncology. 2011;81 Suppl 1:50-55. doi:10.1159/000333259. 

128. Chan AC, Poon RT, Cheung TT, et al. Survival analysis of re-resection 

versus radiofrequency ablation for intrahepatic recurrence after hepatectomy for 

hepatocellular carcinoma. World J Surg. 2012;36(1):151-156. 

doi:10.1007/s00268-011-1323-0. 

129. Del Gaudio M, Ercolani G, Ravaioli M, et al. Liver transplantation for 

recurrent hepatocellular carcinoma on cirrhosis after liver resection: University of 

Bologna experience. Am J Transplant. 2008;8(6):1177-1185. doi:10.1111/j.1600-

6143.2008.02229.x. 

130. Hu Z, Zhou J, Xu X, et al. Salvage liver transplantation is a reasonable 

option for selected patients who have recurrent hepatocellular carcinoma after 

liver resection. PLoS One. 2012;7(5):e36587. 

doi:10.1371/journal.pone.0036587. 

131. Miyake Y, Takaki A, Iwasaki Y, Yamamoto K. Meta-analysis: interferon-

alpha prevents the recurrence after curative treatment of hepatitis C virus-related 

hepatocellular carcinoma. J Viral Hepat. 2010;17(4):287-292. 

doi:10.1111/j.1365-2893.2009.01181.x. 

132. Shen YC, Hsu C, Chen LT, Cheng CC, Hu FC, Cheng AL. Adjuvant 

interferon therapy after curative therapy for hepatocellular carcinoma (HCC): a 

meta-regression approach. J Hepatol. 2010;52(6):889-894. 

doi:10.1016/j.jhep.2009.12.041. 

133. Singal AG, Waljee AK, Shiffman M, Bacon BR, Schoenfeld PS. Meta-

analysis: re-treatment of genotype I hepatitis C nonresponders and relapsers 

after failing interferon and ribavirin combination therapy. Aliment Pharmacol Ther. 

2010;32(8):969-983. doi:10.1111/j.1365-2036.2010.04427.x. 



107 
 

134. Yamasaki S, Hasegawa H, Kinoshita H, et al. A prospective randomized 

trial of the preventive effect of pre-operative transcatheter arterial embolization 

against recurrence of hepatocellular carcinoma. Jpn J Cancer Res. 

1996;87(2):206-211. doi:10.1111/j.1349-7006.1996.tb03160.x. 

135. Lau WY, Leung TW, Ho SK, et al. Adjuvant intra-arterial iodine-131-

labelled lipiodol for resectable hepatocellular carcinoma: a prospective 

randomised trial. Lancet. 1999;353(9155):797-801. doi:10.1016/s0140-

6736(98)06475-7. 

136. Boucher E, Corbinais S, Rolland Y, et al. Adjuvant intra-arterial injection of 

iodine-131-labeled lipiodol after resection of hepatocellular carcinoma. 

Hepatology. 2003;38(5):1237-1241. doi:10.1053/jhep.2003.50473. 

137. Takayama T, Sekine T, Makuuchi M, et al. Adoptive immunotherapy to 

lower postsurgical recurrence rates of hepatocellular carcinoma: a randomised 

trial [published correction appears in Lancet 2000 Nov 11;356(9242):1690]. 

Lancet. 2000;356(9232):802-807. doi:10.1016/S0140-6736(00)02654-4. 

138. Muto Y, Moriwaki H, Ninomiya M, et al. Prevention of second primary 

tumors by an acyclic retinoid, polyprenoic acid, in patients with hepatocellular 

carcinoma. Hepatoma Prevention Study Group. N Engl J Med. 

1996;334(24):1561-1567. doi:10.1056/NEJM199606133342402. 

139. Okita K, Matsui O, Kumada H, et al. Effect of peretinoin on recurrence of 

hepatocellular carcinoma (HCC): Results of a phase II/III randomized placebo-

controlled trial. J Clin Oncol. 2010;28(15_suppl):4024-4024. 

doi:10.1200/jco.2010.28.15_suppl.4024. 

140. Yoshida H, Shiratori Y, Kudo M, et al. Effect of vitamin K2 on the 

recurrence of hepatocellular carcinoma. Hepatology. 2011;54(2):532-540. 

doi:10.1002/hep.24430. 

141. Samuel M, Chow PK, Chan Shih-Yen E, Machin D, Soo KC. Neoadjuvant 

and adjuvant therapy for surgical resection of hepatocellular carcinoma. 

Cochrane Database Syst Rev. 2009;(1):CD001199. 

doi:10.1002/14651858.CD001199.pub2. 



108 
 

142. Kaido T, Mori A, Ogura Y, et al. Living donor liver transplantation for 

recurrent hepatocellular carcinoma after liver resection. Surgery. 2012;151(1):55-

60. doi:10.1016/j.surg.2011.06.032.  

143. Adam R, Karam V, Delvart V, et al. Evolution of indications and results of 

liver transplantation in Europe. A report from the European Liver Transplant 

Registry (ELTR). J Hepatol. 2012;57(3):675-688. 

doi:10.1016/j.jhep.2012.04.015. 

144. Siciliano M, Parlati L, Maldarelli F, Rossi M, Ginanni Corradini S. Liver 

transplantation in adults: Choosing the appropriate timing. World J Gastrointest 

Pharmacol Ther. 2012;3(4):49-61. doi:10.4292/wjgpt.v3.i4.49. 

145. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the 

treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl J 

Med. 1996;334(11):693-699. doi:10.1056/NEJM199603143341104.  

146. Wald C, Russo MW, Heimbach JK, Hussain HK, Pomfret EA, Bruix J. New 

OPTN/UNOS policy for liver transplant allocation: standardization of liver 

imaging, diagnosis, classification, and reporting of hepatocellular carcinoma. 

Radiology. 2013;266(2):376-382. doi:10.1148/radiol.12121698.  

147. Deschênes M, Villeneuve JP, Dagenais M, et al. Lack of relationship 

between preoperative measures of the severity of cirrhosis and short-term 

survival after liver transplantation. Liver Transpl Surg. 1997;3(5):532-537. 

doi:10.1002/lt.500030509. 

148. Bilbao I, Armadans L, Lazaro JL, Hidalgo E, Castells L, Margarit C. 

Predictive factors for early mortality following liver transplantation. Clin 

Transplant. 2003;17(5):401-411. doi:10.1034/j.1399-0012.2003.00068.x.  

149. Foxton MR, Kendrick S, Sizer E, et al. Change in model for end-stage liver 

disease score on the transplant waiting list predicts survival in patients 

undergoing liver transplantation. Transpl Int. 2006;19(12):988-994. 

doi:10.1111/j.1432-2277.2006.00377.x. 

150. Cholongitas E, Burroughs AK. The evolution in the prioritization for liver 

transplantation. Ann Gastroenterol. 2012;25(1):6-13. 



109 
 

151. Vogl TJ, Nour-Eldin NA, Hammerstingl RM, Panahi B, Naguib NNN. 

[Mikrowellenablation (MWA): Grundlagen, Technik und Ergebnisse in primären 

und sekundären Lebertumoren - Übersichtsarbeit.] Microwave Ablation (MWA): 

Basics, Technique and Results in Primary and Metastatic Liver Neoplasms - 

Review Article. Rofo. 2017;189(11):1055-1066. doi:10.1055/s-0043-117410. 

152. Lencioni R, Cioni D, Crocetti L, Bartolozzi C. Percutaneous ablation of 

hepatocellular carcinoma: state-of-the-art. Liver Transpl. 2004;10(2 Suppl 

1):S91-S97. doi:10.1002/lt.20043. 

153. Llovet JM, Real MI, Montaña X, et al. Arterial embolisation or 

chemoembolisation versus symptomatic treatment in patients with unresectable 

hepatocellular carcinoma: a randomised controlled trial. Lancet. 

2002;359(9319):1734-1739. doi:10.1016/S0140-6736(02)08649-X. 

154. Inchingolo R, Posa A, Mariappan M, Spiliopoulos S. Locoregional 

treatments for hepatocellular carcinoma: Current evidence and future directions. 

