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ABSTRACT

Robotic surgery is a powerful, new method for performing minimally
invasive surgery (MIS). The method allows complex procedures through
incisions which are 10 mm or less. Robotic surgery has grown rapidly because
small MIS incisions result in rapid patient recovery compared to conventional
methods.

Although surgical robots have the potential of long distance control,
insufficient data is available to determine whether long distance robotic surgery,
or telesurgery, is practical. Telesurgery could provide multiple benefits,
including dissemination of expertise, widespread patient care, cost savings, and
improved community care.

We describe a series of experiments to investigate telesurgery using a
one of a kind telesurgery platform and ground- and satellite-based Internet
networks. The networks provided the redundancy and quality of service that
would be required for human surgery.

Tolerances for performing surgical tasks over a long distance were
unknown. We show that operators using the platform can complete dry lab
manoeuvres with communication latencies up to 500 ms, with no appreciable
increase in error rates. Such latency would be equivalent to a North American
transcontinental distance, implying a wide range of telesurgical capability.

The characteristics of ground- and satellite-based Internet networks for
telesurgery were unavailable. We demonstrate that emulated surgery in
animals can be effectively performed using either ground or satellite. The
networks can reliably support surgery, and satellite-based surgery can be
performed even though latency exceeds 500 ms. Further, satellite bandwidth
should be above 5 Mb/s for telesurgery applications. Satellite networks could
be used either for back up or primarily where a community does not have

ground-based equipment.
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Methods of training operators for telesurgery had not been explored. We
demonstrate two methods of training for telesurgery. Operators doing dry lab
surgical manoeuvres performed equally well either with sequentially increasing
latency or with full latency only, suggesting that both methods of training may be
effective.

Telesurgery can become a practical method of treatment. Within a few
years, more widespread platforms and telecommunications may exist to launch

everyday telesurgery procedures.

Keywords: Telesurgery; telemedicine; robotics; surgery; latency; satellite;

Internet; remote care
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Chapter 1

1.1 Introduction

Robotic surgery overview

Robotic surgery is a new modality for minimally invasive surgery introduced over
the past ten years. Minimally invasive surgery (MIS) involves the use of keyhole
incisions to perform surgeries of the abdomen, chest, brain, or joints. By using a
camera scope, MIS procedures are done with a video monitor. The camera,
instruments, and other devices and introduced using hollow cylinders, or ports,

placed through the body wall.

Until the advent of robotics, only simple MIS procedures could be performed.
Dexterity, visualization, and instrument control were suboptimal with traditional MIS
instruments, and did not allow procedures more complex than gall bladder removal
to be done (1). With robotics, the surgeon is able to control multiple instruments
from a console, and has superior, natural dexterity, while viewing a three

dimensional image of the surgical site.
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3.3.2 Effects of satellite bandwidth

The effects of bandwidth degradation were studied to identify minimum
acceptable requirements. Since bandwidth is an expensive resource, it was
important to identify such requirements for practical sys tems. To decrease
bandwidth every 10 min during the experiments, our London team
coordinated with industrial partners in both Ottawa and Toronto. This was
more difficult logistically. However, there were no significant delays in the
switching process. The image switchover to a lower bandwidth occurred
nearly instantaneously. There was noticeable pixilation at bandwidths below

ca. 5 Mb/s. Picture locking occurred in some instances.

The combinations of satellite and encoder bandwidths during the LIMA
dissection are shown in Figure 16. The ‘' symbols represent combinations in
which surgery was no longer possible, as determined by the oper ator and
observer team. For satellite bandwidth, this lower level was approximately 4
Mb/s. The quality of surgery was adversely affected as bandwidth was
degraded. There was a significant decrease in quality of surgery at bandwidth
3 Mb/s (average score = 4.10 + 0.80/5; p < 0.05) compared to 9 Mb/s

(average global rating scale score = 4.38 + 0.66/5), as seen in Figure 17.
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Satellite vs Encoder BandWith - Video Acceptability

~e—Satellite bandwidth
—o—Encoder bandwidth
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Figure 16. Satellite and encoder bandwidths were sequentially decreased to identify a minimum
level for telesurgery. The bandwidth ‘pipe’ is shown as concentric circles (8—0 Mb/s). Changes
in bandwidth combinations using 7 pigs are seen radially moving clockwise from spoke 1 in

the 43 spokes. m, satellite bandwidths at which surgery was no longer possible (ca. 4 Mb/s)
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different by switching modalities. Notably, satellite-based IP may be considered
as an alternative or back-up means if ground-based IP fails or is
unavailable. Satellite-based IP could also be used as a single source of
communication; however, the operator must be aware of longer delays and

should have redundant satellite access avail able.

