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ABSTRACT

Medical imaging provides an image for internal parts of organ in non-invasive technique, it is one
of the fastest areas developing in medicine specially for clinical and research settings. The aim of the
current study is to mimic the HCC using the dynamic liver phantom displaying functional flow of contrast
media through the HCC. The proposed phantom design consisted of three types of mimicked soft tissues;
liver parenchyma; tumors; and vascular mold. The vascular mold consists of flow part (cylindrical
medium) located inside the liver parenchyma and this part contains the tumor samples. The phantom are
made of different ingredients; 4% weight of gelatin powder; 2.6% weight of hydroxyethylcellulose; 0.2%
weight of benzalkonium chloride; 3.2% weight of propanediol; and 90% weight of water as a volume
spreader. The tumor model was clearly demonstrated by imaging modalities CT, MRI, and ultrasound.
The flow phantom or the dynamic part in phantom was well worked. Interestingly, this liver phantom
enable the employment of the dynamic contrast studies and functional vasculature. In the conclusion, the
multimodal liver phantom consisting HCC tumor models were produced in simple, low cost and quick

method within short time. The principle of this technique can be used in different organs in the body.
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CHAPTER ONE

INTRODUCTION

1.1 Background

There are many diseases that affect the liver in the human body. Studying these diseases is very
important. One of these disease is the hepatocellular carcinoma (HCC). Therefore, studying and
understanding the anatomy and physiology of the liver are very important. In addition, studying liver
diseases are also very important. But there are some difficult in studying some diseases inside the human
body. So In order to study these diseases, it is necessary to have liver phantoms that mimic liver tissue
with certain diseases and pathologies.

This study aims at developing a reusable, multimodal liver phantom, which applies functional
vasculature and displays some pathologies, such as Hepatocellular Carcinoma (HCC). This phantom can
be used with different modalities, such as Ultrasonography (US), Computed Tomography (CT), and
Magnetic Resonance Imaging (MRI).

There are some liver phantoms available on the market, or described in the scientific literature,
with tumor models and blood vessels structures. Most of these phantoms are developed to be used in the
research for ultrasound and CT imaging applications. Some phantoms have been developed for MRI. But
none of them provide blood flow functionality. To the best of our knowledge no known study's done in
this field with a 3D-multimodal permanent liver phantom displaying functional vasculature and common

pathologies.



The current phantom not only mimic the liver tissue with common pathology, but it also displaying
functional vasculature with dynamic contrast applications and tri phasic studies (arterial, venous and

delayed phases).
1.11 Liver anatomy and physiology

The liver is one of the largest organs in the human body and considered as the largest gland in the
body with a wide variety of functions. Located in the right side of the abdomen. It is situated just above
and to the left of the stomach and below the lungs. Weighing between 1.44 and 1.66 kilograms (kg), the
liver is reddish-brown with a rubbery texture (1). There are four asymmetric lobes of the liver; right and
left lobes in the front surface separates by falciform ligament, and quadrate and caudate lobe locates in
the posterior surface(2). Figure 1 shows the anatomy of the liver.

Liver anterior and posterior view

anterior view posterior view

qalibladger —

Figure 1 : Anterior and Posterior Views of the Liver.
1.1.2 Hepatocellular carcinoma (HCC)
The HCC is one of the most common diseases in the world. It is ranked as the third deadliest
cancers in the human body (4). Early detection of liver cancer helps to save the patient by providing
appropriate treatment. HCC occurs most often in people with chronic liver diseases, such as cirrhosis

caused by hepatitis B or hepatitis C infection (5).



1.1.3 HCC diagnosis

One of the most important ways to diagnose HCC is the non-invasive imaging. The detection of
HCC depend on the contrast enhancement in CT, MRI and other diagnostic modalities (4). These contrast
enhancement studies basically have three phases of enhancement: arterial phase, venous phase and
delayed phase. The HCC lesions take the blood directly from the hepatic artery while the parenchymal
cells take blood from the portal vein. Because of that the HCC lesions appears hyper-vascularity in arterial
phase and less bright in the venous phase. This HCC features in contrast enhancement is called classic
features (2, 4).

HCC lesions which is more than 2cm can be easily detected by medical imaging modalities
including US, CT and MRI. However, the optimal management for nodules less than 1 cm showing the
typical HCC pattern has not yet been observed. (4). Regarding lesions between 1 and 2 cm there is a higher
sensitivity for MRI ranging between 80 and 90 % compared to 60-75 % with CT. Besides the multimodal

diagnostic criteria, MRI provides significant benefits with the use of hepatobiliary contrast.

1.2 Problem Statement
There are many diseases in the liver that must be studied, but there are many challenges facing
scientists and researchers because of the limitations to study these diseases in the human body.
These challenges are the absence of an anthropomorphic 3D-multimodal permanent liver phantom to
conduct studies and research on it. One example of these diseases is the HCC. Detection of liver cancer
in its last stages (lesion greater than 2cm) is considered very easy. However, the detection of cancer in its
early stages (< 1 cm) is very important to save the patient's life. The difficulty is finding the suitable
technique to detect this size.
1.3 Justifications (Significance of the Work)
The new Phantom is important because it provides the researchers with a wide range of research

experiments considering the 3Rs; in addition, it offers the opportunity to perform control quality to