World J Gastroenterol. 2019;25(32):4614-4628. doi:10.3748/wjg.v25.i32.4614. 

155. Zhou J, Sun HC, Wang Z, et al. Guidelines for Diagnosis and Treatment 

of Primary Liver Cancer in China (2017 Edition). Liver Cancer. 2018;7(3):235-

260. doi:10.1159/000488035. 

156. Shiina S, Tateishi R, Imamura M, et al. Percutaneous ethanol injection for 

hepatocellular carcinoma: 20-year outcome and prognostic factors. Liver Int. 

2012;32(9):1434-1442. doi:10.1111/j.1478-3231.2012.02838.x. 

157. Huo TI, Huang YH, Wu JC, Lee PC, Chang FY, Lee SD. Comparison of 

percutaneous acetic acid injection and percutaneous ethanol injection for 

hepatocellular carcinoma in cirrhotic patients: a prospective study. Scand J 

Gastroenterol. 2003;38(7):770-778. doi:10.1080/00365520310003048. 

158. Hong CW, Libutti SK, Wood BJ. Liposomal doxorubicin plus 

radiofrequency ablation for complete necrosis of a hepatocellular carcinoma. Curr 

Oncol. 2013;20(3):e274-e277. doi:10.3747/co.20.1266. 



110 
 

159. Shiina S, Tateishi R, Arano T, et al. Radiofrequency ablation for 

hepatocellular carcinoma: 10-year outcome and prognostic factors. Am J 

Gastroenterol. 2012;107(4):569-578. doi:10.1038/ajg.2011.425. 

160. Shibata T, Iimuro Y, Yamamoto Y, et al. Small hepatocellular carcinoma: 

comparison of radio-frequency ablation and percutaneous microwave 

coagulation therapy. Radiology. 2002;223(2):331-337. 

doi:10.1148/radiol.2232010775. 

161. Vogl TJ, Gruber-Rouh T. HCC: Transarterial Therapies-What the 

Interventional Radiologist Can Offer. Dig Dis Sci. 2019;64(4):959-967. 

doi:10.1007/s10620-019-05542-5. 

162. Maluccio M, Covey AM, Gandhi R, et al. Comparison of survival rates after 

bland arterial embolization and ablation versus surgical resection for treating 

solitary hepatocellular carcinoma up to 7 cm. J Vasc Interv Radiol. 

2005;16(7):955-961. doi:10.1097/01.RVI.0000161377.33557.20. 

163. Tsochatzis EA, Fatourou E, O'Beirne J, Meyer T, Burroughs AK. 

Transarterial chemoembolization and bland embolization for hepatocellular 

carcinoma. World J Gastroenterol. 2014;20(12):3069-3077. 

doi:10.3748/wjg.v20.i12.3069. 

164. Ramsey DE, Kernagis LY, Soulen MC, Geschwind JF. 

Chemoembolization of hepatocellular carcinoma. J Vasc Interv Radiol. 2002;13(9 

Pt 2):S211-S221. doi:10.1016/s1051-0443(07)61789-8.    

165. Ahrar K, Gupta S. Hepatic artery embolization for hepatocellular 

carcinoma: technique, patient selection, and outcomes. Surg Oncol Clin N Am. 

2003;12(1):105-126. doi:10.1016/s1055-3207(02)00089-3.  

166. Massmann A, Rodt T, Marquardt S, et al. Transarterial chemoembolization 

(TACE) for colorectal liver metastases – current status and critical review. 

Langenbecks Arch Surg. 2015;400(6):641-659. doi:10.1007/s00423-015-1308-9.    

167. Gruber-Rouh T, Naguib NN, Eichler K, et al. Transarterial 

chemoembolization of unresectable systemic chemotherapy-refractory liver 



111 
 

metastases from colorectal cancer: long-term results over a 10-year period. Int J 

Cancer. 2014;134(5):1225-1231. doi:10.1002/ijc.28443.    

168. Chang J, Charalel R, Noda C, et al. Liver-dominant Breast Cancer 

Metastasis: A Comparative Outcomes Study of Chemoembolization Versus 

Radioembolization. Anticancer Res. 2018;38(5):3063-3068. 

doi:10.21873/anticanres.12563.    

169. Wang M, Zhang J, Ji S, et al. Transarterial chemoembolisation for breast 

cancer with liver metastasis: A systematic review. Breast. 2017;36:25-30. 

doi:10.1016/j.breast.2017.09.001.    

170. Alexander ES, Soulen MC. Liver Metastases From Noncolorectal 

Malignancies (Neuroendocrine Tumor, Sarcoma, Melanoma, Breast). Cancer J. 

2016;22(6):381-386. doi:10.1097/PPO.0000000000000232.    

171. Topaloglu S, Ozturk MH. Chemoembolization for neuroendocrine liver 

metastasis. Hepatogastroenterology. 2014;61(130):398-404.    

172. Grozinsky-Glasberg S, Kaltsas G, Kaltsatou M, et al. Hepatic intra-arterial 

therapies in metastatic neuroendocrine tumors: lessons from clinical practice. 

Endocrine. 2018;60(3):499-509. doi:10.1007/s12020-018-1537-0. 

173. Lammer J, Malagari K, Vogl T, et al. Prospective randomized study of 

doxorubicin-eluting-bead embolization in the treatment of hepatocellular 

carcinoma: results of the PRECISION V study. Cardiovasc Intervent Radiol. 

2010;33(1):41-52. doi:10.1007/s00270-009-9711-7. 

174. Varela M, Real MI, Burrel M, et al. Chemoembolization of hepatocellular 

carcinoma with drug eluting beads: efficacy and doxorubicin pharmacokinetics. J 

Hepatol. 2007;46(3):474-481. doi:10.1016/j.jhep.2006.10.020.    

175. Poon RT, Tso WK, Pang RW, et al. A phase I/II trial of chemoembolization 

for hepatocellular carcinoma using a novel intra-arterial drug-eluting bead. Clin 

Gastroenterol Hepatol. 2007;5(9):1100-1108. doi:10.1016/j.cgh.2007.04.021.    



112 
 

176. Nam HC, Jang B, Song MJ. Transarterial chemoembolization with drug-

eluting beads in hepatocellular carcinoma. World J Gastroenterol. 

2016;22(40):8853-8861. doi:10.3748/wjg.v22.i40.8853.  

177. Lencioni R, de Baere T, Burrel M, et al. Transcatheter treatment of 

hepatocellular carcinoma with Doxorubicin-loaded DC Bead (DEBDOX): 

technical recommendations. Cardiovasc Intervent Radiol. 2012;35(5):980-985. 

doi:10.1007/s00270-011-0287-7. 

178. Gruber-Rouh T, Marko C, Thalhammer A, et al. Current strategies in 

interventional oncology of colorectal liver metastases. Br J Radiol. 

2016;89(1064):20151060. doi:10.1259/bjr.20151060. 

179. Fiorentini G, Aliberti C, Tilli M, et al. Intra-arterial infusion of irinotecan-

loaded drug-eluting beads (DEBIRI) versus intravenous therapy (FOLFIRI) for 

hepatic metastases from colorectal cancer: final results of a phase III study 

[published correction appears in Anticancer Res. 2013 Nov;33(11):5211]. 

Anticancer Res. 2012;32(4):1387-1395. 

180. Golfieri R, Bilbao JI, Carpanese L, et al. Comparison of the survival and 

tolerability of radioembolization in elderly vs. younger patients with unresectable 

hepatocellular carcinoma. J Hepatol. 2013;59(4):753-761. 

doi:10.1016/j.jhep.2013.05.025.  

181. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced 

hepatocellular carcinoma. N Engl J Med. 2008;359(4):378-390. 

doi:10.1056/NEJMoa0708857. 

182. Cholongitas E, Papatheodoridis GV, Vangeli M, Terreni N, Patch D, 

Burroughs AK. Systematic review: The model for end-stage liver disease – should 

it replace Child-Pugh's classification for assessing prognosis in cirrhosis?. 

Aliment Pharmacol Ther. 2005;22(11-12):1079-1089. doi:10.1111/j.1365-

2036.2005.02691.x. 

183. Child CG, Turcotte JG. Surgery and portal hypertension. Major Probl Clin 

Surg. 1964;1:1-85. 