The protocols of switching were restricted by our industrial partners. In the
ground—satellite comparison, this meant fixing the order of switching from
ground to satellite, rather than randomization. However, this order still
simulated a failure of ground-based IP and a switch to satellite back-up. In the
satellite experiments, sequentially decreasing bandwidth made finding a ‘point of

failure’ more definitive.

We were interested in defining a lower limit to satellite bandwidth. The costs of
satellite bandwidth are high, and users should be aware of what minima are
required. Our experiments defined approximately 4 Mb/s as a level at which
telesurgery could no longer be conducted. An appropriate ‘buffer’ in order to
maintain a comfortable picture quality would likely be around 6 Mb/s. Hanley
et al. (8) have correctly pointed out that cost is critical in ground-based
telesurgery, and satellite bandwidth is even more expensive. Although the
private bandwidth for our experiments was contributed by TeleSat Canada,

maintaining this by purchasing it privately could cost more than $100 000/month
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(11). Such access would need to be used nearly continuously by health care

providers to be cost-effective.

Despite these results, the latencies imposed by satellite communications were
perceivable and required constant compensation by the operator. There was no
automation in our system to correct for this. Degradations due to satellite
latency were of several types. First, movement-to-view delays occurred as the
operator commanded an instrument motion, which was not seen at the console
until approximately 500 ms later. A staccato ‘move and wait' strategy with smaller
instrument displacements was employed to counteract this. Second, minor
pixilation occurred, which impaired video interpretation. By waiting for the next
clear frame, the operator was able to continue with the surgical task. Finally,
double-handed manipulations with high latencies needed to be done in a slow,

deliberate manner to minimize errors.

In cases with complications, the operator may experience further pressure
and adaptation could be degraded. Trying to rush or ‘beat the clock’ may only
compound errors. Notably, McKenzie and Ware (12) have shown that latency has a
multiplicative (not additive) effect on degrading performance. The use of
predictive or virtual reality methods to overcome latencies =500 ms needs to be

explored (6,13).
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A manual switchover from ground to satellite communi cations and between satellite
bandwidths was conducted in our experiments. In practice, redundancies
should be automated in order to detect a primary failure and switchover to
back-up communications. If satellite were used primarily, then bandwidth

adjustments could be made ‘on the fly’ to provide effective resource utilization.

Whether telesurgery becomes a reality in North American or European
health care remains to be seen. McLean (14) has studied the legal and
ethical considerations for making this happen. There is inherent sense in
allowing special experts to more easily disseminate knowledge and skill to
patients. In reality, this would likely begin as intraoperative teleconsul tation and
then progress to telesurgery. Legal and licensing issues should be designed for

this. Patients could then appreciate the benefit of multiple experts for their care.
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Chapter 4

Investigation of learning and
training for telesurgery

Telesurgery is a new method of performing robotic surgery. Therefore, the training
of surgeons on such systems may differ from traditional methods. A break down of
surgery into basic tasks at sequentially increasing or full latency may show which
method of training is more effective. A comparison for training in telesurgery may

then be made.
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4.1 Introduction

Telesurgery is defined as the performance of robotic surgery over a distance using
a communication link. Telesurgery extends a surgeon’s reach, and can provide a
cost effective way for experts to operate on remote patients. Such communications
may increase training and collaboration between surgeons, reduce transportation

costs, and bolster impoverished communities.

