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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a computerized
apparatus for simulating an interventional operation, and
in particular the using special instruments.

BACKGROUND OF THE INVENTION

[0002] Principles of adult education, tenets of experi-
ential learning, and theories addressing the development
of expertise have all underscored the critical role expe-
rience plays in the learning process. State-of-the-art sim-
ulations can be successfully included in contemporary
surgical and medical education to offer trainees and prac-
ticing physicians the requisite learning experiences
based on these educational underpinnings. All learners
can be offered opportunities to acquire the essential skills
and to achieve specified competency levels based on
standardized learning experiences. Simulations can be
used to facilitate learning through the evaluation of per-
formance and provision of immediate, individualized, and
detailed feedback. Simulations offer controlled settings
that allow repetition until the defined performance levels
are achieved, decrease stress levels of learners, in-
crease the confidence levels of learners, and increase
safety in real settings by assuring the achievement of
technical competence prior to work on patients. Practic-
ing physicians can improve their skills and can learn new
procedures emerging as a result of advances in science
and technology through educational interventions involv-
ing the use of simulations. In addition, the use of simu-
lations can help address practical issues, such as the
demands on faculty time, by providing trainees the op-
portunities for independent learning and practice. The
current emphasis on accountability and on assurance of
the quality of health care may also be addressed through
the use of such simulations and data on outcomes can
be used to assure the public of the competence of phy-
sicians.
[0003] Simulations should be considered an essential
part of every contemporary educational program that ad-
dresses technical skills development. They can be used
to ensure effective teaching and learning, to provide valid
and reliable means of assessment of the skills of learners,
to yield information on specific weaknesses that require
improvement, and to create individual proinstruction sets
of the technical ability of learners. In order to achieve the
desired results, specific curricula should be developed
based on principles of adult education, experiential learn-
ing, and effective feedback. Such simulations may also
be used in programs of continuing professional education
and certification. The initial investment of resources
needed for the development and acquisition of simula-
tions and for the creation of training programs that incor-
porate them effectively in educational models is readily
offset by the numerous advantages resulting from expe-

ditious performance of procedures in the operating room,
enhancement of patient safety, and decrease in the fac-
ulty time needed to teach learners various technical skills.
Such simulations may also be used to assess the effec-
tiveness of educational efforts and even to select individ-
uals for training. Thus, the simulations have the potential
to make a major impact on programs of surgical and med-
ical education of the future.
As a result of the rapid developments within the computer
technique, simulations, especially for the purpose of sur-
gical and medical education, have improved considera-
bly. However, the presently known apparatus and meth-
ods do not allow a full range simulation of different in-
struments used. WO 02/070980 by the same applicant
relates to an interventional procedure simulation system
including a control unit and an interface unit. The control
unit communicates with the interface unit to simulate han-
dling of a number of nested instruments simultaneously
interfaced by said interface unit and. The instruments are
arranged to move and rotated independently of each oth-
er and the movements and rotations being propagated
to the other instruments. The control unit further includes
an instruction set having a first instruction set for handling
and processing input from the user, based on the input,
generating a second instruction set for controlling the in-
terface, a first data set that has characteristics for the
instruments, a second data set that has data on a body
part to be stimulated, and a third instruction set for gen-
erating control signals relating to an interaction between
instruments and a surrounding geometry relating to a part
of the simulated body part.
[0004] In WO 01/89413 a dista! protection device for
use during a vascular treatment, such as angioplasty or
atherectomy is described. A filter assembly located on
the distal end of a delivery member is deployed distally
of the vascular region to be treated to capture emboli
released during and immediately after the procedure.
The filter is then retracted to retain any captured emboli
and then removed from the patient.
[0005] Prior art does not suggest or give a hint for sim-
ulating different instruments according to the present in-
vention.