113 
 

184. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. 

Transection of the oesophagus for bleeding oesophageal varices. Br J Surg. 

1973;60(8):646-649. doi:10.1002/bjs.1800600817. 

185. Freeman RB Jr, Wiesner RH, Harper A, et al. The new liver allocation 

system: moving toward evidence-based transplantation policy. Liver Transpl. 

2002;8(9):851-858. doi:10.1053/jlts.2002.35927. 

186. Kamath PS, Kim WR; Advanced Liver Disease Study Group. The model 

for end-stage liver disease (MELD). Hepatology. 2007;45(3):797-805. 

doi:10.1002/hep.21563. 

187. Lau T, Ahmad J. Clinical applications of the Model for End-Stage Liver 

Disease (MELD) in hepatic medicine. Hepat Med. 2013;5:1-10. Published 2013 

Feb 11. doi:10.2147/HMER.S9049. 

188. Wiesner R, Edwards E, Freeman R, et al. Model for end-stage liver 

disease (MELD) and allocation of donor livers. Gastroenterology. 

2003;124(1):91-96. doi:10.1053/gast.2003.50016. 

189. Biselli M, Gitto S, Gramenzi A, et al. Six score systems to evaluate 

candidates with advanced cirrhosis for orthotopic liver transplant: Which is the 

winner?. Liver Transpl. 2010;16(8):964-973. doi:10.1002/lt.22093. 

190. Londoño MC, Cárdenas A, Guevara M, et al. MELD score and serum 

sodium in the prediction of survival of patients with cirrhosis awaiting liver 

transplantation. Gut. 2007;56(9):1283-1290. doi:10.1136/gut.2006.102764. 

191. Luca A, Angermayr B, Bertolini G, et al. An integrated MELD model 

including serum sodium and age improves the prediction of early mortality in 

patients with cirrhosis. Liver Transpl. 2007;13(8):1174-1180. 

doi:10.1002/lt.21197. 

192. Barber K, Madden S, Allen J, et al. Elective liver transplant list mortality: 

development of a United Kingdom end-stage liver disease score. 

Transplantation. 2011;92(4):469-476. doi:10.1097/TP.0b013e318225db4d. 



114 
 

193. Subramaniam S, Kelley RK, Venook AP. A review of hepatocellular 

carcinoma (HCC) staging systems. Chin Clin Oncol. 2013;2(4):33. 

doi:10.3978/j.issn.2304-3865.2013.07.05. 

194. Amin MB, Edge SB, Greene FL, et al., eds. AJCC Cancer Staging Manual. 

8th ed. New York: Springer; 2017. 

195. Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: the 

BCLC staging classification. Semin Liver Dis. 1999;19(3):329-338. doi:10.1055/s-

2007-1007122. 

196. Llovet JM, Di Bisceglie AM, Bruix J, et al. Design and endpoints of clinical 

trials in hepatocellular carcinoma. J Natl Cancer Inst. 2008;100(10):698-711. 

doi:10.1093/jnci/djn134. 

197. Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for staging and 

treatment: the BCLC update and future prospects. Semin Liver Dis. 

2010;30(1):61-74. doi:10.1055/s-0030-1247133. 

198. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 

2018;391(10127):1301-1314. doi:10.1016/S0140-6736(18)30010-2. 

199. Okuda K, Ohtsuki T, Obata H, et al. Natural history of hepatocellular 

carcinoma and prognosis in relation to treatment. Study of 850 patients. Cancer. 

1985;56(4):918-928. doi:10.1002/1097-0142(19850815)56:4<918::aid-

cncr2820560437>3.0.co;2-e. 

200. Manghisi G, Elba S, Mossa A, et al. A new prognostic system for 

hepatocellular carcinoma: A retrospective study of 435 patients. Hepatology. 

1998;28(3):751-755. doi:10.1002/hep.510280322. 

201. Kudo M, Chung H, Osaki Y. Prognostic staging system for hepatocellular 

carcinoma (CLIP score): its value and limitations, and a proposal for a new 

staging system, the Japan Integrated Staging Score (JIS score). J Gastroenterol. 

2003;38(3):207-215. doi:10.1007/s005350300038. 



115 
 

202. Kitai S, Kudo M, Minami Y, et al. A new prognostic staging system for 

hepatocellular carcinoma: value of the biomarker combined Japan integrated 

staging score. Intervirology. 2008;51 Suppl 1:86-94. doi:10.1159/000122599.  

203. Yen YH, Changchien CS, Wang JH, et al. A modified TNM-based Japan 

Integrated Score combined with AFP level may serve as a better staging system 

for early-stage predominant hepatocellular carcinoma patients. Dig Liver Dis. 

2009;41(6):431-441. doi:10.1016/j.dld.2008.11.008. 

204. Ikai I, Takayasu K, Omata M, et al. A modified Japan Integrated Stage 

score for prognostic assessment in patients with hepatocellular carcinoma. J 

Gastroenterol. 2006;41(9):884-892. doi:10.1007/s00535-006-1878-y. 

205. Leung TW, Tang AM, Zee B, et al. Construction of the Chinese University 

Prognostic Index for hepatocellular carcinoma and comparison with the TNM 

staging system, the Okuda staging system, and the Cancer of the Liver Italian 

Program staging system: a study based on 926 patients. Cancer. 

2002;94(6):1760-1769. doi:10.1002/cncr.10384. 

206. Subramaniam S, Kelley RK, Venook AP. A review of hepatocellular 

carcinoma (HCC) staging systems. Chin Clin Oncol. 2013;2(4):33. 

doi:10.3978/j.issn.2304-3865.2013.07.05. 

207. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of 

the Eastern Cooperative Oncology Group. Am J Clin Oncol. 1982;5(6):649-655.. 

208. Karnofsky D, Burchenal J. The clinical evaluation of chemotherapeutic 

agents in cancer. In: MacLeod C, ed. Evaluation of Chemotherapeutic Agents. 

New York, NY: Columbia University Press; 1949:191–205.  

209. Edmondson HA: Differential diagnosis of tumors and tumor-like lesions of 

liver in infancy and childhood. AMA J Dis Child. 1956;91(2):168-186. 

doi:10.1001/archpedi.1956.02060020170015. 

210. Berman MM, Libbey NP, Foster JH. Hepatocellular carcinoma. Polygonal 

cell type with fibrous stroma – an atypical variant with a favorable prognosis. 

Cancer. 1980;46(6):1448-1455. doi:10.1002/1097-

0142(19800915)46:6<1448::aid-cncr2820460626>3.0.co;2-j. 



116 
 

211. Klein WM, Molmenti EP, Colombani PM, et al. Primary liver carcinoma 

arising in people younger than 30 years. Am J Clin Pathol. 2005;124(4):512-518. 

doi:10.1309/TT0R7KAL32228E99. 

212. 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. 1980;46(2):372-379. doi:10.1002/1097-

0142(19800715)46:2<372::aid-cncr2820460227>3.0.co;2-s. 

213. El-Serag HB, Davila JA. Is fibrolamellar carcinoma different from 

hepatocellular carcinoma? A US population-based study. Hepatology. 

2004;39(3):798-803. doi:10.1002/hep.20096. 

214. Torbenson M. Review of the clinicopathologic features of fibrolamellar 

carcinoma. Adv Anat Pathol. 2007;14(3):217-223. 

doi:10.1097/PAP.0b013e3180504913. 

215. Kannangai R, Vivekanandan P, Martinez-Murillo F, Choti M, Torbenson M. 

Fibrolamellar carcinomas show overexpression of genes in the RAS, MAPK, 

PIK3, and xenobiotic degradation pathways. Hum Pathol. 2007;38(4):639-644. 

doi:10.1016/j.humpath.2006.07.019. 

216. Sitzmann JV. Conversion of unresectable to resectable liver cancer: an 

approach and follow-up study. World J Surg. 1995;19(6):790-794. 

doi:10.1007/BF00299772. 