Telesurgery is likely to expand over the next five to ten years. However, the
promise of telesurgery also introduces problems. Delays within a telesurgical
system can be 500 ms or more (1). The operator must cope with such delays.
Currently, there are no predictive or other tools available to compensate for this.

The training of operators for telesurgery will be critical.

The issue of remote teleoperation has been widely studied in non medical areas (2-
5). Compensations for latency have been divided into three broad categories. In
predictive control, predictive approaches provide a model for the remote slave
system to compensate for the delay. Bilateral control provides for dual input from
the master (force input to velocity output), and dual reaction from the slave (velocity
input to force output). Finally, teleprogramming allows supervisory control to the
operator and some local autonomy to the slave. Virtual reality (VR) techniques fit

into this category (4).
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The feasibility of long distance telesurgery was demonstrated by performing a
trans Atlantic surgical procedure on a patient with a prototype system (6).
Subsequently, an interim telesurgical service from southwestern to northern
Ontario, Canada was set up in which 21 patients were treated (7). In both cases,
the operator dealt with the ‘raw data’ of the telesurgery video source. In orderto do
so, operators slow down, or employ a ‘move and wait’ strategy to avoid past

pointing or other errors (8).

Methods of training and learning for telesurgery have not been yet investigated. A
training study for telesurgery is critical. The present study aims to evaluate training
for telesurgery by breaking surgery down into typical basic maneuvers.
Subsequently, we propose to identify differences in training proficiency by
comparing groups training with sequentially increasing latency versus full latency.
A public Internet connection is used to illustrate that such training may occur using

a low cost, accessible method.

We hypothesize that the training of subjects using a telesurgery simulator couid
show which methods of training are more effective, and that trainees experiencing
full latency (700 ms) throughout all exercises would perform better than those

training at zero latency and then adapting to the delay.
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4.2 Materials and methods

4.2.1 Experimental set up

A low cost, real world solution was sought to provide communications for the
exercises. The local area network (LAN) at The University of Western Ontario was
used as a telecommunications test bed. This provided a realistic, variable traffic
network. Latency was simulated using commercially available software (Shunra VE
Desktop, Shunra Software Ltd, Philadelphia, PA), which allowed a wide range of
delays, packet losses and other parameters to be simulated. For this investigation,

we chose to study 0, 350, and 700 ms delay.

The test exercises were displayed on a laptop with a commercially available web
camera (Logitech Quickcam, Fremont, CA), and a recording and receiving laptop
were connected (Skype Technologies S.A., Luxembourg, EU). The

telecommunications setup is shown in figure 18.
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performance research, and is derived from information theory (13). It can be used
to measure performance with simple target pointing tasks. Fitts showed that the
movements of a subject pointing within rectangle targets of varying width W and
distance between targets D could be quantified using information theory by the

expression:

D
ID = lng(W“i‘l\J

where ID is the Index of Difficulty. Note that the term ID has no units, and is

expressed in the unit ‘bits’ secondary to the choice of base 2 for the logarithm.

When completing a task, the Index of Difficulty divided by the time to complete the
movement (MT) will give a representation of the rate of task completion in bits / s.
This is also known as the Index of Performance (IP) and can be thought of broadly

as the ‘bandwidth’ of the subject while doing the task:

p=1D
MT

Rearranging and allowing for a non zero intercept ‘a’ of the subject, sometimes

thought of as reaction time, gives:

MT'=a+b-1ID
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where here a plot of Movement Time versus Index of Difficulty should give a
straight line plot with the inverse of the slope 1/b representing the Index of

Performance.

In this case, Fitts’ law was used to compare the performance of operators
experiencing sequential increases in latency (0, 350, 700 ms) to those experiencing
full latency only (700 ms). As subjects performed the Fitts’ law exercise, the
appropriate delay between mouse movement and cursor on screen reaction was
applied. Time for task completion, distance between targets, and target width were
automatically varied by the program. Each subject did ten repetitions of varying D

versus W combinations during one trial.

Fitts’ law applies well to an operator on a telesurgery platform for simple tasks.
During robotic surgery, the operator is constantly required to identify, locate, and
manipulate new tissue locations. This ‘target exercise’ is analogous to the target
pointing model set up here. In both cases, the operator must move back and forth
between specific locations. Additional, both require the operator to interact within a

human computer interface (HCI).

