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Abstract

Anaesthesia is a medical act which eliminates the feeling of pain as
well as the motor reactions of a person, before performing a surgi-
cal operation. Loco-Regional Anaesthesia (LRA) concerns only a
part of the body such as the front arm or leg. This practice is in-
creasingly used today notably because the patient can remain con-
scious and can recover more rapidly. However, LRA still remains a
risky procedure. In this paper, we introduce a novel medical simula-
tor called SAILOR for the training for LRA with neurostimulation.
SAILOR is based on desktop virtual reality, realistic 3-D rendering
and interactive techniques with a classical mouse and keyboard. It
simulates the various biological phenomena which can occur during
an anaesthesia procedure. We also introduce a novel pseudo-haptic
effect to enhance the palpation of the virtual patient’s body and feel
the inner organs. The first feedback from users of the commercial-
ized DVD version of SAILOR as well as the results of pilot tests
suggest that this simulator is a very promising tool for education
and training for LRA.
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1 Introduction

Historically, doctors learnt or were trained in new procedures
through observation, practice on animals or corpses or by assisting
another doctor. Nowadays, with computer science progress, young
doctors can train on virtual models, in a virtual environment or on
hardware simulators (mannequins) coupled with virtual devices.
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Figure 1: View of the loco-regional anaesthesia simulator

The history of anaesthesia simulators is retraced in [Rall and Gaba
2005]. Simulation in anaesthesia has existed for about forty years.
[Abrahamson 1969] describes in details the first anaesthesia simu-
lator: Sim One. Nowadays there are more evolved simulator like
the PasSim [Rettedal et al. 1996] or the SimMan'[Hesselfeldt et al.
2005], used to simulate the intubation during a general anaesthesia.
But these simulators are expensive and voluminous.

In this paper we introduce the first virtual reality simulator for loco-
regional anaesthesia (LRA) with neurostimulation (Figure 1).The
simulator has been created with an educational purpose to allow
training in various cases.

Our objective is to develop a realistic, interactive simulator that re-
produces an LRA with fidelity. It must be portable, inexpensive,
user-friendly, in order that most people can train with it. That is
why our simulator only requires a personal computer equipped with
standard mouse and keyboard. The simulator renders the virtual pa-
tient on the screen with which the user can interact using the clas-
sical mouse.

2 Loco-regional anaesthesia

Anaesthesia is an act which eliminates the feeling of pain as well
as the motor reflexes of a person. Anaesthesia can focus on a small
part of the body (local anaesthesia), on a region like the arm or
the leg (regional anaesthesia), or on the whole organism (general
anaesthesia).

Loco-regional anaesthesia is induced by injecting an anaesthetic
close to the nerve or group of nerves which serve the purposeful ter-
ritory. The main difficulty is to approach the nerve with the needle
without harming the nerve or the adjacent organs. Loco-regional
anaesthesia is therefore not without risk and requires skill and con-
centration.

A loco-regional anaesthesia consists in three stages:
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o the search for the landmarks where anaesthetist palpates the
patient body in order to find the organs that allow to determine
the puncture site and draws the landmarks with a marker pen
directly on the skin;

e the placing of the puncture site and the choice of the nee-
dle. Depending on the patient corpulence and the nerve to be
anaesthetized, the needle length can vary from 25 mm to 150
mm;

e the nerve research with the needle called "technique”, in order
to inject the anaesthetic without damaging the nerve nor the
adjacent tissues.

To anaesthetize efficiently and minimize the risks, the choice of the
puncture site is primordial. With anatomic studies, anaesthetists
have developed several methods allowing to determine a suitable
puncture site according to the part of the body to be anaesthetized.

To search the nerve, the anaesthetist uses a stimulator: a needle at
the end of which a discontinuous electric current circulates. When
the end of the needle is close to the nerve, it is stimulated by the
electric current which induces a motor response: the contraction of
the muscles served by the stimulated nerve. This action is called
neurostimulation. Each nerve has its own motor response. Thus,
when the anaesthetist looks at the response, s/he can tell where the
needle is. When the intensity is equal to 0.5 mA and when the
appropriate stimulation is obtained, the needle is close enough to
the nerve, the anaesthetic can be injected. Figures 2 and 3 show
a loco-regional anaesthesia with neurostimulation of the femoral
nerve.

Figure 3: Needle insertion in the puncture site (femoral nerve)

3 Presentation of SAILOR

SAILOR (Simulator of Anaesthesla for LOco-Regional procedure)
is a simulator for the LRA based on desktop virtual reality for train-
ing and education of medical students and doctors.

The objective of SAILOR is to create a realistic, inexpensive,
portable and interactive simulator using a simple computer.

The simulator displays a virtual patient and his 3-D organs. It pro-
vides various tools in order to simulate an LRA and interacts with
the user simulating biological phenomena. It includes a pseudo-
haptic feedback to improve the sensations of the user during the
palpation step.

