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Abstract

Canadian Surgical Technologies & Advanced Robotics has undertaken a
major initiative in the field of lung cancer treatment. A platform is being
developed for tumour ablative therapies using minimally invasive robotic sys-
tems. As a proof-of-concept for the platform, a system has been built for
Brachytherapy as a treatment for lung cancer. This system uses a navigational
software, InterNAV 1.0, to consolidate ultrasound imaging and electromagnetic
positioning.

Early work on InterNAV1.0 looked to develop a research tool to handle
imaging information obtained through ultrasound imaging. It was not de-
signed as a navigation and control environment for clinical use. The objective
of the research described in this thesis is to make significant enhancements
and add new features to InterNAV1.0 in order to obtain a fairly general navi-
gation and control environment suitable for use in animal and clinical testing.
This thesis discusses the development of InterNAV2.0 and includes a set of
feature enhancements and architectural changes to InterNAV1.0 to address
several shortcomings and make it applicable for clinical use. After an initial
study of InterNAV1.0’s capabilities, several improvements were proposed and
implemented. These included enhancements to the navigational model and
user interface, integrated robotic controls, predictive neural networks, use of
embedded sensors, and integration with dosimetry planning software. All of
these functional enhancements are part of InterNAV2.0. Testing shows better
results from InterNAV2.0 than InterNAV1.0.

Keywords: brachytherapy, electromagnetic tracking, image-guided surgery,
minimally-invasive surgery, roboti-assisted surgery, ultrasound probe tracking,

visualization, tumout-ablative therapies, cryotherapy, radio-frequency ablation
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Chapter 1

Introduction

Lung cancer remains the most common cancer, and the most common cause of
death from cancer [2]. Surgical resection is the treatment of choice. Surgical
resection attempts to excise the cancerous cells. This makes it a highly invasive
form of treatment. Furthermore, many patients are unfit for surgery [3, 4].
Post-operative mortality rates in the United States following resection averages

5% and morbidity rates range from 20% to 44% [5].

1.1 Tumour-Ablative Therapies

Tumour-Ablative Therapies serve as an alternative treatment. Examples in-
clude radio-frequency ablation [6, 7], cryotherapy |8, 9], and brachytherapy|10,
11].

1.1.1 Radio-frequency ablation

Radio-frequency ablation involves the burning of cancerous cells. The surgeon

places grounding pads on the patients thighs. She/he then uses a needle with



an insulated shaft and an un-insulated tip. The surgeon uses the help of image
guidance (Computer tomography, ultrasound etc) to insert the needle through
the body into the tumour site. lonic agitation and friction heat creates a
sphere of dead cells around the needle tip. Scar tissue and fibrosis gradually
replace the dead cells. Few surviving cancerous cells at the edges can cause a
re-appearance of the cancer [12]. A single application can treat an area as large
as 3-5 cm [13]. Surgeons have used radio-frequency ablation as a treatment
option in cases of primary and secondary liver tumours for over a decade {14].
Radio-frequency ablation offers a low-cost, outpatient, and minimally-invasive
treatment option for lung cancer (15, 16, 17]. Radio-frequency ablation is
finding wider use as a treatment option for lung cancer as can be seen in

[18, 19, 20, 21, 22, 23].

1.1.2 Cryotherapy

While radio-frequency ablation involves the burning of cancerous cells, cryother-
apy freezes them. Surgeons use cryoprobes to deliver the therapy. Cryoprobes
are needles whose tip contains a freezing agent (nitrogen or argon). Similar to
radio-frequency ablation, surgeons insert the cryoprobe into the tumour site
through the patient’s body using image guidance. cryotherapy kills cells in

one of three ways [24]:
1. By freezing cell cytoplasm which prevents metabolism

2. By freezing water surrounding the cell. Osmosis then causes water within
the cell to leak out. After the frozen water outside the cell thaws (gen-
erally within 10 minutes), water rushes into the shrunken cell at a very

high rate causing the cell membrane to rupture.