4.2.3 Experimental groups and analysis

Eight subjects from our lab were asked to perform the exercises. The subjects

were given preset general instructions and instructions on how to do the exercises,
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and were allowed one practice session before beginning. Subjects were randomly
assigned to do two exercise types with delays increasing sequentially in three steps
(0; 350; 700 ms). Three repetitions of the exercise were done at each latency.
The other two exercise types were done with full latency (700ms) at the outset.
Three sets of three exercises (total nine) were done with full latency. All exercises

were videotaped and subsequently analyzed for performance parameters.

Data were analyzed using SPSS 16.0. Statistical analyses for significance were
done using the Mann-Whitney U test for parametric data. Statistical significance

was considered when p was less than 0.05.

4.3 Results

There were no technical problems using the network setup. Additionally, the
network latency software (Shunra VE Desktop, Shunra Software Ltd, Philadelphia,

PA) worked well and was able to emulate desired latencies.

The results of the straight cut test are shown in figure 20. There were no
significant differences between the sequential and full latency task groups in time
to perform a straight cut, except in trial 1 (0 ms versus 700 ms). A similar result
was seen in the grasp steadiness test where mean number of off centre errors was

recorded (figure 21).
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4.4 Discussion

These experiments investigated different training options for telesurgery. Over the
exercises conducted, there was no significant difference between groups training
with sequentially increasing latency versus full latency only. The results suggest

that either method could be effective.

Earlier work in remote teleoperation concentrated on methods to compensate for
delay, rather than training the operator directly for it (2-5). In telesurgery, no such

methods have been developed.

We broke surgery down into some very basic maneuvers. These included object
placement, hold steadiness, straight line movement, and point to point targeting.
All of the tests had been previously used and validated for health care or other
disciplines (9 - 12). Surgery consists of more complex movements and higher
levels of visual, tactile, and other processing. However, the tests used were a
simple way to evaluate some ‘finite elements’ of surgery that are typical and

reproducible.

The results of the Fitts’ law test suggest that some training effect was occurring in
the full latency group. Comparing the first and last trials, the slope of line fit
decreased from 1.05 to 0.83 in this group. The reciprocal of the slope is the Index
of Performance, IP, in bits/s. However, this improvement was very similar to that

of the sequential latency group by the last trial (slope = 0.76). This again
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suggested that either technique produced similar effect. The correlation coefficient
of the Fitts’ prediction to the data was about 0.6. A further modification of Fitts' law
which considers latency as a co dependent variable has been suggested (14, 15).
This could be used in the future to refine performance measurements. We were

unable to apply it here since latency was held constant in one group.

The historic method for surgical training is the apprenticeship model. The trainee is
with more senior surgeons in the operating room. Learning and judgment evolves

from years of observation, progressive practice, and trial and error.

However, in the era of robotic surgery and telesurgery, this method may be
augmented. Although it is quite easy to observe, junior trainees will not get
‘console time’ on a $1.5 million dollar robotic system easily. Methods of training
must evolve with technology development. Today, robotic systems are similar to

aircraft or other equipment, both in cost and complexity.

The apprenticeship model may need to change to become more effective. For
telesurgery, our study suggests that trainees can prepare with or without latent
environments. However, in both cases simulation was necessary. More
sophisticated simulation models may show further differences in training methods.
Additionally, more realistic simulation can provide a training ramp to transition
junior personnel to real operating situations. Simulation can also train for new

techniques, equipment operation, or abnormal / emergency procedures.
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Both groups did equally well in the final trial of the exercises, whether they had
experienced full latency earlier or not. The results may suggest that the exercise
itself had a greater bearing on performance than did the addition of latency. If this
is true, it may bode well for future telesurgery where the essential difference is
latency. Our lab showed previously that complex surgery in animals could be
performed equally well on ground- and satellite-based networks (16). Latency on
the satellite network was much bigger than ground in these experiments (55 ms

versus 600 ms).
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Chapter 5

Conclusions and future work

This chapter concludes the dissertation. Section 5.1 provides summary results for