217. Soyer P, Roche A, Rougier P, Levesque M. Carcinomes hépatocellulaires 

de type fibrolamellaire non-résécables: évolution de quatre cas traité par 

chimiotherapie intra-arterielle [Nonresectable fibrolamellar hepatocellular 

carcinoma: outcome of 4 cases treated by intra-arterial chemotherapy]. J Belge 

Radiol. 1992;75(6):463-468. 

218.  Smith MT, Blatt ER, Jedlicka P, et al. Best cases from the AFIP: 

fibrolamellar hepatocellular carcinoma. Radiographics. 28(2):609-13. 

doi:10.1148/rg.282075153. 



117 
 

219. Clary B, Jarnigan W, Pitt H, Gores G, Busuttil R, Pappas T. Hilar 

cholangiocarcinoma. J Gastrointest Surg. 2004;8(3):298-302. 

doi:10.1016/j.gassur.2003.12.004. 

220. 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. 1965;38:241-256. doi:10.1016/0002-9343(65)90178-6. 

221. Carriaga MT, Henson DE. Liver, gallbladder, extrahepatic bile ducts, and 

pancreas. Cancer. 1995;75(1 Suppl):171-190. doi:10.1002/1097-

0142(19950101)75:1+<171::aid-cncr2820751306>3.0.co;2-2. 

222. Landis SH, Murray T, Bolden S, Wingo PA. Cancer statistics, 1998 

[published correction appears in CA Cancer J Clin 1998 May-Jun;48(3):192] 

[published correction appears in CA Cancer J Clin 1998 Nov-Dec;48(6):329]. CA 

Cancer J Clin. 1998;48(1):6-29. doi:10.3322/canjclin.48.1.6. 

223. Patel T. Worldwide trends in mortality from biliary tract malignancies. BMC 

Cancer. 2002;2:10. doi:10.1186/1471-2407-2-10. 

224. Shin HR, Oh JK, Masuyer E, et al. Comparison of incidence of intrahepatic 

and extrahepatic cholangiocarcinoma – focus on East and South-Eastern Asia. 

Asian Pac J Cancer Prev. 2010;11(5):1159-1166. 

225. Anderson CD, Pinson CW, Berlin J, Chari RS. Diagnosis and treatment of 

cholangiocarcinoma [published correction appears in Oncologist. 2004;9(5):598]. 

Oncologist. 2004;9(1):43-57. doi:10.1634/theoncologist.9-1-43. 

226. Burke EC, Jarnagin WR, Hochwald SN, Pisters PW, Fong Y, Blumgart LH. 

Hilar Cholangiocarcinoma: patterns of spread, the importance of hepatic 

resection for curative operation, and a presurgical clinical staging system. Ann 

Surg. 1998;228(3):385-394. doi:10.1097/00000658-199809000-00011. 

227.  Chung YE, Kim MJ, Park YN, etal. Varying appearances of 

cholangiocarcinoma: radiologic-pathologic correlation. Radiographics. 29(3):683-

700. doi:10.1148/rg.293085729. 



118 
 

228. Bläker H, Hofmann WJ, Theuer D, Otto HF: Pathohistologische Befunde 

bei Lebermetastasen. Radiologe. 2001; 41:1-7 

229. Lewis RL. Liver and biliary tract tumors. In Goldman L, Ausiello D, eds. 

Cecil Medicine. 23rd ed. Philadelphia, Pa: Saunders Elsevier; 2007. 

230. Hagness M, Foss A, Line PD, et al. Liver transplantation for nonresectable 

liver metastases from colorectal cancer. Ann Surg. 2013;257(5):800-806. 

doi:10.1097/SLA.0b013e3182823957.  

231. Uskudar O, Raja K, Schiano TD, Fiel MI, del Rio Martin J, Chang C. Liver 

transplantation is possible in some patients with liver metastasis of colon cancer. 

Transplant Proc. 2011;43(5):2070-2074. 

doi:10.1016/j.transproceed.2011.03.052.  

232. Dueland S, Guren TK, Hagness M, et al. Chemotherapy or liver 

transplantation for nonresectable liver metastases from colorectal cancer?. Ann 

Surg. 2015;261(5):956-960. doi:10.1097/SLA.0000000000000786.  

233. Locker GY, Doroshow JH, Zwelling LA, Chabner BA. The clinical features 

of hepatic angiosarcoma: a report of four cases and a review of the English 

literature. Medicine (Baltimore). 1979;58(1):48-64. doi:10.1097/00005792-

197901000-00003. 

234. Makhlouf HR, Ishak KG, Goodman ZD. Epithelioid hemangioendothelioma 

of the liver: a clinicopathologic study of 137 cases. Cancer. 1999;85(3):562-582. 

doi:10.1002/(sici)1097-0142(19990201)85:3<562::aid-cncr7>3.0.co;2-t. 

235. Koyama T, Fletcher J, Johnson C, Kuo M, Notohara K, Burgart L. Primary 

Hepatic Angiosarcoma: Findings at CT and MR Imaging. Radiology. 

2002;222(3):667-673. doi:10.1148/radiol.2223010877.  

236. Gan LU, Chang R, Jin H, Yang LI. Typical CT and MRI signs of hepatic 

epithelioid hemangioendothelioma. Oncol Lett. 2016;11(3):1699-1706. 

doi:10.3892/ol.2016.4149. 



119 
 

237. Nicolau C, Bianchi L, Vilana R. Gray-scale ultrasound in hepatic cirrhosis 

and chronic hepatitis: diagnosis, screening, and intervention. Semin Ultrasound 

CT MR. 2002;23(1):3-18. doi:10.1016/s0887-2171(02)90026-0. 

238. Bennett GL, Krinsky GA, Abitbol RJ, Kim SY, Theise ND, Teperman LW. 

Sonographic detection of hepatocellular carcinoma and dysplastic nodules in 

cirrhosis: correlation of pretransplantation sonography and liver explant 

pathology in 200 patients. AJR Am J Roentgenol. 2002;179(1):75-80. 

239. Hann LE, Bach AM, Cramer LD, Siegel D, Yoo HH, Garcia R. Hepatic 

sonography: comparison of tissue harmonic and standard sonography 

techniques. AJR Am J Roentgenol. 1999;173(1):201-206. 

doi:10.2214/ajr.173.1.10397127. 

240. Sumida M, Ohto M, Ebara M, Kimura K, Okuda K, Hirooka N. Accuracy of 

angiography in the diagnosis of small hepatocellular carcinoma. AJR Am J 

Roentgenol. 1986;147(3):531-536. doi:10.2214/ajr.147.3.531. 

241. Alfidi RJ, Rastogi H, Buonocore E, Brown CH. Hepatic arteriography. 

Radiology. 1968;90(6):1136-1142. doi:10.1148/90.6.1136. 

242. Oliver JH 3rd, Baron RL, Federle MP, Rockette HE Jr. Detecting 

hepatocellular carcinoma: value of unenhanced or arterial phase CT imaging or 

both used in conjunction with conventional portal venous phase contrast-

enhanced CT imaging. AJR Am J Roentgenol. 1996;167(1):71-77. 

doi:10.2214/ajr.167.1.8659425. 

243. Shaw AS, Dixon AK. Multidetector computed tomography. In Adam A, 

Dixon AK, eds. Grainger & Allison's Diagnostic Radiology: A Textbook of Medical 

Imaging. New York, NY: Churchill Livingstone; 2008:chap 4. 

244. Ma Y, Zhang XL, Li XY, Zhang L, Su HH, Zhan CY: Value of computed 

tomography and magnetic resonance imaging in diagnosis and differential 

diagnosis of small hepatocellular carcinoma. Nan Fang Yi Ke Da Xue Xue Bao. 

2008;28(12):2235-2238. 

245. Kinkel K, Lu Y, Both M, Warren RS, Thoeni RF. Detection of hepatic 

metastases from cancers of the gastrointestinal tract by using noninvasive 



120 
 

imaging methods (US, CT, MR imaging, PET): a meta-analysis. Radiology. 

2002;224(3):748-756. doi:10.1148/radiol.2243011362. 

246. Delbeke D, Martin WH, Sandler MP, Chapman WC, Wright JK Jr, Pinson 

CW. Evaluation of benign vs malignant hepatic lesions with positron emission 

tomography. Arch Surg. 1998;133(5):510-516. doi:10.1001/archsurg.133.5.510. 