3. By forming ice within the surrounding blood vessels. The subsequent

reduction in blood flow starves the cells.

Some cells show resistance to freezing; especially those close to blood vessels
[8]. As such, surgeons often use cryotherapy in conjunction with chemotherapy

or other forms of tumour-ablative therapies [25, 26].

1.1.3 Brachytherapy

Brachytherapy refers to the short distance application of radiation for the
treatment of cancer. Low-dose radiation (LDR) brachytherapy uses low-dose
radioisotopes called seeds that get permanently implanted in the patients
hbody. These sources emit very low radiation that is absorbed by the tis-
sue immediately surrounding the seed. The seeds are manually loaded into
long, hollow needles. Inert spacers are placed in-between contiguous seeds. A
plunger behind the last seed is used to drop the seeds (see Figure 1.1). The
procedure aims to implant seeds in a uniformly distributed pattern through-
out the malignant tissue. To achieve this goal, each needle must be accurately
inserted into the tissue following a particular path and to a specified depth.
Using radioactive seeds to deliver therapy localizes radiation to the tumour
site. This yields higher dosages as compared to external-beam radiation, has
a less deleterious effect on surrounding healthy tissue, and offers the ability
to contour the radiation close to the shape of the tumour. However seed mis-
placement can seriously reduce treatment efficacy. High deviations between
planned and actual seed placements result in areas of over and under-dosage.
This can leave some cancerous cells intact, which may then proliferate. There
are many factors that may lead to seed misplacement. Bone structures and

blood vessels may obstruct access to the surgical site [27]. Inaccurate posi-






1.1.4 Needle Insertion

In case of all tumour-ablative therapies namely radio-frequency ablation cryother-
apy and Brachytherapy, we are faced with the problem of ensuring precise and
accurate needle insertion. For a summary of work in this area, refer to [31].

Therefore, our effort concentrates on the following issue:

How do we guide a needle to a target without direct visibility
of either the target or the needle as it is being inserted towards the

target?

InterNAV1.0 was created in order to address this question and specific re-
quirement, the navigational software combines minimally invasive robotics,
electromagnetic tracking, and a navigational software. In this project, we are
therefore developing a platform for tumour-ablative therapies. Brachytherapy
serves as the example form of Tumour-Ablative Therapy used while designing

our experimental test-bed.

1.2 Thesis Summary

1.2.1 Motivation

On completion of the first version of the system (called InterNAV1.0), exper-
iments revealed an acceptable level of accuracy in guiding a needle towards a
target. However, several areas of improvement in InterNAV1.0 were identified
which, when addressed, would have the potential of significantly improving

the efficiency and accuracy of the system:

1. The usability of InterNAV1.0 was poor. With InterNAV1.0 users had to

interact to a great degree with the software and simultaneously control



the robot. This was not a user-friendly approach and needed to be

addressed in InterNAV2.0.

2. Constant lung motion was an issue not addressed by InterNAV1.0. This
could lead to distortion in the guiding of the needle and it was determined

to compensate for the same through InterNAV2.0.

3. The InterNAV1.0 system had an inherent limitation in that only one
seed could be dropped at a time. Furthermore, no pre-planning was
possible. To circumvent these limitations, InterNAV2.0 had to integrate
with a pre-operative planning software and ensure finer control of seed

insertion.

4. In case of InterNAV1.0, the sensor system was attached “externally”
to the needle. An embedded sensor system was requried to improve
the efficiency and end-user benefit. The InterNAV2.0 system moved to
an embedded sensor system and this required changing the underlying

library user to acquire sensor data.

Designing the software which would address the lacunae identified above
and incorporating the same in InterNAV2.0 leading to a more efficient and

user-friendly system was the driver for the work described in this thesis.

1.2.2 Problem

All proposed improvements were not feasible given the state of InterNAV1.0.
InterNAV1.0 had a limited scope of combining minimally invasive robotics,
electromagnetic tracking, and imaging. Beyond this, it provided little support.
The ability to add new features was greatly hampered because InterNAV1.0

was designed in a very monolithic fashion and did not lend itself to any changes
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or addition of features. The software structure of InterNAV1.0 is presented in

a subsequent section of this thesis.