chapters 2, 3 and 4. Future work is discussed in section 5.2

5.1 Conclusions

The goal of this thesis was to define the requirements for telesurgery and identify
its limitations. This was done by setting up a realistic communications network,
using a robotic telesurgery platform to perform tasks and test network capabilities
and using a simulation set up to test training effects. The tasks showed that
telesurgery was feasible, and that the range of operation could extend 2000 km or
greater. Either ground- or satellite-based communications would support emulated
surgery. Additionally, trainees did equally well whether adapting from zero to
higher latency or conducting full latency tasks only. The results are summarized

below.
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5.1.1 Set up for telesurgery and its experimental investigation
(Ch. 2)

Before our work, telesurgery had been performed in anecdotal cases. There was
no structured data on the tolerance of operators for latency while doing surgical
tasks. This data would be important to define the feasibility of telesurgery. If the
tolerance for latency was too low, the speed of network transmission and encoding

would not accommodate telesurgery. A basic investigation of latency was required.

In this study, an industrial grade network with both ground and satellite capability
was set up. A prototype, telesurgery capable robotic platform was used to perform
dry lab surgical tasks. The platform was the only existing example worldwide, and

had been used to perform a trans Atlantic patient case.

Eight test subjects performed tasks with transmission latency sequentially
increasing from 0 to 600 ms, or randomly changing between 0 to 1000 ms. The
subjects did the tasks with no significance difference in completion time in the
sequential trials. During the randomized trials, tasks took significantly longer above
500 ms. There were no significant changes in error rates in either trial, except in
one instance. This change was a decrease in errors at 500 ms in the sequential

trial, which may be attributed to learning effects.
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The study showed that both short and long term learning occurred over the four
month duration. Short term learning was seen clearly as a subject encountered an
increased latency. Task performance time was much higher during the first
attempts at a higher latency, decreased markedly afterward, and then showed a
plateau at this decreased level. Long term learning was seen in trials during the

fourth month. Task times had decreased by the fourth month in all exercises.

This study showed that operators could perform well with transmission times of up
to 500 ms. This equated to more than 5000 km of distance over an optical
network, thereby providing a large range of capability. Operators could learn and
adapt to the tasks. Therefore, further steps to investigate telesurgery were

merited.

5.1.2 Emulation and evaluation of basic clinical procedures (Ch. 3)

Different telesurgery set ups had been used in the past. These were ground-based
networks during proof of concept patient telesurgery. The networks were

supported for a short term by industrial partners (1-5).

Such networks would be feasible in large cities or academic centers. However, in

small or remote locations, satellite communication could be more realistic and cost

effective. A study was needed to investigate the feasibility of ground- and satellite-
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based telesurgery. Additionally, performing procedures on animals could show

how operators coped with increased surgical cadence and risks.

A full network providing both ground and satellite communications was established.
The ZeusTS system was used for left internal mammary artery (LIMA) dissection
in pigs. There was no significant difference in either length of arterial dissection or
quality of surgery between the ground and satellite networks. Additionally, satellite-
based telesurgery was not feasible below approximately 5 Mb/s bandwidth. This

provided a baseline for minimum satellite requirements.

The study showed that telesurgery was feasible by both ground- and satellite-
based Internet protocol. This can potentially increase the reach of telesurgery.
Impoverished, remote, or endangered communities could have telesurgery access.
Mobile or temporary satellite dishes are much more flexible than ground
infrastructure. Therefore, such communities could be supported by telesurgery in

the future.

5.1.3 Investigation of learning and training for telesurgery (Ch. 4)

The apprenticeship model has been the mainstay of training for surgery. Surgical
residents learn by a graded progression of observation, task challenge, and
interaction. By the end of residency, accomplished trainees can conduct full,

complex procedures independently, can interact with the full surgical team (nurses,
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anaesthetists, support personnel), and can anticipate many steps ahead to judge

requirements.

Robotic surgery and telesurgery will not easily support the apprenticeship model.
Robot platforms are complex and expensive. The console is designed for a single
user. It does not allow a trainee to interact or operate with mentors. Developing

master-slave consoles for interaction would be advantageous.