247. Black ER. Diagnostic strategies and test algorithms in liver disease. Clin 

Chem. 1997;43(8 Pt 2):1555-1560. 

248. Pratt DS, Kaplan MM. Evaluation of abnormal liver-enzyme results in 

asymptomatic patients. N Engl J Med. 2000;342(17):1266-1271. 

doi:10.1056/NEJM200004273421707. 

249. Giannini EG, Testa R, Savarino V: Liver enzyme alteration: a guide for 

clinicians. CMAJ. 2005;172(3):367-379. doi:10.1503/cmaj.1040752. 

250. Borzio M, Borzio F, Macchi R, et al. The evaluation of fine-needle 

procedures for the diagnosis of focal liver lesions in cirrhosis. J Hepatol. 

1994;20(1):117-121. doi:10.1016/s0168-8278(05)80477-5. 

251. Inoue K, Takayama T, Higaki T, Watanabe Y, Makuuchi M. Clinical 

significance of early hepatocellular carcinoma. Liver Transpl. 2004;10(2 Suppl 

1):S16-S19. doi:10.1002/lt.20049. 

252. Fornari F, Filice C, Rapaccini GL, et al. Small (≤3 cm) hepatic lesions. 

Results of sonographically guided fine-needle biopsy in 385 patients. Dig Dis Sci. 

1994;39(10):2267-2275. doi:10.1007/BF02090383. 

253. Caturelli E, Bartolucci F, Biasini E, et al. Diagnosis of liver nodules 

observed in chronic liver disease patients during ultrasound screening for early 

detection of hepatocellular carcinoma. Am J Gastroenterol. 2002;97(2):397-405. 

doi:10.1111/j.1572-0241.2002.05477.x. 

254. Hayashi PH, Trotter JF, Forman L, et al. Impact of pretransplant diagnosis 

of hepatocellular carcinoma on cadveric liver allocation in the era of MELD. Liver 

Transpl. 2004;10(1):42-48. doi:10.1002/lt.20020. 



121 
 

255. Caturelli E, Ghittoni G, Roselli P, De Palo M, Anti M. Fine needle biopsy of 

focal liver lesions: The hepatologist's point of view. Liver Transpl. 

2004;10(S2):26-29. doi:10.1002/lt.20037. 

256. Dan RG, Creţu OM, Mazilu O, et al. Postoperative morbidity and mortality 

after liver resection. Retrospective study on 133 patients. Chirurgia (Bucur). 

2012;107(6):737-741. 

257. Doci R, Gennari L, Bignami P, et al. Morbidity and mortality after hepatic 

resection of metastases from colorectal cancer. Br J Surg. 1995;82(3):377-381. 

doi:10.1002/bjs.1800820332. 

258. Virani S, Michaelson JS, Hutter MM, et al. Morbidity and mortality after 

liver resection: results of the patient safety in surgery study. J Am Coll Surg. 

2007;204(6):1284-1292. doi:10.1016/j.jamcollsurg.2007.02.067. 

259. Huang GT, Sheu JC, Yang PM, Lee HS, Wang TH, Chen DS. Ultrasound-

guided cutting biopsy for the diagnosis of hepatocellular carcinoma – a study 

based on 420 patients. J Hepatol. 1996;25(3):334-338. doi:10.1016/s0168-

8278(96)80120-6. 

260. Durand F, Regimbeau JM, Belghiti J, et al. Assessment of the benefits and 

risks of percutaneous biopsy before surgical resection of hepatocellular 

carcinoma. J Hepatol. 2001;35(2):254-258. doi:10.1016/s0168-8278(01)00108-

8. 

261. Kim SH, Lim HK, Lee WJ, Cho JM, Jang HJ. Needle-tract implantation in 

hepatocellular carcinoma: frequency and CT findings after biopsy with a 19.5-

gauge automated biopsy gun. Abdom Imaging. 2000;25(3):246-250. 

doi:10.1007/s002610000025. 

262. Ohlsson B, Nilsson J, Stenram U, Akerman M, Tranberg KG. 

Percutaneous fine-needle aspiration cytology in the diagnosis and management 

of liver tumours. Br J Surg. 2002;89(6):757-762. doi:10.1046/j.1365-

2168.2002.02111.x. 

263. Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med. 

2001;344(7):495-500. doi:10.1056/NEJM200102153440706. 



122 
 

264. Hammerstingl RM, Vogl TJ. Abdominal MDCT: protocols and contrast 

considerations. Eur Radiol. 2005;15(Suppl 5):E78-E90. doi: 10.1007/s10406-

005-0169-7.  

265. Brancatelli G, Baron RL, Peterson MS, Marsh W. Helical CT screening for 

hepatocellular carcinoma in patients with cirrhosis: frequency and causes of 

false-positive interpretation. AJR Am J Roentgenol. 2003;180(4):1007-1014. 

doi:10.2214/ajr.180.4.1801007. 

266. Lusic H, Grinstaff MW. X-ray-computed tomography contrast agents. 

Chem Rev. 2013;113(3):1641-1666. doi:10.1021/cr200358s 

267.    Rutten A, Prokop M. Contrast agents in X-ray computed tomography and 

its applications in oncology. Anticancer Agents Med Chem. 2007;7(3):307-316. 

doi:10.2174/187152007780618162. 

268. Robbins JB, Pozniak, MA. Contrast Media Tutorial. Madison, WI; 2010. 

https://www.radiology.wisc.edu/wp-content/uploads/2017/10/contrast-agents-

tutorial.pdf. Accessed October 29, 2017. 

269.  Singh J, Daftary A. Iodinated contrast media and their adverse reactions. 

J Nucl Med Technol. 2008;36(2):69-77. doi:10.2967/jnmt.107.047621. 

270.  Namasivayam S, Kalra MK, Torres WE, Small WC. Adverse reactions to 

intravenous iodinated contrast media: an update. Curr Probl Diagn Radiol. 

2006;35(4):164-169. doi:10.1067/j.cpradiol.2006.04.001. 

271.  Morcos SK, Thomsen HS. Adverse reactions to iodinated contrast media. 

Eur Radiol. 2001;11(7):1267-1275. doi:10.1007/s003300000729. 

272.  Brockow K, Ring J. Anaphylaxis to radiographic contrast media. Curr Opin 

Allergy Clin Immunol. 2011;11(4):326-331. doi:10.1097/ACI.0b013e32834877c3. 

273.  Li X, Liu H, Zhao L, et al. Clinical observation of adverse drug reactions to 

non-ionic iodinated contrast media in population with underlying diseases and 

risk factors. Br J Radiol. 2017;90(1070):20160729. doi:10.1259/bjr.20160729. 

274.  Schild H. Seh'n oder nicht seh'n. Alles über Kontrastmittel, … na ja fast. 

Berlin: Bayer Schering; 2008. 



123 
 

275.  Park HJ, Son JH, Kim TB, et al. Relationship between Lower Dose and 

Injection Speed of Iodinated Contrast Material for CT and Acute Hypersensitivity 

Reactions: An Observational Study. Radiology. 2019;293(3):565-572. 

doi:10.1148/radiol.2019190829. 

276.  Barrett BJ. Contrast nephrotoxicity. J Am Soc Nephrol. 1994;5(2):125-137. 

doi:10.1681/ASN.V52125. 

277.  Barrett BJ, Carlisle EJ. Metaanalysis of the relative nephrotoxicity of high- 

and low-osmolality iodinated contrast media. Radiology. 1993;188(1):171-178. 

doi:10.1148/radiology.188.1.8511292. 

278.  Dunne P, Kaimal N, MacDonald J, Syed AA. Iodinated contrast-induced 

thyrotoxicosis. CMAJ. 2013;185(2):144-147. doi:10.1503/cmaj.120734. 

279.  Kulstad CE, Carlson A. Contrast-induced thyrotoxicosis. Ann Emerg Med. 

2004;44(3):281-282. doi:10.1016/j.annemergmed.2004.03.041. 

280.  Sayer JA. Acute renal failure from contrast medium: beware patients 

taking metformin... BMJ. 2006;333(7569):653. doi:10.1136/bmj.333.7569.653-a. 

