


Fig 54

(Fig 54) This is the experimental setup in our laboratory, using a realistic artificial heart,
a Philips 3D ultrasound system, and our snake end-effector mounted on a LARS robot.
One challenge was that the robot is fairly slow and the particle’s motion within the heart is

often very fast.

Fig 55

(Fig 55) However, we also realized that there are eddies within the heart that the particle
can be trapped in for a few seconds. So if we watch the particle for a while, we can predict
where it will be again soon and go wait for it, sort of like a bass waiting for a minnow to come
by. Here we see the probability map being built up(right figure). The computer decides where

to wait for the particle. The robot goes there and retrieves the particle.
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APL Large Lumen, Dexterous Snake for MIS

= Joint project with JHU APL

* Innovative fabrication process completely
isolates drive cables
= Current prototypes
— 2 DoF (C-bend) and 4DoF (S-bend)
— Nitinol structure with high stiffness
— 6 mm OD; Large 4 mm lumen allows insertion of
surgical instruments
* [nitial application: Minimally-invasive
curettage of osteolytic lesions

M. Armand, R. Taylor, M. Kutzer, R. Murphy, S. Segrett,i F. Alambeigi, |. lordachita, H. Liu, Y. Otake et al.
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Fig 56

(Fig 56) In the past few years, I have also been collaborating with my colleague Mehran
Armand and others on another sort of snake-like robotic end effector. In this case, the snake is
essentially a bendable metal tube, with a 6 millimeter outer diameter and 4 millimeter inner

diameter through which we can pass surgical tools.

Treatment of Osteolytic Lesions
M. Armand, R. Taylor, M. Kutzer, R. Murphy, S. Segrett,i F. Alambeigi, I. lordachita, H. Liu, Y. Otake et al.

b ] a

/STEM

« Indication: Osteolysis behind a
well-fixed acetabular component

— Leads to component loosening
and failure of THA

» Surgical Goals
— Minimally invasive removal of
the osteolytic lesion
— Treatment of the lysis without
full replacement of the
acetabular component \
« Surgical Procedure
— Access the lesion through the
screw holes of the acetabular
component (minimally invasive)
— Remove and grafting the lesion
— Replace the polyethylene liner

oY== ]
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Fig 57

(Fig 57)  Our initial application is treatment of osteolytic lesions in revision hip surgery.
Hip implants typically have a polyethylene liner between the cup component fixed in the
pelvis and the ball of the stem component fixed in the femur. Wear particles from the liner can

sometimes work their way behind the cup, causing the bone in the pelvis to turn to mush. Left
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untreated, this can cause a fracture or can cause the implant to loosen. It is relatively
straightforward to do surgery to replace the liner, but the material in the osteolytic lesion
must be cleaned out and replaced with epoxy cement or some sort of bone graft material.
Unfortunately, the cup is still held firmly to the pelvis by bony ingrowth into the surface of the

cup. Removing it to get to the lesion can cause a fracture.

APL Minimally-Invasive Osteolysis Curettage

M. Armand, R. Taylor, M. Kutzer, R. Murphy, S. Segrett,i F. Alambeigi, . lordachita, H. Liu, Y. Otake et al.

|
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Fig 58

(Fig 58>  Our approach is to insert our snake device through holes in the cup or through
small holes drilled into the bone behind the cup and to deploy tools through the snake in order

to clean out the cavity from the inside.

Statistical process control for radiation therapy

Overall Goal: Use a
database of previously
treated patients to
improve radiation
therapy planning for
new patients

Team:

CS: R. Taylor, M.
Kazhdan, P. Simari, A.
King

BME: R. Jacques

Rad. Oncology: T.
McNutt, J. Wong, B.
Wu, G. Sanguinetti

Support: Paul Maritz,

Philips, JHU internal
funds
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Fig 59

(Fig 59) I could give many other examples, but I would like to turn briefly to the statistical

process control aspects of computer-integrated interventional medicine.
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We are beginning to use statistical methods and data bases to improve the quality of
treatment processes, in this case in radiation therapy for head and neck cancer.

The Johns Hopkins Radiation Oncology Department has been building a data base of
patients to facilitate both clinical care and research. As Ted DeWeese, the department chair,
explains: in the long term, when he sees a patient, he would like to know which patients in the
data base most resemble this patient, in rank order what are the complications that patients
like this may be likely to experience, and what treatment options have worked best for
patients like this.

Here is one example of some joint work with Todd McNutt and to exploit this data base to

improve therapy planning.

Conventional Radiation Therapy Planning

Specify Optimization Optimize

Goals & Constraints

Y
h 4

v
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parameters
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& visualize results
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& Surrounding
Structures
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-
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Dosimetrist

Yes

P e

Treat Physician Approves? Treatment plan
" =]
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Fig 60

(Fig 60) The goal is to plan a pattern of radiation beams that delivers a prescribed
radiation dose to the tumor while minimizing the dose to surrounding critical structures like
the spinal cord, eyes, and salivary glands.

This is a very difficult problem for the computer. So in conventional planning, a dosimetrist
sets up a simpler optimization problem that the computer solves to get an approximate
answer. The computer makes a very accurate simulation of this plan using the patient’s CT
images and displays the result. The dosimetrist then modifies the optimization criteria, and
the process continues until there is a plan that both the dosimetrist and the physician accept.
This can take many iterations, and the plan quality depends on human judgment of when to

stop, based on experience to predict how good a plan will be feasible for this patient.
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T. McNutt, B. Wu, M. Kazhdan, P. Simari, A. King, R. Jacques, J. Wong, R. Taylor
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Fig 61

(Fig 61) To improve the planning process, we were able to develop an efficient way to
characterize the geometric relationship between the tumor and surrounding structures and to
use this descriptor to search our data base of previously treated patients.