1.2.3 Solution

A two step approach was taken to address the above limitation:

1. Refactor InterNAV1.0 into a platform that is more conducive to the

addition of new features, now and in the future.

2. Implement the specific features identified in 1.2.1 above, to significantly
improve the accuracy and efficiency of the system beyond the levels of

InterNAV1.0.

1.3 Image-Guided Surgery

Image-guided surgery refers to the use of an image based computerized system
during surgery. Computers can help in planning a surgical procedure, carrying
out the procedure, and following up with the treatment after surgery. Com-
puters help in combining imaging, visualization (reconstruction), registration
(applying semantics / meaning to a computerized image), and navigation (al-
lowing users to “travel” through a virtual reconstruction). Doing so offers the
potential of improving patient outcomes by reducing surgical morbidity and
mortality.

The first type of surgery to explore the use of image-guided surgery sys-
tems was neurosurgery [32]. In addition, image-guided surgery has found ap-
plications in orthopaedic surgery [33], breast cancer biopsy and therapy [34],
prostate cancer biopsy and therapy and various other forms of surgical proce-

dures.



1.4 Minimally-Invasive Robot-Assisted Surgery

Minimally Invasive Robotics-Assisted Surgery improves precision, reduces op-
eration time, and minimizes invasiveness {35, 36].

Various groups have developed devices and robotic systems that aid in
needle insertion and alignment. These include a lockable arm that controls a
motorized needle driver [27], and a needle-insertion device allowing translation
and rotation for prostate Brachytherapy {28]. Another group has developed a
robot designed to carry a needle that can be operated in an MR-compatible

fashion [30].

Magnetic resonance (MR) imaging is used to visualize various structures
and functions in the body. Across any plane, it can provide detailed images
of a patient’s body. Compared to other forms of imaging, MR provides better
contrast of soft tissue. This makes it especially useful in neurological, car-
diovascular, and oncological imaging. The body has many hydrogen atoms.
MR uses powerful magnetic fields to align the magnetization of these hydrogen
atoms in the body. Radio waves then alter the alignment of this magnetization.
This alteration causes the hydrogen atoms to produce a rotating magnetic field
that gets detected by a scanner [37].

The Robotics and Real-Time Systems group at the University of Western
Ontario has developed a 3D-ultrasound guided macro-micro robotic system
for prostate Brachytherapy. The macro robot positions the micro robot. The
micro robot generates an RCM (remote-center of motion) and inserts the seed
using 3D ultrasound guidance [38, 39]. Most of these systems have been de-
signed for percutaneous needle insertion, primarily for prostate Brachytherapy.
Some groups have developed motion control systems for prostate Brachyther-

apy that automatically position and drive the needle along the insertion axis



[40]. A more in-depth look at the work done in this area can be found in [29].

For percutaneous procedures, a 5-DOF teleoperated robotic system has
been developed in [41]. Degrees of freedom (DOF) refer to a set of indepen-
dent displacements. These displacements completely specify the displaced or
deformed position of a body or system. An object moving in 3D-space has
three DOF’s across translation, while a rigid body has at most six DOFs in-
cluding three rotations. Translation is the ability to move without rotating,
while rotation is angular motion about some axis [42]. The system is directly
mounted onto the patient while providing haptic feedback during needle inser-
tion. In [43], a percutaneous needle insertion robot using real-time imaging is

discussed. The system uses image guidance to perform real-time compensation

for patient motion.

The complexity of the problem and the difficulty in getting regulatory
approval have so far resulted in not one device in this list being available
commercially for clinical use. However, another line of medical robots have
been approved for clinical use. These include three surgical robotic systems
for endoscopic surgery: the da Vinci (Intuitive Surgical, Inc.), the AESOP and
the ZEUS (Computer Motion, Inc.). Endoscopic surgery involves the use of
small incisions and ports. An endoscope is inserted through one of the ports
and laparoscopic instruments and an ultrasound probe through others. In the
case of Lung Brachytherapy, a specially designed seed insertion device can be

inserted through one of the ports.