Training for surgery must change to allow advancement. The advancement of
surgery is established in robotic surgery (6). The training paradigm is even more

significant when considering telesurgery.

This study investigated two ways of training for telesurgery. Simulation was used
as a mainstay of the study. Telesurgery tasks were simulated in dry lab using
typical manoeuvres at latencies between 0 and 700 ms. Subjects performed the
tasks either with sequentially increasing latency (0, 350, 700 ms) or full latency only
(700 ms). During the final trial of training, there was no significance difference in

performance at 700 ms latency. This suggested flexibility in methods of training.

The study suggested that training for telesurgery should be reconsidered from the
apprenticeship model. In practice, robotic surgery is usually conducted locally. In
the future, occasional telesurgery will be done. This lends itself to a model in which

trainees sequentially adapt to latency situations.
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The study represented a shift from the training models of the past. Surgical
simulation will become a significant aspect of residency training in the future. This
study provided two potential methods of simulating telesurgery training, both of

which were equally effective.

5.2 Future work in telesurgery

5.2.1  Advancing telesurgery platforms

Currently, there is only one clinical grade telesurgery platform. This platform has
does not have full functional capability. The ZeusTS platform was used in proof of
concept patient cases as well as in these experiments (1, 4). However, this
platform is not commercially supported. There has been no support for Computer

Motion technology since this company merged with Intuitive Surgical Inc. in 2003.

Intuitive Surgical Inc. has developed a telesurgery prototype platform and has used
it in dry lab and animal studies (7). This platform is supported by the company. It
is unclear whether it is being developed further. Limitations of the platform which
are publicly known are that the distant operator cannot control the camera
navigation of the robot, cannot clutch the robot in order to re centre console
controls, and cannot activate the electrocautery functions of the robot. These are

significant limitations which obviate full long distance control.
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Robotic and telesurgery platforms need to be further developed. Beyond the
shortcomings mentioned, the pace and capability of telesurgery platforms should
increase in order to meet user demand. An increase in telesurgery capable units

or prototypes will allow larger volumes of research to accelerate this technology.

5.2.2 Parameters for telesurgery networks

Communications infrastructure is continuing to grow. The demands of businesses
are driving cheaper and faster bandwidth development worldwide. The
implementation of Internet2 services last year marked a new stage in
communications performance (8). With Internet2, academic centers can have the
availability of up to 100 Gb/s bandwidth. Businesses or individuals will soon be
able to order speeds from 50 Mb/s to 10 Gb/s with dynamic provisioning through

established service providers.

These experiments suggest that 5 Mb/s is the minimum bandwidth needed for
satellite telesurgery. In ground-based telesurgery, 8 to 15 Mb/s bandwidth would
comfortably support telesurgery, even if dual video signals are needed to provide
three dimensional vision (4, 7). The quality of service (QOS) provided by most
Internet service providers is already very high, making the likelihood of
communication disruption on the Internet backbone very low. Therefore,

telesurgery communication may be become cost effective imminently.
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Telesurgery networks would need to be partitioned and secure. Routine
telesurgery between hospitals would require similar levels of security as financial
and other private institutions. In remote communities, special consideration is
needed to extend the Internet backbone. Satellite infrastructure may provide

support to isolated groups in such instances.

5.2.3 Extending Fitts’ law for telesurgery performance

Fitts’ law is valuable for measuring performance in human computer interaction
(HCI). For example, it is used when designing graphical user interfaces or other

technologies that require target pointing and acquisition (9).
Within this thesis, Fitts’ law was used to compare performance at sequentially

increasing or constantly high latencies. The Shannon modification of Fitts’ law was

used:

ID = logz(—§+1)

where ID is the Index of Difficulty;
D is the distance between targets;
W is the target width.
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The Index of Difficulty divided by the time to complete the movement (MT) will give
a representation of the rate of task completion in bits / s. This is otherwise known
as the Index of Performance (IP) and can be thought of broadly as the ‘bandwidth’

of the subject while doing the task:

Rearranging and allowing for a non zero intercept ‘a’ of the subject, sometimes

thought of as reaction time, gives:

MT=a+b-1ID

where a straight line plot results in the inverse of the slope 1/b representing the

Index of Performance.

