The Clinical Utility of Contrast-Enhanced Ultrasound and
Endoscopic Ultrasound Elastography in Diagnosis of

Malignant Hepatobiliary-Pancreatic Lesions

Thesis Submitted for Partially Fulfillment of the Master Degree in Tropical Medicine
Faculty of Medicine
Cairo University
By
Mostafa Ibrahim Mostafa

(M.B.B.CH. Cairo University)
Supervisors

Mohamed Serag Zakaria , MD

Head of Tropical Medicine Department
Professor of Tropical Medicine
Faculty of Medicine

Cairo University

Ahmed Sadek Abdel Fattah, MD

Head of Gastroenterology and Hepatology Department
Professor of Tropical Medicine
Theodor Bilharz Research Institute

Naglaa Ali Zayed , MD

Lecturer of Tropical Medicine
Faculty of Medicine
Cairo University

FACULTY OF MEDICINE
CAIRO UNIVERSITY
2008




List of Contents

. Acknowledgment ...

. LISt OF ADDIEVIAIONS .. e e e e

e LIS OF TaABIES oottt e

o LSt Of FIGUIES .o

. Abstract

o INEOAUCTION vttt

L AIM OF the WOTK ..o

. Review of the Literature

A. Contrast Enhanced Ultrasound Agents..............ccooevviiiinnnnn..
e Basic Physics and Technology
e Types of ultrasound Contrast agent used in practice
e Applications for ultrasound contrast agents
e Adverse effects
e Contrast Enhanced Ultrasound technique
B. Detection and characterization of Hepatic focal lesions ............
e Introduction
e Diagnosis of Hepatic focal lesions
e Differentiation of benign and Malignant lesions
e Characterization of Hepatic focal lesions

¢+ Hepatocellular carcinoma (HCC)

RS

% Focal nodular hyperplasia (FNH) and Hemangioma

VI

IX

12



C. Detection and characterization of Pancreatic Tumors .............

e Introduction
e Diagnosis of Pancreatic adenocarcinoma
e Differentiation of benign and Malignant lesions

e Imaging Modalities

D. EUS Elastography........ccooiiiiiiiiiii e

e Introduction
e EUS Elastography technique

e Applications of EUS Elastography

Patient and MethodsS. . ...ooooiirrne e e

Results ............

Discussion........

(00 s (L1 13 1) | P

Recommendations .......ooooeiiiiiiiiiii

33

48

55

64

77

84

85

86

88



ACKNOWLEDGMENT

“First and Foremost, Thanks are Due to GOD,
The Beneficent and Merciful of All”

| would like to express my deepest gratitude and sincere thanks to
Prof. Dr. Serag Zakaria, Professor of Tropical Medicine and Head of
Tropical Medicine Department , Faculty of Medicine, Cairo University,
for his instructive supervision, continuous guidance, valuable instructions

and offering all facilities.

My thanks and appreciation to Prof. Dr. Ahmed Sadek, Professor
and Head of Tropical Medicine Department, Theodor Bilharz Research
Institute, for his continuous help, valuable suggestions and his

comprehensive technical help all through the work.

No words can express my deep feelings and profound gratitude to
Dr. Naglaa Zayed , Lecturer of Tropical Medicine Department , Faculty
of Medicine, Cairo University, for her strict supervision, revision of the
work, devoting her intellectual energies and high sense of profession in
the entire development of this thesis. Without her creative thinking,

valuable suggestions, this thesis would never been to light.

Many thanks to Prof. Dr. Zakaria Salama, Professor of Tropical
Medicine, Faculty of Medicine, Cairo University; for his sincere
guidance and his comprehensive technical help , without his continuous

teaching ; | would never know anything about ultrasound.

Many thanks to ASS. Prof. Abdel Meguid Kassem , Ass. Professor
of Tropical Medicine, Faculty of Medicine, Cairo University, for his
support, guidance and encouragement. He was the scientist who guided

my first steps in the path of medical research.