281.  Bracco Web site. 

https://imaging.bracco.com/sites/braccoimaging.com/files/technica_sheet_pdf/d

e-de-2018-11-15-spc-Imeron.pdf. Accessed November 5, 2017. 

282.  Bracco Web site. 

https://imaging.bracco.com/sites/braccoimaging.com/files/technica_sheet_pdf/d

e-de-2018-04-24-spc-Imeron-300M%20SPC.pdf. Accessed November 5, 2017. 

283. Gelbe Liste Web site. https://www.gelbe-liste.de/produkte/Imeron-400-

MCT-400-mg-Iod-ml-Injektionsloesung-Infusionsloesung-100-

ml_360398/fachinformation. Accessed November 5, 2017. 

284. Bae KT. Intravenous contrast medium administration and scan timing at 

CT: considerations and approaches. Radiology. 2010;256(1):32-61. 

doi:10.1148/radiol.10090908.  

285. Wang CL, Cohan RH, Ellis JH, Adusumilli S, Dunnick NR. Frequency, 

management, and outcome of extravasation of nonionic iodinated contrast 

https://imaging.bracco.com/sites/braccoimaging.com/files/technica_sheet_pdf/de-de-2018-11-15-spc-Imeron.pdf
https://imaging.bracco.com/sites/braccoimaging.com/files/technica_sheet_pdf/de-de-2018-11-15-spc-Imeron.pdf
https://imaging.bracco.com/sites/braccoimaging.com/files/technica_sheet_pdf/de-de-2018-04-24-spc-Imeron-300M%20SPC.pdf
https://imaging.bracco.com/sites/braccoimaging.com/files/technica_sheet_pdf/de-de-2018-04-24-spc-Imeron-300M%20SPC.pdf
https://www.gelbe-liste.de/produkte/Imeron-400-MCT-400-mg-Iod-ml-Injektionsloesung-Infusionsloesung-100-ml_360398/fachinformation
https://www.gelbe-liste.de/produkte/Imeron-400-MCT-400-mg-Iod-ml-Injektionsloesung-Infusionsloesung-100-ml_360398/fachinformation
https://www.gelbe-liste.de/produkte/Imeron-400-MCT-400-mg-Iod-ml-Injektionsloesung-Infusionsloesung-100-ml_360398/fachinformation


124 
 

medium in 69,657 intravenous injections [published correction appears in 

Radiology. 2015 Jan;274(1):307]. Radiology. 2007;243(1):80-87. 

doi:10.1148/radiol.2431060554. 

286. Cohan RH, Bullard MA, Ellis JH, et al. Local reactions after injection of 

iodinated contrast material: detection, management, and outcome. Acad Radiol. 

1997;4(11):711-718. doi:10.1016/s1076-6332(97)80073-6. 

287. Nicola R, Shaqdan KW, Aran S, Prabhakar AM, Singh AK, Abujudeh HH. 

Contrast Media Extravasation of Computed Tomography and Magnetic 

Resonance Imaging: Management Guidelines for the Radiologist. Curr Probl 

Diagn Radiol. 2016;45(3):161-164. doi:10.1067/j.cpradiol.2015.08.004. 

288. Heshmatzadeh Behzadi A, Farooq Z, Newhouse JH, Prince MR. MRI and 

CT contrast media extravasation: A systematic review. Medicine (Baltimore). 

2018;97(9):e0055. doi:10.1097/MD.0000000000010055. 

289. Cohan RH, Dunnick NR, Leder RA, Baker ME. Extravasation of nonionic 

radiologic contrast media: efficacy of conservative treatment. Radiology. 

1990;176(1):65-67. doi:10.1148/radiology.176.1.2353113.  

290. Miles SG, Rasmussen JF, Litwiller T, Osik A. Safe use of an intravenous 

power injector for CT: experience and protocol. Radiology. 1990;176(1):69-70. 

doi:10.1148/radiology.176.1.2353114.  

291. Sistrom CL, Gay SB, Peffley L. Extravasation of iopamidol and iohexol 

during contrast-enhanced CT: report of 28 cases. Radiology. 1991;180(3):707-

710. doi:10.1148/radiology.180.3.1871281. 

292. Sinan T, Al-Khawari H, Chishti FA, Al Saeed OM, Sheikh M. Contrast 

media extravasation: manual versus power injector. Med Princ Pract. 

2005;14(2):107-110. doi:10.1159/000083921. 

293. Wienbeck S, Fischbach R, Kloska SP, et al. Prospective study of access 

site complications of automated contrast injection with peripheral venous access 

in MDCT. AJR Am J Roentgenol. 2010;195(4):825-829. 

doi:10.2214/AJR.09.3739. 



125 
 

294. Ichikawa T, Nakajima H, Nanbu A, Hori M, Araki T. Effect of injection rate 

of contrast material on CT of hepatocellular carcinoma. AJR Am J Roentgenol. 

2006;186(5):1413-1418. doi:10.2214/AJR.04.0310.  

295. Hefaiedh R, Ennaifer R, Romdhane H, et al. Gender difference in patients 

with hepatocellular carcinoma. Tunis Med. 2013;91(8-9):505-508. 

296. Davis GL, Dempster J, Meler JD, et al. Hepatocellular carcinoma: 

management of an increasingly common problem. Proc (Bayl Univ Med Cent). 

2008;21(3):266-280. doi:10.1080/08998280.2008.11928410. 

297. El-Serag HB. Hepatocellular carcinoma: recent trends in the United States. 

Gastroenterology. 2004;127(5):27-34. doi:10.1053/j.gastro.2004.09.013. 

298. Honda Y, Higaki T, Higashihori H, et al. Re-evaluation of detectability of 

liver metastases by contrast-enhanced CT: added value of hepatic arterial phase 

imaging. Jpn J Radiol. 2014;32(8):467-475. doi:10.1007/s11604-014-0331-z. 

299. Kircher A, Bongartz G, Merkle EM, Zech CJ. Rationale Schnittbildgebung 

des hepatozellulären Karzinoms. Die Herausforderung multimodaler 

Diagnosekriterien [Rational imaging of hepatocellular carcinoma. The challenge 

of multimodal diagnostic criteria]. Radiologe. 2014;54(7):664-672. 

doi:10.1007/s00117-014-2652-4. 

300. Nishie A, Yoshimitsu K, Okamoto D, et al. CT prediction of histological 

grade of hypervascular hepatocellular carcinoma: utility of the portal phase. Jpn 

J Radiol. 2013;31(2):89-98. doi:10.1007/s11604-012-0149-5.  

301. Ohki T, Tateishi R, Akahane M, et al. CT with hepatic arterioportography 

as a pretreatment examination for hepatocellular carcinoma patients: a 

randomized controlled trial. Am J Gastroenterol. 2013;108(8):1305-1313. 

doi:10.1038/ajg.2013.109.  

302. Wang C, Zhou JJ, Ma ZP, et al. Dynamic contrast-enhanced MSCT 

findings of intraductal papillary neoplasm of the bile ducts. Zhonghua Gan Zang 

Bing Za Zhi. 2012;20(10):789-793. doi:10.3760/cma.j.issn.1007-

3418.2012.10.017. 



126 
 

303. Chan MG, Cassidy FH, Andre MP, Chu P, Aganovic L. Delayed imaging 

in routine CT examinations of the abdomen and pelvis: is it worth the additional 

cost of radiation and time? AJR Am J Roentgenol. 2014;202(2):329-335. 

doi:10.2214/AJR.12.10468. 

304. Park M, Chung YE, Kim KA, et al. Added value of arterial enhancement 

fraction color maps for the characterization of small hepatic low-attenuating 

lesions in patients with colorectal cancer. PLoS One. 2015;10(2):e0114819. 

doi:10.1371/journal.pone.0114819. 

305. Park VY, Choi JY, Chung YE, et al. Dynamic enhancement pattern of HCC 

smaller than 3 cm in diameter on gadoxetic acid-enhanced MRI: comparison with 

multiphasic MDCT. Liver Int. 2014;34(10):1593-1602. doi:10.1111/liv.12550. 