3.1 Graphical models

In order to create the simulator, we need a virtual three-dimensional
patient with all the organs playing a role in anaesthesia: bones,
muscles, vessels and of course nerves.

To have a real anatomy, we choose to use the 3-D organs provided
by Visible Human Project [Ackerman 1998]. We apply textures
onto the meshes to render them with more realism. Due to the cryo-
genization, some organs are distorted so we reshape them. Other
organs are missing because of their thinness so we create them. To
keep a realistic anatomy, we follow the anatomical description and
rules given by [Rouviere and Delmas 1997] and [Netter 2006].

To create the skin of our virtual patient, we use the software Poser?,
which allows to create 3-D characters, to position them in any pos-
ture and to make animation movement (like a motor response).

3.2 Performance

As a result we could propose and simulate 14 different anatomical
blocks, i.e., 14 different types of anaesthesia with 14 different areas
of the body with different nerves or groups of nerves. However,
the 3-D organs given by the Visible Human Project are still very
complex. To increase performances, we optimized the meshes by
reducing their number of points and triangles without impairing the
general shape and aspect of the 3-D organs. Moreover, we only load
the organs or the organ parts implied in the selected nerve anaesthe-
sia. As a result, the simulator’s minimal requirements are 512 Mb
of RAM (with Windows XP), a 1 GHz processor and a graphic card
(Geforce 2 or equivalent). With this configuration we obtain more
than 24 frames per second.

4 Interactive simulation of the LRA

4.1 Visual display

The visual display of the simulator is divided into three parts:

e the main screen where a close up of the patient body is dis-
played in order to have a good view of the needle movements;

e the secondary screen where a long shot of the patient body is
displayed in order to see the different motor responses;

e the control panel displaying buttons, different options and
menus.

Figure 4 shows the different parts of the visual display and the
graphical user interface of SAILOR. We have implemented a con-
textual graphical user interface. The user can move from one stage
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to another by clicking the corresponding button. According to the
current stage, the simulator provides different controls.

Figure 4: The different parts of the simulator

4.2 Interactive manipulation

Palpation

To simulate organ detection, the user moves over the body with
the mouse. When the mouse cursor is brought over a palpable or-
gan, its name is rendered. To determine the organ which is under the
mouse, a ray is projected from the 2-D position of the cursor into
the 3-D scene. The first organ encountered by the ray is considered
as the palpated organ.

3-D Drawing

The simulator provides a tool to draw 3-D lines and curves on
the virtual body skin. The user left-clicks on the body then moves
the mouse and releases the button to draw lines or curves. To create
the 3-D lines, we first create 2-D lines in accordance with the 2-D
cursor positions. Then, we project rays from each pixel of the 2-
D line onto the body. We obtain a list of 3-D points which, once
connected, give the 3-D lines that fit the body (Figure 5).

Press F1 for help
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Figure 5: Landmarks and puncture site of a sciatic block

Puncture site placement
To place the puncture site, the user clicks on the body at the de-
sired site (Figure 5). In order to prevent the user from making a

nonsensical gesture, a delimited area, corresponding to each nerve
that can be anaesthetized, is defined.

Needle manipulation : the "Technique”
It concerns the simulation of the needle’s movements inside the
patient body in order to get a motor response.

To rotate the needle, the user maintains the right mouse button
pressed then moves the mouse. To drive the needle into the body
(respectively redraw), s/he maintains the left mouse button pressed
then moves the mouse upwards (respectively downwards).

Of course, the needle’s movements must be limited: the needle can-
not penetrate the bones and the needle-shield cannot enter the body.
Moreover, the deeper the needle, the smaller is its rotation angle. To
restrain the rotation angle, a maximal angle is computed according
to the distance covered by the needle.

Biological events simulation

During an LRA, the simulator can detect several biological
events : (1) a paresthesia, when a nerve is punctured with the nee-
dle, that can lead to a paralysis ; (2) a bone contact, when the needle
is stopped by a bone ; (3) a pneumothorax, when the lung is per-
forated (in this case, the operation must be stopped immediately to
make a thoracic drainage); and (4) a vessel puncture, when some
blood is drawn by the needle. Each time one of these events occurs,
the simulator informs the user instantly using visual displays(text
messages, color changes, etc).

5 Pseudo-haptic feedback

One of the simulators’ weaknesses, in comparison with a real
anaesthesia, is that users cannot palpate the body rendered on the
screen. This can be frustrating for the anaesthetist who is used
to touching the patient body. In a first version of SAILOR, the
organs’ names were rendered when they are flown over by the
mouse. This allowed the user to easily find the landmarks but
did not give a clear idea of the organs’ shape and relief. Thus, in
a more evolved version of SAILOR, we propose to enhance the
manipulation sensation of the user when palpating the body of the
virtual patient by using a pseudo-haptic effect.