Being a member of Gastroenterology and Hepatology department,
Theodor Bilharz Research Institute | would like to thank to All
Professors, the whole staff members and workers in my department,

Theodor Bilharz Research Institute for their support and advice.

| am indebted to Prof. C. Dietrich for his efforts and help in the
refinement of our work, advancing our knowledge with all literature
about these new ultrasound modalities and special thanks and gratitude

to him for offering me the opportunity of hand on training in Germany.

My thanks and appreciation to Prof. M. Giovannini, for his
ignition of the idea, valuable suggestions concerning Elastography and

his comprehensive skills all through the work.

Whatever | say or write, | will never be able to return what he
gave me , he gave me everything and | returned him little. His help never
stops , | want to deeply thank him for everything ; My Father Prof. Dr.
Ibrahim Mostafa, Professor of Tropical Medicine Theodor Bilharz

Research Institute.

Finally, my deepest appreciation and no words can express my

gratitude to my mother, my wife for their never ending support and care.

Mostafa Ibrahim



Dedicated To:

My Father, My Wther and My Wife

For their patience and utmost support.



AFP
ALP
ALT
AST
CA 199
CEUS
CE EUS
CEA
CT
DCP
ERCP
EUS
FDG PET
FNA
FNH
GGT
HBV
HCA
HCC
HCV
HFLs
HIFU
INR
MRI
NFETs
PC
PLTs
PT

RF
RFA
SCT
SD

US

List of abbreviations

Alpha fetoprotein

Alkaline phosphatase

Alanine transaminase

Aspartate transarninase

Carbohydrate Antigen

Contrast Enhanced Ultrasound

Contrast Enhanced Endoscopic Ultrasound
Carcinoembryonic Antigen

Computerized tomography

Des Gamma Carboxy Prothrombin
Endoscopic Retrograde Cholangiopancreatography
Endoscopic Ultrasound
18F-Fluorodeoxyglucose Positron Emission Tomography
Fine Needle Aspiration

Focal Nodular Hyperplasia

Gamma glutamyl transpeptidase

Hepatitis B virus

Hepatocellular adenoma

Hepatocellular carcinoma

Hepatitis C virus

Hepatic focal lesions

High Intensity focused ultrasound
International normalization ratio
Magnetic resonance imaging,
Non-Functioning Neuroendocrine Tumors
Prothrombin concentration

Platelets

Prothrombin time

Radiofrequency

Radiofrequency Ablation

Spiral Computerized tomography
Standard deviation

Ultrasound

v



Table

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Table 11

Table 12

List of Tables

Title of the table

Classification of liver tumours and nodular lesions.

Imaging Findings Favoring a Diagnosis of HCC

Classification of pancreatic tumors

Desired characteristics of and challenges to imaging modalities in
suspected pancreatic adenocarcinoma.

Modified Child-Turcotte-Pugh scoring system

The scoring system used for EUS Elastography

The hematological tests of group I.

The Biochemical profile of group I.

The conventional US features of group .

The hematological tests of group II.

The Biochemical profile of group II.

Summary of the sensitivity, specificity, positive-predictive value
(PPV) and negative-predictive value (NPV).



List of Figures

Figure Title of the figure

Figure 1 (a) Baseline US of HCC, (b) Arterial phase of CEUS for HCC

Figure 2 Typical appearance of HCC by CEUS

Figure 3 Typical contrast-enhanced ultrasound finding is centripetal fill-in of Hemangioma
Figure 4 Hemangioma with peripheral located feeding vessels and arterio-portal venous
shunts

Figure 5 Typical CEUS of FNH

Figure 6 Examples of different US presentations of liver metastases

Figure 7 Ultrasound showing liver with dilatation of intra and extra bile ducts.
Figure 8 Comparison between conventional CT and Spiral CT in pancreatic lesions
Figure 9 Spiral CT of pancreatic lesions with correlation to adjacent vessels

Figure 10 ERCP of a patient with cancer of the head of the pancreas.