Combining previous technologies, a novel method has been proposed in
[29]. It performs Brachytherapy by accessing the lung through small incisions

in a minimally invasive manner using a computer integrated system.
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1.5 InterNAV1.0

Surgical navigational systems serve two purposes: target identification, and
instrument pose determination. Image guidance serves to accomplish the for-
mer. Sensorised tracking serves to accomplish the latter. These help guide
a tool or device to desired targets. InterNAV1.0 was designed and developed
based on these fundamental requirements. It integrates various hardware com-
ponents using underlying software frameworks. The hardware informs about
instrument location and imaging. The software fuses these hardware inputs

into a comprehensive graphical user interface.

1.6 Thesis Outline

Canadian Surgical Technologies & Advanced Robotics (CSTAR) is a centre
dedicated to the development and implementation of the next generation
of minimally invasive surgical technologies. One of the flagship projects at
CSTAR deals with Lung Brachytherapy. It incorporates minimally invasive
robotic technologies for the direct implantation of Brachytherapy seeds into
lung tumours.

Experiments have been conducted using InterNAV1.0; however, several av-
enues for improving the end-user efficiency and accuracy have been identified.
This thesis discusses the designing and implementation of the software rel-
evant to those improvements and the experiments to measure their efficacy.

The changes included improvements to the:
1. User Interface

2. Robotic Controls
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3. Integration of dosimetry software for pre-operative planning and post-

operative evaluation

4. Integration of embedded sensors

5. Addition of predictive neural networks to model and eventually compen-

sate for respiratorv movement

Chapter 2 explains the original system (InterNAV1.0) and how the different
components work. A discussion of ultrasound imaging and electromagnetic
tracking is provided. Details of the hardware components - the surgical robots

and prototype medical devices - used in the system are provided.

Chapter 3 covers the key contributions of this thesis. It describes the
designing and implementation of all utility and efficiency features added to
InterNAV1.0 over the course of the development of InterNAV2.0. These in-
clude improvements to the User Interface, addition of robotic controls, neural

networks, improved sensors, and dosimetry planning,.

Chapter 4 discusses experimental evaluations of the new system. Experi-
ments were conducted that performed side-by-side comparisons of InterNAV1.0
and InterNAV2.0 in a number of different metrics. Results exemplify the sig-
nificant quantifiable improvements brought about by InterNAV2.0, the subject

matter of this thesis.

Finally, Chapter 5 presents concluding remarks and suggested future work
on the software aspect of the system. The suggested feature set can be con-

sidered as comprising the requirements for the development of InterNAV3.0.
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1.7 Original Contributions

This thesis is based on original and innovative ideas leading to the achievement
of desired outcomes. Key emphasis is on specific concepts in this section.
The first area of original contribution is a new and significantly different ap-
proach which has been taken regarding the virtual reconstruction of surgical
sites. Conventionally, virtual reconstructions involve the placing of instru-
ments in a three-dimensional world with the user being able to move through
this world by manipulating the position and orientation of a world camera.
However, this technique was found to be cumbersome and hence inappropri-
ate. An easy and intuitive mastery over the movement was difficult for the
user. Most often, there is a primary object of concern in this world - in the
case of InterNAV1.0, the needle. The user, in third-person had to navigate the
needle to the target. In the development of InterNAV2.0 it was determined
that representing the world from “the point of view” of the main object, in
this case the needle, was a more intuitive and efficient way of constructing
virtual surgical sites. Chapter 3 discusses how such a paradigm shift has been

implemented in InterNAV2.0.

The second area of original contribution revolves around dosimetry plan-
ning. This thesis represents the first attempt at dosimetry planning for lung
Brachytherapy. The implementation carried out allows for pre-operative plan-

ning and real-time tracking of the seeds as the plan is being carried out.