The aim of pseudo-haptic textures [Lécuyer et al. 2004] is to give
the ability to feel the relief of a picture only using an input device
(such as a mouse) and visual feedback. To do so, the system must
know the picture’s relief, which means the depth of each pixel.
Then, when the mouse moves from one pixel to another which is
higher, the mouse’s movement is decelerated. This gives the user
the impression that the movement is harder (ascent effect). In the
reverse case, when the mouse moves from one pixel to another
which is lower, the mouse movement is accelerated. This gives the
user the impression that the movement is easier (descent effect).
Thus, the user has the impression of a haptic feedback allowing
to interpret the picture’s relief. For example, on the picture of a
face, one can feel the nose relief or the eyes’ cavity. This work
has been carried out mainly for 2-D pictures [Lécuyer et al. 2004].
It was recently extended to another component of the interaction,
by playing also with the size of the cursor (zoom-in and zoom-out
effects) to reinforce the texture sensation [Lécuyer et al. 2008].

In SAILOR, using the computer mouse, the anaesthetist manipu-
lates a spherical cursor which follows the surface of the skin of the
patient in order to palp the under skin organs. The pseudo-haptic
textures technique is then applied to the visual motions of the
cursor to simulate the bumps and holes corresponding to the



presence of organs and arteries under the skin. With such a
technique, the user is expected to explore the body of the patient
more physically and realistically.

In the simulation, the patient body and the organs are 3-D objects,
so we can know their depth precisely and in real-time. We can
easily determine the depth of the picture pixels rendered by the
simulator. Then, we use the algorithm described in [Lécuyer et al.
2004], to change the speed of the cursor as function of the height
of the pixels. In addition we also modify the size of the cursor as
in [Lécuyer et al. 2008] to improve the pseudo-haptic sensation. As
a result both the speed and size of the cursor inform the user about
the shape and location of the inner organs located under the skin
and a priori invisible.

6 Experimental evaluation

6.1 Method

Thirteen medical doctors participated in this experiment. They had
between 2 to 36 years of experience in anaesthesia (mean=12 ;
sd=10).

First, the participants had to fill a questionnaire to collect biograph-
ical data. Then there was a learning phase during which they were
trained with the simulator and explained how to manipulate the in-
terface. It was followed by a practice trial with the “sciatic block”.
The experimental evaluation of the simulator began with the sub-
jects being given the task of successively performing four different
trials/blocks. The blocks were presented in different orders and
in different conditions depending on the group and condition. For
each trial, the participants were seated in front of the screen. They
were told to perform the block and follow the first steps of the pro-
cedure, i.e., from the determination of the landmarks on the consid-
ered block (and its associated body part), to the determination and
simulation of the puncture site. At the end of the four blocks, they
were given a questionnaire to support their evaluation of the system
usability. The session was ended by a short debriefing interview
to collect more informal thoughts about the simulator and how it
could evolve the most relevant way.

6.2 Results

The subjects were asked to fill the System Usability Scale ques-
tionnaire [Brooke 1996]. The questionnaire had 16 assumptions on
which the subjects had to indicate their agreement by rating on a
4-item scale (0 to 3). We computed a global score of satisfaction
by summing the score of all items. Globally the subjects expressed
a high level of satisfaction and a good evaluation of the system us-
ability with a mean score of 36.38/48 (sd=4.25). In other words,
subjects rated most items with a score situated between agree and
strongly agree (positive items) or disagree (negative items). Among
all the items in the questionnaire, some subsets can be analyzed
separately since they address more specific aspects of usability. In-
terestingly, we found that ease of use (m=2.54/3; sd :.38), learn-
ability (m=2.62/3; sd=.65) and precision/satisfaction related to the
task (m=1.71/3; sd=.45) were highly rated. This high level of sat-
isfaction was confirmed by the spontaneous comments and verbal
evaluation observed during the interviews at the end of the experi-
ment.

Taken together, these results suggest that the simulator was rated as
very usable, easy to use, and satisfying by practitioners in anaes-
thesia at hospital. The participants seem to be very positive and
enthusiastic about the actual and future uses of SAILOR for voca-
tional training.

7 Conclusion

In this paper, we have introduced a new medical simulator for
Loco-Regional Anaesthesia procedures called SAILOR. SAILOR
is based on desktop virtual technology and the interactive manipu-
lation of 3-D realistic anatomical models. SAILOR proposes sev-
eral interactive techniques for achieving the different stages of the
LRA like palpation, drawing on the body, needle manipulation, etc.
SAILOR simulates the various biological phenomena of the LRA
like paresthesia, bone contact, vessels puncture. During the palpa-
tion stage, we introduce a novel usage of pseudo-haptic feedback to
give the sensation of feeling the organs located under the skin, by
playing with the size and speed of the 3-D cursor. SAILOR is in-
cluded in a DVD, commercialized by the Lippincott company, for
medical students and doctors. The first feedbacks from SAILOR
users suggest that the simulator is a promising tool for education
and training in safe conditions.
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