306. Winkler N, Rezvani M, Heilbrun M, Shaaban A. Utility of dual phase liver 

CT for metastatic melanoma staging and surveillance. Eur J Radiol. 

2013;82(12):2189-2193. doi:10.1016/j.ejrad.2013.08.003 

307. Itoh S, Ikeda M, Achiwa M, Ota T, Satake H, Ishigaki T. Multiphase 

contrast-enhanced CT of the liver with a multislice CT scanner. Eur Radiol. 

2003;13(5):1085-1094. doi:10.1007/s00330-002-1607-8. 

308. Widmark JM. Imaging-related medications: a class overview. Proc (Bayl 

Univ Med Cent). 2007;20(4):408-417. doi:10.1080/08998280.2007.11928336. 

309. Romano L, Grazioli L, Bonomo L, et al. Enhancement and safety of 

iomeprol-400 and iodixanol-320 in patients undergoing abdominal multidetector 

CT. Br J Radiol. 2009;82(975):204-211. doi:10.1259/bjr/93627766. 

310. Brink JA. Contrast optimization and scan timing for single and 

multidetector-row computed tomography. J Comput Assist Tomogr. 2003;27:S3-

S8.  doi:10.1097/00004728-200305001-00003. 

311. Brink JA. Use of high concentration contrast media (HCCM): principles and 

rationale  ̶  body CT. Eur J Radiol. 2003;45:S53-S58. doi:10.1016/s0720-

048x(02)00362-5. 



127 
 

312. Suzuki H, Shibamoto Y, Oshima H, Takeuchi M, Ito M, Hara M. 

Comparison of 2 contrast materials with different iodine concentrations in 3-

dimensional computed tomography angiography of the hepatic artery at multi-

detector-row computed tomography: a randomized study. J Comput Assist 

Tomogr. 2007;31(6):840-845. doi:10.1097/rct.0b013e3180471bc1. 

313. Marchianò A, Spreafico C, Lanocita R, et al. Does iodine concentration 

affect the diagnostic efficacy of biphasic spiral CT in patients with hepatocellular 

carcinoma?. Abdom Imaging. 2005;30(3):274-280. doi:10.1007/s00261-004-

0233-0. 

314. Yamashita Y, Komohara Y, Takahashi M, et al. Abdominal helical CT: 

evaluation of optimal doses of intravenous contrast material – a prospective 

randomized study. Radiology. 2000;216(3):718-723. 

doi:10.1148/radiology.216.3.r00se26718. 

315. Guerrisi A, Marin D, Nelson RC, et al. Effect of varying contrast material 

iodine concentration and injection technique on the conspicuity of hepatocellular 

carcinoma during 64-section MDCT of patients with cirrhosis. Br J Radiol. 

2011;84(1004):698-708. doi:10.1259/bjr/21539234. 

316. Tsurusaki M, Sugimoto K, Fujii M, Sugimura K. Multi-detector row helical 

CT of the liver: quantitative assessment of iodine concentration of intravenous 

contrast material on multiphasic CT – a prospective randomized study. Radiat 

Med. 2004;22(4):239-245. 

317. Sahani DV, Soulez G, Chen KM, et al. A comparison of the efficacy and 

safety of iopamidol-370 and iodixanol-320 in patients undergoing multidetector-

row computed tomography. Invest Radiol. 2007;42(12):856-861. 

doi:10.1097/RLI.0b013e3181514413. 

318. Behrendt FF, Plumhans C, Keil S, et al. Contrast enhancement in chest 

multidetector computed tomography: intraindividual comparison of 300 mg/ml 

versus 400 mg/ml iodinated contrast medium. Acad Radiol. 2009;16(2):144-149. 

doi:10.1016/j.acra.2008.05.008. 



128 
 

319. Hansmann J, Fink C, Jost G, et al. Impact of iodine delivery rate with 

varying flow rates on image quality in dual-energy CT of patients with suspected 

pulmonary embolism. Acad Radiol. 2013;20(8):962-971. 

doi:10.1016/j.acra.2013.02.013. 

320. Fenchel S, Fleiter TR, Aschoff AJ, van Gessel R, Brambs HJ, Merkle EM. 

Effect of iodine concentration of contrast media on contrast enhancement in 

multislice CT of the pancreas. Br J Radiol. 2004;77(922):821-830. 

doi:10.1259/bjr/19527646. 

321. Sandstede JJ, Werner A, Kaupert C, et al. A prospective study comparing 

different iodine concentrations for triphasic multidetector row CT of the upper 

abdomen. Eur J Radiol. 2006;60(1):95-99. doi:10.1016/j.ejrad.2006.05.012. 

322. Ma X, Setty B, Uppot RN, Sahani DV. Multiple-detector computed 

tomographic angiography of pancreatic neoplasm for presurgical planning: 

comparison of low- and high-concentration nonionic contrast media. J Comput 

Assist Tomogr. 2008;32(4):511-517. doi:10.1097/RCT.0b013e31813ffd12. 

323. Setty BN, Sahani DV, Ouellette-Piazzo K, Hahn PF, Shepard JA. 

Comparison of enhancement, image quality, cost, and adverse reactions using 2 

different contrast medium concentrations for routine chest CT on 16-slice MDCT. 

J Comput Assist Tomogr. 2006;30(5):818-822. 

324. Cademartiri F, Mollet NR, van der Lugt A, et al. Intravenous contrast 

material administration at helical 16-detector row CT coronary angiography: 

effect of iodine concentration on vascular attenuation. Radiology. 

2005;236(2):661-665. doi:10.1148/radiol.2362040468. 

325. Becker CR, Vanzulli A, Fink C, et al. Multicenter comparison of high 

concentration contrast agent iomeprol-400 with iso-osmolar iodixanol-320: 

contrast enhancement and heart rate variation in coronary dual-source computed 

tomographic angiography. Invest Radiol. 2011;46(7):457-464. 

doi:10.1097/RLI.0b013e31821c7ff4. 

326. Honoris L, Zhong Y, Chu E, et al. Comparison of contrast enhancement, 

image quality and tolerability in Coronary CT angiography using 4 contrast 



129 
 

agents: A prospective randomized trial. Int J Cardiol. 2015;186:126-128. 

doi:10.1016/j.ijcard.2015.03.240.  

327. Zheng M, Liu Y, Wei M, Wu Y, Zhao H, Li J. Low concentration contrast 

medium for dual-source computed tomography coronary angiography by a 

combination of iterative reconstruction and low-tube-voltage technique: feasibility 

study. Eur J Radiol. 2014;83(2):e92-e99. 

328. Achenbach S, Paul JF, Laurent F, et al. Comparative assessment of image 

quality for coronary CT angiography with iobitridol and two contrast agents with 

higher iodine concentrations: iopromide and iomeprol. A multicentre randomized 

double-blind trial [published correction appears in Eur Radiol. 2017 

Feb;27(2):831]. Eur Radiol. 2017;27(2):821-830. doi:10.1007/s00330-016-4437-

9. 

329. Sun Y, Hua Y, Wang M, et al. Evaluation of a High Concentrated Contrast 

Media Injection Protocol in Combination with Low Tube Current for Dose 

Reduction in Coronary Computed Tomography Angiography: A Randomized, 

Two-center Prospective Study. Acad Radiol. 2017;24(12):1482-1490. 

doi:10.1016/j.acra.2017.07.001. 

330. Park EA, Lee W, Kang DK, et al. Comparison of Iohexol-380 and Iohexol-

350 for Coronary CT Angiography: A Multicenter, Randomized, Double-Blind 

Phase 3 Trial. Korean J Radiol. 2016;17(3):330-338. 

doi:10.3348/kjr.2016.17.3.330. 

331. Van Cauteren T, Van Gompel G, Nieboer KH, et al. Improved 

enhancement in CT angiography with reduced contrast media iodine 

concentrations at constant iodine dose. Sci Rep. 2018;8(1):17493. 

doi:10.1038/s41598-018-35918-y. 

332. Rengo M, Dharampal A, Lubbers M, et al. Impact of iodine concentration 

and iodine delivery rate on contrast enhancement in coronary CT angiography: a 

randomized multicenter trial (CT-CON). Eur Radiol. 2019;29(11):6109-6118. 

doi:10.1007/s00330-019-06196-7.  