A third area of original contribution involves neural networks. This the-
sis has laid down the foundation for the ability to integrate predictive neu-
ral networks into InterNAV2.0 in order to compensate for respiratory motion
during seed implantation. While the particular prototype neural network im-

plemented has not bheen tested, the underlying mechanisms have been added
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such that the inclusion of a new neural network becomes much easier.

1.8 Collaborative Contributions

The development of InterNAV2.0 has been a collaborative effort of the team

at CSTAR under the guidance of Dr. Patel. Collaborators include:

1. Collaboration with Harman Bassan in modifying the robotic controllers
to be able to programmatically control them. Subsequent to those hard-
ware modifications, the software library was built to activate and com-

municate with the AESOP arm as a contribution of this thesis.

2. Collaboration with Ana Luisa Trejos in helping make the shift to the
improved and embedded sensor system and designing the experiments.
Subsequent to implementing the necessary hardware modifications to
embed the sensors, InterNAV1.0 was refactored to support easy switching

between different sensor systems, as a contribution of this thesis.

3. The neural network implementation is Sushil Kumar’s contributions via
his Masters thesis. His Matlab implementation was ported to C++ and
subsequently was integrated into InterNAV2.0, as a contribution of this

thesis.

4. In order to integrate in dosimetry planning with InterNAV2.0, neces-
sary modifications to a prostate Brachytherapy planning software were
designed with the help of Chandima Edrisinge. Chandima then imple-
mented those changes and the software was integrated into InterNAV2.0,

as a contribution of this thesis.
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5. Finally, experiments were conducted jointly with the help of Ana Luisa

Trejos, Amy Wei Lin, Harman Bassan, and Greig McCreery.
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Chapter 2

System Overview

Before delving into the different components of the system, two key parts of
the system — ultrasound imaging and electro-magnetic tracking — need to be

understood and are discussed below:

2.1 Imaging

Image acquisition plays an essential role in image-guided surgery, as suggested
by the name. There are many different imaging modalities and an exploration
of some of them appears below. The most common modalities include radiog-
raphy, fluoroscopy, tomography magnetic resonance imaging, and ultrasound.

Radiography involves the exposure of receptors (e.g.: photographic film)
to x-ray — a form of ionizing radiation. While x-rays can penetrate some
solid objects, they nonetheless get weakened by them. This weakening of the
amount of x-ray received by the receptor at certain points (where a tissue of
sufficient density is encountered) yields an internal image of the body. Bone

and certain organs, such as lungs, lend themselves well to x-ray. One risk in
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x-ray lies in the high radiation it exposes patients to.

An offshoot from Radiography, Fluoroscopy involves real-time feedback
using x-ray. By sending a stream of x-ray and injecting the patient with
contrast media (e.g.: barium), organs can be visualized as they work. To
offset the negative effects of the constant streaming of x-ray, doctors often use
low dose rates (amount of radiation emitted); however, the length of exposure
ultimately results in a high amount of absorbed dose.

Tomography refers to the method of obtaining single slices of an image.
Types that use x-ray include linear, poly, and computed tomography. Linear
Tomography provides the most basic method of tomography. It involves a
simple movement from point A to point B. Poly Tomography involves more
complex geometric movements (circular, hypo-cycloidal, elliptical etc) as dic-
tated by the desired image. Computed Axial Tomography (or CAT scan)
produces three dimensional images by taking various two dimensional x-ray
slices and stacking them together. They provide a very good source of informa-
tion for diagnosis. However, among other things, their expensiveness inhibits
wide-scale use.

The human body is composed, in large part, of water. MRI (defined previ-
ously) takes advantage of this by using magnets that excite the hydrogen nuclei
in these water molecules producing a detectable signal. While x-ray type imag-
ing techniques focus predominantly on hard tissues (like bones) blocking the
wave, MRI focuses on soft tissues making it an ideal modality for viewing tis-
sue in places like joints. Further, the absence of ionizing radiation makes MRI
safer than x-ray imaging techniques.