A modification of Fitts’ law which accounts for latency in a system has been
developed (10, 11). During a task with latency, the subject’s movement can be
surmised as a number of discrete movements, with each one being affected by the
delay. (The idea of a number of discrete movements to complete a task during
latency was also developed in section 2.2). Given this, latency would have a

multiplicative effect on the Index of Difficulty:

105



MT = a+(b+cLAG)-ID

When this modification was used, a closer correlation was found with latency up to

225 ms (10).

In the future, this modification can be used to measure performance in telesurgery.

Importantly, higher lag in a telesurgery system may have severe impacts on
performance according to this modification. This indicates that minimizing latency
will be important. Additionally, predictive tools may be required to aid the operator

in during high latencies.

5.2.4 Scenarios for telesurgery practice

The traditional concept of telesurgery contemplates an expert surgeon providing
care to an isolated patient. However, there are several more likely scenarios in

which telesurgery could be used.

Even senior staff surgeons sometime require consultation from colleagues for
advice, new perspective, or assistance in difficult cases. In robotic surgery, many
such instances will be encountered. Telesurgery can provide ‘consultative
services’ over a long distance. Telesurgery will allow distant colleagues to

collaborate or assist each other if difficulties are encountered. This would increase

106



patient safety, and reserve surgeons’ time only to cases which are particular for

better outcomes or learning.

Telesurgery systems will increase in sophistication. The surgeon will be required to
have knowledge of normal system operation, abnormal procedures, and
emergency checklists. After initial familiarization and training, telesurgery may aid
the surgeon with such ‘home’ operations. In this scenario, telesurgery may be
used as a training method for the device itself, as well as for simpler robotic
procedures. This support may be provided by the equipment manufacturer or

another supporting group.

Residents and other trainees will need to learn surgery via robotic systems. In the
future, surgery may consist of a mixture of conventional and robotic cases. In
order to learn, both observation and simulation will be required. Telementoring is
the observational form of telesurgery. Here, the observer does not control robotic
instruments at a distance. Rather, the activity is restricted to learning from the
distant surgical picture, and in some instances telestration pointing to areas of
interest. Telementoring may become an important aspect of telesurgery for

teaching and training.
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5.2.5 Simulation and predictive techniques

Robotic surgery and telesurgery simulators should advance to this point to provide
realistic training. This would also shift training away from the apprenticeship model
and toward a more efficient and cost effective method. A large volume of work has
been contributed to simulation of real processes. While this has occurred mostly in
the aerospace industry, the recognition of medical simulation as an important
training tool has begun (12, 13, 14). For a training method to be valid, it must fulfill

a number of criteria outlined in chapter 1, section 2.6.

Already, simulators are being developed which replicate robotic instruments and
tissue, similar to the da Vinci platform (15). Eventually, training may occur using
the manufacturer’s robotic console, but having the trainee interact with a virtual
patient. This is similar to flight simulation at the present time. In this environment,
there is no question of transference of skills, and abnormal or emergency

procedures can be practiced with indemnity and no patient risk.

Several groups have studied ways to decrease or synchronize the effects of
latency on multiple users (16, 17). Predictive techniques will never overcome a
situation in which latency is combined with non uniform motion. However,
prediction may help the user understand what will happen ‘if | keep doing what | am
doing now’ (18). Further work on predictive displays for telesurgery would help the

operator in a high latency environment.
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5.2.6 Licensing and credentialing

Extending care via telesurgery means that robotic instruments may be moved
across provinces, states, countries, or continents. This requires not only task
proficiency through training, but also national or international accreditation.
Telesurgery will likely begin in close ‘pockets’ of geography within the same country
or its surrounding region. If results are promising, then telesurgery could expand
quickly. The implications of global telesurgery are already being considered (19,

20, 21).