As a quality control check, given a proposed treatment plan, we can search the data base for
similar patients whose plans do a better job of sparing surrounding structures while treating
the tumor. If we apply the optimization criteria for the data base patient to the current
patient, we find that in many cases the resulting plan is better.

Similarly, if we use the data base to find the best plan for a previously treated similar
patient as a starting point for planning, we can produce a plan in a very small number of
passes through the interactive process that is as good or better than the conventionally

produced plan.
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Sample automated radiation planning result
T. McNutt, A. Patriciu, B. Wu, R.. Taylor et al.
Original plan Automated plan 30% reduction in dose to parotids
08r----M--Q---- Auto plan b |
oa \ Original Plan A
Dot: right |
n NN No-dot: left Y |
06 2
05
L
03
02F---mbmmmmdemnde oS
o N\
10 20 3:0 40 50 ] 80
Dosef Gy)
brain (Gy) (max) Brainstem (Gy) (max) Cordd4mm (Gy) (max) L inner ear (Gy)(mean)
original 61.25 54.58 41.75 57.18
re-plan 56.33 46.48 37.89 43.72
R inner ear (Gy) (mean) mandible (Gy) (max) larynx for edema (V50) esophagus (Gy)max)
original 40.57 66.58 61% 63.74
re-plan 38.38 63.78 59% 61
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Fig 62

(Fig 62)

salivary glands.

Here is one example showing significantly reduced radiation dose to the patient’s

This planning method is now in the clinical workflow at Johns Hopkins.

The computer-integrated operating room

PACS, other
patient data bases

Data Logging &
Summary

Logistics &
scheduling

t

Imaging systems| _ Assistant

- Xray, US, vy ;
-CT. MRI, etc. LU

Anesthesia, vital signs,
logistics, back table, etc.
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Robots

for Computer

Fig 63

YT

(Fig 63)

years. Computer-integrated interventional medicine is not about any specific robot, imager, or

In concluding, let me return to the larger themes of my work over the past 25 or so

other piece of technology.

I believe that the operating room of the future will be a highly modular, information-rich
environment in which many different devices and subsystems will work cooperatively with the
surgeon and will also be completely integrated into the broader information infrastructure of
the hospital.

In many ways, computer-integrated health care delivery will resemble computer-integrated
manufacturing, with the same emphasis on precision, quality, and continuous process

improvement.
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The computer-integrated operating room

Manipulation
assistance

Paﬁent
Loop

Intraoperative
analysis
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Fig 64

(Fig 64) Here is a block diagram of how the information flow might look in this
environment. Here are the “blue loops” of my earlier diagram, showing treatment processes
for individual patients. And here is the “red loop” showing the use of information to improve

treatments for future patients.

The computer-integrated operating room

Manipulation [¢"} Postoperative
assistance ] analysis &
process
Intraoperative === improvement
information e+~ 5
support
Intraoperative Compcljet?
= analysis agie
intervention

Preoperative
images &
other data

N
Qutcome
data
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Fig 65

(Fig 65) Note that this picture stays pretty much the same, whether we are dealing with

minimally-invasive robotic surgery ...
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The computer-integrated operating room
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assistance i_| analysis &
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sensors
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The computer-integrated operating room
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Fig 66

(Fig 66, 67)

Fig 67

or microsurgery or, indeed, other forms of interventions.

Strong and committed
teams

— Clinicians
— Engineers
— Industry

Focus on systems that
address important needs

— Driving applications
— Modular interfaces
— Integration

Rapid iteration with
measurable goals
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How can we get there?

Fig 68

(Fig 68)

really just beginning.

Working in an area like this has been extremely rewarding, and the journey is

One of the key lessons that I have learned is the importance of working in teams with

clinicians who understand the needs and problems, with engineers from many different fields,

and with industry partners who have unique expertise and can make research available to the

public.

I have found also that taking a systems approach motivated by real applications, as well as

continued feedback and interaction among the entire team is often a key to success. Working

in teams also makes working in this area fun.
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The real bottom line: patient care

* Provide new capabilities that 7
transcend human limitations
in surgery

* Increase consistency and
quality of surgical treatments

* Promote better outcomes and
more cost-effective processes

in interventional medicine 7\
4

&/

O
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(Fig 69) In addition to being fun and technically interesting, working in this area is truly

rewarding in other ways. The ultimate “end user” of computer-integrated interventional
medicine i1s the patient, and some of the most satisfying occasions for me have been when I
have gotten to meet someone whom our technology has helped.

The emerging three-way partnership between physicians, technology, and information can
enable development of novel ways of treating patients that would not otherwise be feasible,
while at the same time improving safety and treatment quality and reducing patient
morbidity. Further, by promoting better outcomes and more-cost effective treatment

processes, we can address a serious and growing need in our society.

Finally ... And Most Importantly
T
1N
ey
e
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Fig 70

(Fig 70)  Finally, and most importantly, I wish to thank my wife, Beverley Pederson, and
my son, Sam Taylor, who make it all worthwhile.
H This report can be viewed in the Honda Foundation’s website.

You may not use the proceedings for the purposes other than personal use without the
express written consent of The Honda Foundation.
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