SUMMARY OF THE INVENTION

[0006] The main object of the preferred embodiment
of the invention is to present a novel and effective method
and system for a real-time simulation of self expanding
instruments, preferably in cardiovascular or endovascu-
lar diagnostic or interventional procedures.
Thus, an interventional procedure simulation system is
provided comprising a control unit and an interface unit,
the control unit communicating with the interface unit to
simulate handling of at least one instrument interfaced
by the interface unit. The instrument is a self expanding
tool inserted inside a simulated vessel and simulated with
respect to a set value representing an stiffness of the
vessel, a rest diameter of the self expanding tool, a vessel
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initial inner diameter and spring constant for the tool. In
one preferred embodiment, the instrument is a stent. In
another preferred embodiment, the instrument is a distal
protection device. Preferably, the distal protection device
comprises a substantially double cone attached at two
ends to a wire. The instrument is covered by a sheath.
A distal part of one cone is a net for simulating catching
particles that can be set free during an intervention sim-
ulation.
[0007] According to the present invention, there is
claimed an interventional procedure simulation system
and method as claimed in the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the following, the invention will be further de-
scribed in a non-limiting way with reference to the ac-
companying drawings in which:

Fig. 1 schematically illustrates a block diagram
according to one embodiment of the in-
vention,

Fig. 2 is a schematic view of an interface device,
Fig. 3 is a schematic view of a simulated instru-

ment,
Figs. 4-6 are fluoroscopic images illustrating se-

quences using a balloon and stent,
Figs. 7-10 are fluoroscopic images illustrating se-

quences using a guide catheter, and
Figs. 11-13 are fluoroscopic images illustrating se-

quences using a distal protection.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0009] One exemplary embodiment of a simulation ap-
paratus according to the invention is schematically illus-
trated in Fig. 1. The apparatus 100 comprises a computer
unit 110 and an interface device 120. The computer unit
110 can be a conventional PC or similar, or a unit inte-
grated with the interface device 120. The computer unit
according to this embodiment communicates with a dis-
play unit 111, an input device 112 such as a keyboard
and a mouse, and a communication interface (not
shown).
[0010] The interface device 120, described in a parallel
application, entitled "AN INTERVENTIONAL SIMULA-
TION DEVICE" (SE 0203568-1) by the same applicant,
is arranged to receive a number of instruments 121-123.
The control system, described in a parallel application,
entitled "AN INTERVENTIONAL SIMULATION CON-
TROL SYSTEM" (SE 0203567-3) by the same applicant,
is arranged to simulate interventional procedures.
[0011] However, the invention is not limited to a system
comprising the above mentioned control system and in-
terface devices. The teachings of the invention can be
employed in any system able of simulation of self-ex-
panding instruments.
[0012] A 3D geometry can be constructed in different

ways:

- They can be modeled in a 3D modeling software, i.e.
from scratch using anatomy books, video clips, etc
as references only.

- They can be reconstructed from real patient data,
e.g. obtained through scans 130 with CT, MRI, Ul-
trasound, fluoroscope, etc.