Terahertz radiation represents frequencies invisible to the naked eye. Rang-
ing from frequencies above the microwave (0.1 THz) to frequencies below in-

frared (10 THz), it represents the latest exploration in the spectrum of electro-
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magnetic waves [44, 45]. Terahertz radiation works on the same principle as ul-
trasound — the reflection when traveling between media of different impedance.
It can provide for many useful applications in medical imaging including char-
acterization and classification of skin, fat, muscle, and other tissues resulting
in in-vivo images for diagnosis [46, 47, 48, 49, 50]. Its spectral location between
microwaves and infrared places it into a multi-disciplinary research area be-
tween optics / photonics and microwave engineering / semiconductor physics.
Due to this as well as due to the physical difficulties in creating an efficient
generator of Terahertz radiation, it remains relatively recent among the range
of medical imaging [45]. Traditional sources of microwaves were unable to
generate Terahertz radiation due to thermal effects on efficiency — electronic
oscillators that can reach Terahertz range goes beyond the limits of high-speed
electronics. On the other end of the spectrum, optical technologies deal with
oscillations orders of magnitude too large for Terahertz [51]. However, newly
engineered semi-conductor crystals are able to do so when hombarded by light
pulses.

Ultrasound uses high frequency longitudinal sound waves — in particular
their reflection from tissues - to construct relevant images. When sound travels
between two media of different densities, it is partially reflected due to an in-
duced change in velocity. This reflection allows a detector to reconstruct such
boundaries, and therefore, the tissues texture. While providing less anatom-
ical information than other imaging techniques, it possesses the advantage of
versatility (in the size of the necessary equipment) and safety (in the lack of
ionizing radiation).

The basic process of ultrasound imaging involves

1. Generating and transmitting the ultrasonic waves into the body.
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2. Capturing the waves reflected from tissue boundaries.

3. Calculating the distance to the said boundaries (using the time between
sending the initial wave and receiving the echo) and displaying the dis-

tance along with the intensity of the echoed reflection.

One of the major drawbacks in ultrasound imaging lies in the amount
of noise generated. Noise refers to the anomalies or artifacts in an image.
Computer algorithms are used to compensate for the high degree of noise by
weeding out these artifacts from images. Such artifacts, if present, can lead
to incorrect diagnosis — which is why, interpretation of ultrasound imaging is
more subjective than objective.

The most prevalent type of noise in ultrasound images is called speckle.
Speckle noise refers to interference caused by randomly distributed scatters,
too small to be resalved by the imaging device — in effect, an artifact result-
ing from coherent radiation. Coherent ultrasound pulses, being sound waves,
interfere constructively and destructively causing speckle [3]. The smallest
sample volume within which neighboring targets can be discerned is termed
resolution cell. In speckle noise, sub-resolution reflectors (such as red blood
cells) each reflect the ultrasound waves at different amplitudes and phases.
When these unwanted intensities add up, they cause signature differentiation
in, what should be a homogeneous surface. This multiplicative noise reduces
both spatial resolutions (number of pixels utilized in construction of a digital
image) as well as contrast resolution due to the relatively large spatial extent
of the interfering pulses [5]. This results in compromised diagnostic value.
Further, the presence of noise makes automatic analysis of ultrasound images
(using a computer) difficult since it presents false information whose detection

is not always easy.
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Both resolution and penetration depth of ultrasound images depends on the
frequency with which the ultrasound waves are transmitted. Higher frequency
leads to better resolution but lower penetration depth and vice versa. The
ideal balance between the two depends heavily on the application — what the
user wants out of the image. In the case of 3D US, the resolution is also
affected by the width between the original 2D slices — the narrower the width,
the better the resultant resolution [6].

Propagation velocities of Ultrasonic waves are dependant on tissue resis-
tance to compression. The average velocity in tissue remains at 1540 m/s.
Propagation velocity plays a critical role in calculating distance of the re-
flected waves. Thus the accuracy of distance determination depends on the
reliability of presumed propagation velocity.