The need for telesurgery will determine how quickly these factors are resolved. In

the near future, telesurgery may begin with increased pace. Training,

credentialing, and licensing may become more salient at that time.
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Appendix A

COPY

*“This is the Originat Approvai of this profocol*
*A Full Protocol Submission will be required in
2007

January 16, 2003

Dear Or. Rayman:

Your "Application to Use Animals for Research or Teaching™ entitled:

“Assessing the Feasibility and Safety of Long Distance Telesurgery
Funding Agency- CSTAR - Grant #LHRF7113

has been approved by the University Council on Animal Care. This approval expires in one year on the last
day of the month, but the protocol number will remain the same. The number for this project is_2003-010-01.

1. This number must be indicated when ordering animals for this project.
2. Animals for other projects may not be ordered under this numbar.
3. ifno ber appears pl contact this office when grant approval is received.
if the application for funding is not successfui and you wish 10 proceed with the project, request that an
internal sclentific peer review be performad by the Animal Use Subcommittee office.
4. Purchases of animals other than through this system must be cleared through the ACVS office. Health

cerlificates will be required.

ANIMALS APPROVED FOR 4 YEARS PAIN LEVEL

Porcine - Domestic 20-50 kg M {(barrow} . 20 8

STANDARD OPERATING PROCEDURES
Procedures in this protocol should be carried out according to the following SOPs, Please contact the
Animal Use Subcommittee office (661-2111 ext 86770) in case of difficulties or if you require copies.
SOP’s are also available at hitp:iwww.uwo cafanimallacvs

# 310 Holding Period Post Admission

# 320 Euthanasia

REQUIREMENTS/COMMENTS
Please ensure that individual(s) performing procedures on live animals, as described in this protocol, are
familiar with the contents of this document.

1. Please ensure that alt personnel {(except the Pl) working with these animals have attended the Animal
Care and Use Lecture and appropriate workshops.

c.c. Approved Protocot - R.Rayman, L. Denning, W. Lagerwerf
Approvat Letter - W. Lagerwerf, K. Perry, L. Turner

University of Council on Animal Care * The University of Western Ontario
Animal Use Subcommittee « Health Sciences Centre » London, Ontario = NGA SC1 + Canada
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COpPy

January 12, 2004

*This is the 1* Renewal of this protocol®.
*A Full Protocol Submission will be required in
2007*

Dear Dr. Rayman:

Your “Application to Use Animals for Research or Teaching” entitled:

“Assessing the Feasibility and Safety of Long Distance Telesurgery "
Funding Agency- CSTAR - Grant #LHRF7113

has been approved by the University Councif on Animal Care. This approval is valid from February 1, 2004 to
January 31%, 2005. The number for this project ins as_2003-010-01.

1. This number must be indicated when ordering animals for this project.
2, Animals for other projects may not be ordered under this number.
3. if no number appears please contact this office when grant approval is received.

If the application for funding is not successful and you wish to proceed with the project, request that an
internat scientific peer review be performed by the Animat Use Subcommittee office.
4. Purchases of animals other than through this system must be cleared through the ACVS office. Health
centificates will be required.

ANIMALS APPROVED FOR 1 YR. PAIN LEVEL

Porcine - Domestic 20-50 kg M {barrow) - 10 B

STANDARD OPERATING PROCEDURES
Procedures in this protocol should be carried out according to the following SOPs. Please contact the
Animal Use Subcommittee office (661-2111 ext. 86770) in case of difficulties or if you require copies.
SOP's are aiso available at http://'www.uwo.ca/animaliacvs

# 310 Holding Pericd Post Admission

# 320 Euthanasia

REQUIREMENTS/COMMENTS

Please ensure that individual(s) performing pro 1i i b i gh
famiiar with the contents of thic P:ocumn?‘w cedures on live animals, as described in this protocol, are

¢.¢. Approved Protocol - R. Rayman,

Approval Letter L. Denning, W. Lagerwerf

+ L.Qenning, W. Lagerwert,

University of Coune,

. il :
Animal Use Subcommiccee on Animal Care + Th

e Un; ;
* Health Sciences C niversity of Western Ontari
$ feentre < London, Ontarie o ars e 00
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