[0013] An interface device 200, schematically illustrat-
ed in Fig. 2, as a preferred embodiment, is arranged to
receive a number of instruments, dummies or real, pref-
erably at least two instruments. The device comprises a
number of moveable carriages 216A-216C correspond-
ing to the number of the instruments, a common track
220, and an interconnecting member 226 provided as a
telescopic tube. The interconnecting member 226 inter-
connects the carriages 216A-216C serially. Each car-
riage is provided with an opening for enabling reception
of the instruments. Each carriage 216A-216C further
comprises members to receive and lock at least one of
the instruments, and members for receiving a movement
from the instrument and generating a force, which is fed
back to the instrument with respect to a simulation char-
acteristic. Preferably, each carriage comprises a detect-
ing arrangement for detecting the type of the instrument
inserted through the interconnecting member. The inter-
face device is connected to the control unit (PC) to meas-
ure the movement of each carriage and regulate the
movement by means of a speed regulator and a distance
regulator. Each carriage is connected with a gear belt
transmission for driving along the track 220. Each car-
riage is provided with a crank block, which is arranged
on a torque wheel. The crank block is provided with a
mating surface, which is pressed towards a collet that
grips the instrument wire. Moreover, each carriage is ar-
ranged with an outlet, which is provided with a detecting
member, which detects presence of an instrument in the
carriage. The detecting member is arranged to detect the
thickness of each instrument. The optical sensor detects
presence of an instrument in the carriage. The control
unit measures a longitudinal movement and a movement
of rotation, of the instrument and gives force-feedback in
the longitudinal direction and in the direction of rotation,
of the instrument according to received force and torque.
A locking member is arranged to clamp an instrument,
which instrument is attached to a central wall. The locking
member comprises a torque wheel, which is arranged in
the central wall. The crank block is provided inside the
torque wheel, which crank block moves in longitudinal
direction. The crank block is fixed in the direction of ro-
tation.
[0014] The system simulates the way different types
of self-expanding tools behave. The self-expanding tool
consists of the tool itself and a covering sheath (tube).
As the sheath is retracted, the tool itself expands to its
"natural" shape. In some cases, it is also possible to push
a sheath back to cover the tool again.
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[0015] Example 1: Self-expandable stent. The stent
is pressed on top of a hollow tube, which runs on top of
a wire, and covered, by a sheath. The stent is not attached
to the underlying tube. When the covering sheath is re-
tracted, the stent opens gradually and takes a predefined
diameter (in a vessel this diameter is the maximum, and
will be less if the vessel walls press the stent together).
When the sheath is fully retracted, the stent will be totally
detached from the sheath and underlying tube, and
pressed against the vessel walls. There is now no way
of retrieving the stent itself.
[0016] Example 2: Distal protection device (DPD).
A DPD 30 as illustrated in fig. 3, is a "double cone" 31
and 32 attached at two ends to a wire 33, and covered
by a sheath (not shown). The distal part of the "cone" is
a fine net 31, which is attended to catch particles that
can be set free during an intervention. The proximal part
of the "cone" is totally open. When the sheath is retracted,
the cone takes its "natural" shape - widest at the middle.
Since it is attached to the underlying wire, the sheath can
be pushed back to again cover the "cone".
[0017] In the following, the invention will be described
in conjunction with a number of non-limiting examples:
Figs. 4-6 illustrate sequences of a self-expanding instru-
ment, in this example a self-expanding stent. In case of
self-expandable stents, they are covered with a sheath,
which is then retracted and the stent expands to a given
size (but as it hits the vessel wall the final size will be
dependent of the vessel "stiffness" and the properties of
the stent itself). The properties of the stent, both visually,
the way it expands and the effects it has on the vessel
are simulated. The vessel can also be post dilated with
a "regular" balloon afterwards. In fig. 4 a self-expandable
stent is in place in a vessel but not deployed, in fig. 5 the
sheath covering the stent is partially retracted and in fig.
6 the sheath is fully retracted and stent deployed (not
connected to the tool). The simulator program has a
number of initial values: a rest expansion diameter for
the self expanding instrument expansion-diameter, the
vessel initial inner diameter (at the simulated part), spring
constant for the self expansion instrument and a vessel
stiffness. These parameters determine how the simulator
sets the boundaries for the expansion of the instrument
and (simulated part) of the vessel. If a sheath is used,
also its diameter must be initiated.
[0018] A balloon and a stent can also be used in same
way; the balloon (also for the stent) interacts with a ves-
sel, which expands. The blood flow changes, and the
contrast when injected. The stent is simulated in such a
way that it is visible and stays in place as the balloon is
deflated. It is also possible to enter with a larger balloon
and inflate it again. This will influence both the stent and
the vessel, so-called post dilatation. It is also possible to
first inflate a balloon, before using a stent, so-called pre
dilatation. Simulation is achieved by using force feed-
back, whereby a tight lesion is felt, when going through
with a "large" balloon.
[0019] The procedure illustrated in Figs. 7-10, is done