Figure 11 (a) US of acute focal pancreatitis. (b) CEUS of acute focal pancreatitis
Figure 12 Usefulness of CEUS in the Characterization of Pancreatic Masses

Figure 13 Contrast-enhanced power Doppler Endoscopic ultrasound image of chronic

pancreatitis.

Figure 14 Contrast-enhanced power Doppler Endoscopic ultrasound image of pancreatic
adenocarcinoma.

Figure 15 Scoring system for Elastography and pancreatic masses

Figure 16 EUS Elastography of a benign lymph node

VI



Figure 17

Figure 18

Figure 19

Figure 20

Figure 21

Figure 21a

Figure 22

Figure 23

Figure 24

Figure 25

Figure 26

Figure 27

Figure 28

Figure 29

Figure 30

Figure 31

Figure 32

EUS Elastography of Large pancreatic tumor of the pancreatic head.

EUS Elastography showing malignant lymph node in the mediastinum

EUS Elastography of benign gastrointestinal tumor (GIST)

EUS Elastography suggestive of chronic pancreatitis

Sonovue Ampule

Linear Pentax EG38—UT EUS scope

Triphasic CT study showing typical enhancement pattern of HCC

CEUS showing the arterial phase hyperenhancement of HCC

CEUS showing the arterial phase hyperenhancement of HCC with halo effect.

CEUS showing the portal phase of HCC hypo echoic compared to liver
parenchyma.

CT scan showing Hypo dense mass related to pancreatic head.

Pancreatic tumor of the pancreatic head depicted by conventional EUS as a
hypoechoic mass. EUS Elastography image shows the tumor as a hard structure
(blue) on the left panel.

Pancreatic tumor of the pancreatic body by conventional EUS as a hypoechoic
mass. EUS Elastography image shows the tumor as a hard structure (blue).

EUS FNA pancreatic tumor of the pancreatic head
CT scan showing diffuse enlargement of pancreas with a hypo dense area related
to pancreatic head

Same patient of fig. (29), B mode EUS showing hypervascular pancreatic head

Same patient of fig. (29), Doppler EUS showing hypervascular pancreatic head

VI



e Figure 33 Contrast Enhanced Endoscopic Ultrasound using power Doppler scanning
showing image of chronic pancreatitis i.e. regular vascularisation

e Figure 34 Areas of different hardness are visible on the EUS Elastography panel as a
mixture of colors (red, yellow, green, and cyan, blue). Suggestive of chronic
pancreatitis.

VIII



ABSTRACT

Title: The Clinical Utility Of Contrast-Enhanced Ultrasound And Endoscopic Ultrasound
Elastography In Diagnosis Of Malignant Hepatobiliary-Pancreatic Lesions.

Key Words: Contrast-Enhanced Ultrasound, Endoscopic Ultrasound Elastography

It is well known that some diseases, such as cancer, lead to changes in the hardness of
tissue, Sonoelastography, a technique that allows the elasticity of tissue to be assessed during
ultrasound examination, provides the ultrasonographer with important additional information that
can be used for diagnosis.

Contrast-enhanced Ultrasound is highly efficient for the detection of tumor vascularity in
hepatocellular carcinoma, regardless of histological differentiation which can be characterized as
hyper vascular lesions in the early arterial and arterial phase with irregular tumor vessels using
contrast-enhanced Ultrasound.

The aim of this pilot study was to investigate the clinical utility of contrast-enhanced
ultrasound (CEUS) and endoscopic ultrasound (EUS) Elastography in diagnosis of malignant
hepatic and pancreatic masses.

This study was conducted on thirty patients with hepatic focal lesions and pancreatic
focal lesions attending the Hepatology and Gastroenterology Department, Theodor Bilharz
Research Institute (TBRI) in the period between June 2007 and December 2007.