Each modality provides advantages and drawbacks. For the InterNAV2.0
system developed here, ultrasound (us) was chosen as the imaging modality of
choice. It remains well established, versatile, and pervasive [52]. In all three
arenas — cost, portability, and speed — ultrasound imaging performs relatively
well [53, 54]. These practical advantages make ultrasound well suited for in-
field use (especially as a first-line examination) and as an imaging technique
for active research [53, 55]. Furthermore, laparoscopic ultrasound probes lend
themselves well for use with surgical robots by easily attaching them onto

existing arms.

2.2 Electro-Magnetic Tracking

Tracking systems track the position and orientation (pose) of objects. Two
types exist in the arena of Image-guided surgery — optical and electromag-

netic. Optical systems can provide high accuracy but have some limitations.
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They require direct line-of-sight. For this reason, an electromagnetic tracking
systems (EMTS) has been chosen for the experimental setup.

Sensor pose can be tracked inside and outside patient bodies and remains
independent of the instrument being tracked. However, EMTS suffers from loss
of sensor accuracy due to distortions of the magnetic field caused by electro-
magnetic interference from various objects in the neighbourhood. EMTS con-
sist of a magnetic field generator (transmitter), a magnetic field sensor (re-
ceiver) and a computing unit. The generator creates an electro-magnetic field.
The sensor receives and senses the said field and relays that information to
the computing unit. The computing unit determines the location of the sensor

using the information.

2.3 Hardware Components

Figure 2.1 shows a picture of the setup. The system consists of a Video Assisted
Thoracoscopic Surgery (VATS) box, surgical robotic arms, a seed injector, an
ultrasound machine, an electromagnetic tracking system, video monitors, a

computer, and an endoscope. These components are described below.

2.3.1 VATS Box

In Video Assisted Thoracoscopic Surgery, surgeons usually work through two
to four 1 cm openings between the ribs while they are provided with an image
of the internal organs through an endoscope (camera) and a TV monitor.
The VATS box used in this study provides the experimenter with a similar
limitation in instrument motion and indirect vision of the surgical site.

For Brachytherapy experiments, the needle, ultrasound probe, and camera
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Traditional percutaneous procedures, offer only very small corrections in
the needles path after entering the body. Ports allow significant adjust-
ments to tip position and orientation prior to penetrating the cancerous

tissue. This helps in accessing deeper tumours.

2. Small incisions significantly mitigate the procedures invasiveness without
sacrificing outcome. The navigation system improves guidance, even

compared to those available in an open surgery procedure.

3. Current systems deal with tumours close to the skin that can be accessed
percutaneously. However, the proposed system can access tumours lo-

cated deep inside the body, e.g., in the lung, the liver and the pancreas.

4. The navigation system yields accurate and straightforward needle place-

ment.

5. The seed insertion device allows very accurate movement between the
needle barrel and plunger. This ensures that the correct number of seeds
get deployed. Furthermore, the seeds do not get retracted as the needle

barrel retracts, which increases placement accuracy.

6. Real-time imaging and a robotic system mitigates seed misplacement

due to tissue shift. Organ motion tracking further improves placement.

Finally, needle deflection causes placement error. The presence of electro-
magnetic trackers at the needle tip reduces the effect of such error by allowing

the user to detect the deflection and compensate for it [57].
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Chapter 3

Enhancements

The difficulty in guiding the needle towards the tumour is in the possibility
that the target tumour may reside within the lung and is thus not visible.
The clinician may have little idea of the penetration depth, or if the needle
will reach the tumour given its current orientation. Recall that in minimally-
invasive environments the endoscopic camera provides the only source of visual
information. However since the endoscope is simply a video camera showing

organ surfaces, it is of little use in needle guidance itself.

To solve these problems, InterNAV1.0 represented the spatial relationship

using virtual reconstructions of the instruments and ultrasound image.

3.1 Main InterNAV1.0 GUI Components

The InterNAV1.0 GUI shown in Figure 3.1 consists of five views (Ultrasound,

World, 3D Position and two 2D Position views) as well as the Systems Control

dialog,.
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