130 
 

333. Wang X, Zhong Y, Hu L, et al. A prospective evaluation of the contrast, 

radiation dose and image quality of contrast-enhanced CT scans of paediatric 

abdomens using a low-concentration iodinated contrast agent and low tube 

voltage combined with 70% ASIR algorithm. Int J Clin Pract. 2016;70 Suppl 

9B:B16-B21. doi:10.1111/ijcp.12853.  

334. Hou QR, Gao W, Sun AM, et al. A prospective evaluation of contrast and 

radiation dose and image quality in cardiac CT in children with complex 

congenital heart disease using low-concentration iodinated contrast agent and 

low tube voltage and current. Br J Radiol. 2017;90(1070):20160669. 

doi:10.1259/bjr.20160669.  

 

 

 

 

 

  



131 
 

9.1.   Curriculum Vitae 

 

Education  

 

June 2000 

 

High school diploma from Ziridis School, Athens, 

Greece (Grade: excellent) 

 

June 2007 

 

Doctor of Dental Surgery (DDS) degree from the 

Dental School of the National and Kapodistrias 

University of Athens, Greece (Grade: very good) 

 

September 2012 

 

Oral Surgeon degree from the Association of 

Dentists (Landeszahnärztekammer) of Hessen, 

Germany 

 

March 2016 

 

 

 

December 2021 

 

 

Medical Doctor (MD) degree from the Medical 

School of the National and Kapodistrias 

University of Athens, Greece (Grade: very good) 

 

MSc degree in “Medical Research 

Methodology”, Aristotle University Thessaloniki 

 

 

Work experience 

 

July 2007 - Oktober 2008 

 

Dentist at the private practice of DDS Vassiliki 

Konsologlou-Zantiotou, Athens, Greece 

November 2008 -  

September 2012 

 

Resident oral surgeon, educational assistant 

and scientific employee of the Department of 

Oral surgery and Implantology, Dental school 



132 
 

 

 

 

September 2012 - March 2013 

of the J.W. Goethe University in Frankfurt am 

Main, Germany 

 

Specialist in Oral Surgery and Implantology, 

educational assistant and scientific employee 

of the Department of Oral surgery and 

Implantology, Dental school of the J.W. 

Goethe University in Frankfurt am Main, 

Germany 

 

April 2013 - March 2019 

 

 

March 2016 - September 2019 

 

October 2019 - present 

 

Oral surgeon at Eurion private clinic in 

Frankfurt am Main, Germany 

 

Maternity leave for three children 

 

Resident dermatologist at the dermatological 

practice Dres. Jüstel, Frankfurt am Main, 

Germany 

 

 

 

 

 

 

  



133 
 

9.2.   Lebenslauf 

 

Ausbildung 

 

Juni 2000 

 

Schulabschluss, Ziridis Schule, Athen, 

Griechenland (Note: ausgezeichnet)  

 

Juni 2007 

 

Doctor of Dental Surgery (DDS) Diplom 

(Zahnarzt), Zahnmedizinische Fakultät der 

Nationalen Kapodistrias Universität Athen, 

Griechenland (Note: sehr gut) 

 

September 2012 

 

Anerkennung zum Führen der 

Gebietsbezeichnung „Oralchirurgie“, 

Landeszahnärztekammer Hessen, Deutschland 

 

März 2016 

 

 

 

 

Dezember 2021 

 

Medical Doctor (MD) Diplom (Arzt), 

Medizinische Fakultät der Nationalen 

Kapodistrias Universität Athen, Griechenland 

(Note: sehr gut) 

 

MSc in „Medical Research Methodology”, 

Aristotle Universität, Thessaloniki, Griechenland 

 

 

Berufserfahrung 

  

Juli 2007 - Oktober 2008 Zahnärztin, Privatpraxis DDS Vassiliki 

Konsologlou, Athen, Griechenland 



134 
 

November 2008 - 

September 2012 

Weiterbildungsassistentin und 

wissenschaftliche Mitarbeiterin, Poliklinik für 

Oralchirurgie und Implantologie des Zentrums 

der Zahn-, Mund-, und Kieferheilkunde der J.W. 

Goethe Universität, Frankfurt am Main, 

Deutschland 

 

September 2012 -  

März 2013 

 

 

 

 

 

April 2013 - März 2019 

 

Fachzahnärztin für Oralchirurgie und 

wissenschaftliche Mitarbeiterin, Poliklinik für 

Oralchirurgie und Implantologie des Zentrums 

der Zahn-, Mund-, und Kieferheilkunde der J.W. 

Goethe Universität, Frankfurt am Main, 

Deutschland 

 

Fachzahnärztin für Oralchirurgie, Eurion 

Privatklinik, Frankfurt am Main, Deutschland 

  

 

März 2016 –  

September 2019 

 

seit Oktober 2019 

 

Elternzeit für drei Kinder 

 

 

Weiterbildungsassistentin für Dermatologie in 

der dermatologischen Praxis Dres Jüstel, 

Frankfurt am Main, Deutschland 

 

 

 

  



135 
 

10.   Acknowledgements   

 

This dissertation would not have been possible without the support of many 

people. 

I would like to thank my supervisor Professor Dr. med. Thomas Vogl for giving 

me the opportunity of this dissertation, as well as for his advice and support.  

I would also like to thank Dr. med. Renate Hammerstingl and Dr.med. Nagy 

Naguib, whose support was of utmost importance. 

I am also thankful of all the people who directly and indirectly inspired me to follow 

this passage and helped me on the way. 

And last but certainly not least, many thanks to my family and particularly my 

three children, husband, parents and sister, as well as my friends who endured 

this long process with me, always offering support and love. 

 

 

 

 

 

 

 

 

 

 

 



136 
 

11.1.   Declaration of authenticity 

 

I hereby declare that the thesis entitled “Qualitative and quantitative efficacy 

assessment of CT-imaging of liver lesions using Imeron 400 vs Imeron 300 in a 

randomized blinded study” which I have admitted to the Medical Faculty of the 

Johann Wolfgang Goethe University of Frankfurt at Main and which was 

supervised by Prof. Dr.med. Vogl and with the aid of Dr. med. Hammerstingl and 

Dr. med. Naguib (Institute of Diagnostic and Interventional Radiology of the 

Johann Wolfgang Goethe University, Frankfurt at the Main), was written, without 

any further help, by myself with the aid of the quoted material. Moreover, I declare 

that I have not used the help of a commercial promotion agency. 

Hitherto, I have not submitted an application for admission to a doctorate at any 

university in Germany or abroad. The present work has not yet been submitted 

as a thesis. 

 

Niedernhausen, 15.12.2021                   

           (Place, Date)                       (Signature) 

 

 

 

 

 

 

 



137 
 

11.2.   Schriftliche Erklärung 

 

Ich erkläre ehrenwörtlich, dass ich die dem Fachbereich Medizin der Johann 

Wolfgang Goethe-Universität Frankfurt am Main zur Promotionsprüfung 

eingereichte Dissertation mit dem Titel „Qualitative and quantitative efficacy 

assessment of CT-imaging of liver lesions using Imeron 400 vs Imeron 300 in a 

randomized blinded study“ im Institut für Diagnostische und Interventionelle 

Radiologie des Johann Wolfgang Goethe Universitätsklinikums Frankfurt am 

Main unter Betreuung und Anleitung von Herrn Prof. Dr. med. Vogl mit 

Unterstützung durch Frau Dr. med. Hammerstingl and Herrn Dr. med. Naguib 

ohne sonstige Hilfe selbst durchgeführt und bei der Abfassung der Arbeit keine 

anderen als die in der Dissertation angeführten Hilfsmittel benutzt habe. Darüber 

hinaus versichere ich, nicht die Hilfe einer kommerziellen Promotionsvermittlung 

in Anspruch genommen zu haben.  

Ich habe bisher an keiner in- oder ausländischen Universität ein Gesuch um 

Zulassung zur Promotion eingereicht. Die vorliegende Arbeit wurde bisher nicht 

als Dissertation eingereicht. 

 

Niedernhausen, 15.12.2021                     

          (Ort, Datum)             (Unterschrift) 

 

 