In this study Correlation between Triphasic CT and CEUS in detection of HCC showed,
the sensitivity, specificity, Positive Predictive Value (PPV) and Negative Predictive Value
(NPV) for malignancy were 78%, 50 % , 93 % and 20 %, respectively, for Triphasic CT and 83
% , 100 % , 100 % and 40 %, respectively for CEUS. No statistically significant difference was
found between CEUS and CT in the characterization of hepatic focal lesions (p > 0.05). Also
both techniques showed good agreement in the findings.

By using EUS Elastography bases on Elastography score established had score 2 which is
a heterogenous image with soft tissue range (green, yellow, and red) and corresponds to fibrosis
of chronic pancreatitis , 5 (50%) have score 3 which is largely blue (hard) image with minimal
heterogenicity and corresponds to small pancreatic adenocarcinoma and 3 (30%) had score 5
which is largely blue image on Elastography but with heterogenicity of softer tissue color (green,
red), representing necrosis, and is seen in advanced pancreatic adenocarcinoma .

Correlation between CE EUS and histologically proven of malignant pancreatic tumors
showed that the sensitivity, specificity, Positive Predictive Value (PPV) and Negative Predictive
Value (NPV) 89%, 100% , 100 % and 50 %, respectively when compared to the gold standard
method of diagnosis the histopathology while correlation between EUS Elastography and
histologically proven of malignant pancreatic tumors showed that the sensitivity, specificity,
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Positive Predictive Value (PPV) and Negative Predictive Value (NPV) for malignancy were
89%, 100%, 100 % and 50 %, respectively.

This study showed that CEUS and CT provide a similar diagnostic accuracy in the
characterization of HCC, with a good degree of correlation between the two techniques.

Contrast-enhanced endoscopic ultrasound (CE EUS) improves identification of the
vascularization of solid pancreatic tumors. Thus could be considered a complementary imaging
modality in the characterization of pancreatic tumors.

EUS Elastography is a new application in the field of endosonography and appears to be capable
of distinguishing between fibrous and benign tissue, on the one hand, and malignant lesions on
the other.
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INTRODUCTION

Endoscopic Ultrasound Elastography

Endoscopic Ultrasonography (EUS) provides imaging of tumors and enhances the
accuracy of TNM staging. It can also provide guidance for fine-needle aspiration (FNA) and
biopsies of undiagnosed masses and lymph nodes suspicious for malignant invasion (Tamerisa
et al., 2005). However, FNA is technically demanding, and multiple puncturing of lymph nodes
or masses is sometimes required in order to obtain sufficient tissue for histological assessment.
In addition, when several lymph nodes appear suspicious, the choice of which to puncture is not
always clear (Bhutani et al., 1997) It is well known that some diseases, such as cancer, lead to
changes in the hardness of tissue, Sonoelastography, a technique that allows the elasticity of
tissue to be assessed during ultrasound examination, provides the ultrasonographer with
important additional information that can be used for diagnosis. Elastography allows assessment
of the elastic properties of tissues by applying slight compression to the tissue and comparing the
images obtained before and after compression (Giovannini 2007). Routine use of EUS
elastography thus offers supplemental information that enhances conventional EUS imaging,
with a possible decrease in the number of unnecessary EUS-FNA procedures used for tissue
confirmation. However, future enhancements of the EUS elastography technology will probably

establish the clinical impact of dynamic elasticity imaging (Adrian 2006).

Pancreatic lesions have a wide differential diagnosis that includes benign and malignant
etiologies, and FNA of the pancreas is associated with a small, but not insignificant, risk of
pancreatitis, Hence, the ability to evaluate masses and LN more accurately prior to their puncture
in an effort to aid in targeting lesions for FNA and possibly reduce complications would be
welcomed by echoendoscopists. Two strategies have been developed with these goals in mind:

contrast-enhanced endosonography and sonoelastography (Giovannini 2007).

Contrast-Enhanced Ultrasound

Baseline gray-scale and color Doppler ultrasonographic (US) examinations have limited
accuracy in the characterization of solid focal liver lesions because the depicted benign and

malignant lesions may have similar echo patterns and vascular architectures (Lee et al., 1996).



