Role of Radiofrequency And Microwave
Ablation In Treatment Of Lung Neoplasms

Essay

Submitted for partial fulfillment of Master
Degree

in Radiodiagnosis
By
Marwa Abdel Fattah Raslan
M.B., B.Ch, Ain Shams University

Under The Supervision Of

Dr.Maha Abdel Meguid El Shinnawy

Assistant Professor of Radiodiagnosis
Faculty of Medicine, Ain Shams University.

&
Dr.Osama Abu El Naga Khallaf

Lecturer of Radiodiagnosis
Faculty of Medicine, Ain Shams University.

Faculty of Medicine,
Ain Shams University
2010






Acknowledgement

magnificent help was factor in accomplishing

|
|
|
|
First and foremost thanks to ALLAH whose :
|
|
this work. :

|

I would like to express my sincere thanks and:
deepest gratitude to Prof. Dr. MAHA ABDEL MEGUID
EL SHENNAWY, Assistant Professor of Radiodiagnosis,:
Faculty of Medicine, Ain Shams University for hen
gracious supervision, valuable guidance, generous help,
support and continuous encouragement through the
whole research. I am deeply affected her noble character|
perfection, care and consideration. I am very much'
privileged and honored to have her as my supervisor. To

her I owe much more than I can express. |
I

No words can describe the effort and help of Dr'
OSAMA ABU EL NAGA, Lecturer of Radio- dlagnOSls,|
Faculty of Medicine, Ain Shams University, for his greati
support, facilities, careful supervision and continuous'
advice and guidance which were the cornerstone for this,
work and helped me to overcome many difficulties. :

I couldn’t have reached this point in my life without:
the enduring efforts of my parents and siblings; no words|
can give them their right or describe how I am indebted to!
them. May Allah bless them with his mercy and provide,
them with health and prosperity.

Marwa Raslan






LIST OF CONTENTS

LIST OF CONTENTS

Introduction & Aim of the work. 1
Anatomy of the lungs. 4
Pathology of lung neoplasms. 35
Physical principles of radiofrequency and 49
microwave ablation.

Techniques and clinical applications of 77
radiofrequency and microwave ablation in
treatment of lung neoplasm.

[lustrative cases. 119
Summary & Conclusion. 133
References. 135

Arabic summary.







LIST OF FIGURES

LIST OF FIGURES
Figure Title Page
Figures 1 Trachea and major bronchi. 6
Figures 2 Topography of the lungs; anterior 8
view.
Figure 3a Topography of the right lung; 10
medial view.
Figure 3b Topography of the left lung; medial 10
view.
Figure 4 Bronchopulmonary Segments. 13
Figure 5 Pulmonary Arteries and Veins. 14
Figure 6 Subdivisions of the mediastinum. 20
Figure 7 (A-G) | Segmental bronchi. 29-30
Figure 8 Lymph nodes mapping scheme. 34
Figure 9 Gross picture of Bronchogenic 37
carcinoma.
Figure 10 Gross specimen of lung carcinoma. 38
Microscopic picture of
Figure 11 adenocarcinoma. 41
Figure 12 Microscopic picture of squamous 41
cell carcinoma.
Figure 13 Microscopic picture of small cell 42
carcinoma.
Figure 14 (a) Schematic and (b) gross 56
specimen for focal thermal ablation.
Diagram of interdependency of
Figure 15 temperature and radius needle 57
electrode.
Ilustrations of method for
Figure 16 combining thermal ablation with 61

targeted drug delivery.




LIST OF FIGURES

Figure Title Page

Figure 17 LeVeen CoAccess Electrode System. 63

Figure 18 Images of various and available RF 65
electrode designs.

Figure 19 Electric fields produced by three 66
different antenna designs.

Figure 20 RF 3000 Radiofrequency Ablation
System. 67

Figure 21 Microwave length among other EM 69
waves.

Figure 22 Schematic diagram illustrates the
interaction between water molecules 70
and microwaves.

Figure 23 Photographs show current
microwave applicators and setting 76
available for percutaneous tumor
ablation.

Figure 24 Schematic diagram illustrates ionic
agitation by alternating electric 87
currents.

Figure 25 Drawing shows microwaves rotation 88
of water molecules.

Figure 26 Grounding pads of RFA. 95

Figure 27 Introduction of the RF device under 96
sterile conditions.

Figure 28 CT-suite with ongoing intervention. 98

Figure 29 Intraprocedural CT thermometry
during radiofrequency ablation of 100
lung cancer.

Figure 30(A-E) | RFA case. 104

Figure 31 Cross sections at gross pathologic 105
analysis.

Figure 32 Aspect ratio versus time for RF and 106

microwave ablation.




LIST OF FIGURES

Figure Title Page
Figure 33 RF and microwave ablation zones as
measured by using CT. 107
Figure 34 Comparison of radiofrequency (RF)
and microwave (MW) in a porcine 108
lung model.
Figure 35 Peumothorax after RFA. 111
Figure 36 (A-C) | Hemorrhage and cavitation during
RFA. 112
Figure 37 (A- | Abscess post RFA. 114
E)
Figure 38 Skin burns. 115
Case 1: Transverse CT images in 65-
Figure 39 year-old man with biopsy-proved 119
1.5-cm squamous cell carcinoma in
left upper lobe.
Case 2: 74-year-old man with lung
Figure 40 . .
cancer (squamous cell carcinoma) in 121
left lower lobe.
Figure 41 Case 3: 70-year-old woman with
. . 122
lung cancer (adenocarcinoma) in
right lower lobe.
Figure 42 Case 4: Transverse CT scans of 42-
mm colon cancer metastasis of the 123
left lower lobe obtained in the prone
position.
Figure 43 Case 5: CT appearances over 1 year
in 73 year-old male with a 3 cm left 125
upper lobe adenocarcinoma.




LIST OF FIGURES

Figure Title Page

Figure 44 Case 6: A 78-year-old woman with 126
4.5-cm, biopsy-proven, right upper
lobe squamous cell carcinoma.

Figure 45 Case 1: Supine fluoroscopic CT 127
images in 67-year-old man with
metastatic 1.3-cm tumor from
primary colorectal carcinoma in

lower lobe of left lung.

Figure 46 Case 2: CT images in 82-year-old 128
woman with biopsy-proved 5-cm
adenocarcinoma of lower lobe of
right lung.

Figure 47 Case 3: Microwave ablation of 129
primary lung cancer in an 86-year-
old man who presented with a

suspicious right lower lobe mass in

the azygoesophageal recess.

Figure 48 Case 4: Microwave ablation of 131
metastatic pulmonary lesions in a
15-year-old girl with a history of
recurrent rhabdomyosarcoma and
lung metastases, in whom systemic

chemotherapy had previously failed.




LIST OF TABLES

LIST OF TABLES

Table Title Page

Table 1 Right lung, bronchopulmonary 12
segments.

Table 2 Left lung, bronchopulmonary 13
segments.

Table 3 Histological classifications of 40
malignant lung tumors.

Table 4 Common lung cancer manifestations. 44

Table 5 Staging classification of lung cancer 45

Table 6 Treatment of lung cancer according 48
to stage.

Table 7 Comparison between microwave and 73

radiofrequency ablation.







LIST OF ABBREVIATIONS

List of abbreviations

AP Antro-posterior.

°C Celsius.

cm Centimeters.

CT Computed tomography.

DWI Diffusion weighted imaging.

EM waves Electromagnetic waves.

FDG Fluorodeoxyglucose.

GHz Gigahertz.

HSP Heat shock protein.

HU Hounsfield units.

Hz Hertz.

KHz Kilohertz.

LUL Left upper lobe.

MHz Megahertz.

ml Milliliter.

mm Millimeters.

MRI Magnetic resonance imaging.

MW Microwave.

MWA Microwave ablation.

NSCLC Non small cell lung carcinoma.

P Probability.

PAI Percutaneous alcohol instillation.

PEI Percutaneous ethanol instillation.

PET-CT Positron emission tomography - computed
tomography.

RF Radiofrequency.

RFA Radiofrequency ablation.

SCLC Small cell lung carcinoma.

SUV Standardized uptake value.

US Ultrasound.

Vs. Versus.

W Watt.

Q Omega.







INTRODUCTION
&
AIM OF THE WORK