in such a way that first a guide catheter and guide wire
are advanced to access either the right or left coronary
vessel tree. Contrast is then injected through the catheter
to locate the lesion/stenosis. The view can be changed
to obtain a perfect visualization of the lesion. Images can
also be exported to be used by a separate QCA (Quali-
tative C Assessment) program, for length and width
measurement. Then the user can decide what sizes of
balloon/stent he/she wants to use. (Typically, some cine
loops are recorded before and after balloon dilata-
tion/stenting.) A thin guide wire (coronary wire) is first
advanced through the catheter and into the vessel tree.
The tip of the wire can be shaped in an angle (user se-
lectable), and the wire is then steered through the vessel
tree by rotating the wire, and pulling/pushing to find the
right way past the lesion. The balloon/stent is then ad-
vanced on top of the wire, and positioned in the right
place using the radioopaque markers. Contrast can be
injected to see that it is positioned in the right place. Fi-
nally, the balloon/stent is inflated, held for some time,
and then deflated. All the steps are simulated and can
be performed as in real life.
[0020] A distal protection device stops emboli from
moving further and block very small vessels (which can
be devastating in the brain). A filter "basket" can then be
used attached to a wire and at first covered with a sheath.
The wire and sheath is positioned past the lesion, and
then the sheath is retracted, leaving the basket as a pro-
tection for when the lesion is dilated. Afterwards a recov-
ery sheath is advanced to close the basket and the two
are together retracted. The behavior of the distal protec-
tion device is simulated, comprising how one handles it
and the visible characteristics. Other types of protection
devices are also possible to simulate, for example bal-
loons that block the flow while dilating. Sequences are
illustrated in Figs. 11-13, showing:

Fig. 11A distal protection device is in place in a ves-
sel, sheath-covering filter partially retracted;
Fig. 12 the sheath is retracted, markers at the "base"
of filter starting to "expand";
Fig. 13 the sheath retracted even more.

[0021] Note that the filter itself, in this case, is not visible
on a fluoroscopic image. Only the marker points are. The
sequence above can be reversed, since the filter stays
connected to the wire.
[0022] The invention is not limited to the shown em-
bodiments but can be varied in a number of ways without
departing from the scope of the appended claims and
the arrangement and the method can be implemented in
various ways depending on application, functional units,
needs and requirements etc.

Claims

1. An interventional procedure simulation system, com-
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prising a control unit and an interface unit, said con-
trol unit communicating with said interface unit to
simulate handling of at least one instrument inter-
faced by said interface unit, wherein the instrument
is a self-expanding tool inserted inside a simulated
vessel and the control unit comprises a set of instruc-
tions comprising a number of initial values: a vessel
initial inner diameter and stiffness value for said ves-
sel, characterized in that said self-expanding tool
is covered with a sheath and that the set of instruc-
tions comprises further number of initial values: a
rest expansion diameter for the self-expanding in-
struments expansion diameter and a spring constant
for the self-expanding instrument, which determine
how the control unit sets boundaries for expansion
of the instrument and simulated part of the vessel.

2. The system of claim 1, wherein said instrument is a
stent.

3. The system of claim 1, wherein said instrument is a
distal protection device.

4. The system of claim 3, wherein said distal protection
device (30) comprises a substantially double cone
(31, 32) attached at two ends to a wire (33), and
covered by a sheath.

5. The system of claim 4, wherein a distal part of one
cone is a net (31) for simulating catching particles
that can be set free during an intervention simulation.

6. A method of simulating in a simulation system ac-
cording to any of claims 1 to 5, the method compris-
ing:

- providing said instrument inside a simulated
vessel, and
- determining how the control unit sets bounda-
ries for expansion of the instrument and simu-
lated part of the vessel using said number of
initial values.

Patentansprüche

1. Interventions-Prozedur-Simulationssystem, umfas-
send eine Steuerungseinheit und eine Schnittstel-
leneinheit, wobei die Steuerungseinheit mit der
Schnittstelleneinheit kommuniziert, um eine Hand-
habung von mindestens einem Instrument zu simu-
lieren, das mittels der Schnittstelleneinheit schnitt-
stellenverbunden ist, wobei das Instrument ein
selbstexpandierendes Werkzeug ist, das in ein si-
muliertes Gefäß eingeführt ist und die Steuerungs-
einheit einen Satz von Anweisungen umfasst, der
eine Anzahl von Anfangswerten umfasst: einen an-
fänglichen Gefäß-Innendurchmesser und einen

Steifigkeitswert für das Gefäß, dadurch gekenn-
zeichnet, dass das selbstexpandierende Werkzeug
mit einer Umhüllung bedeckt ist und dass der Satz
von Anweisungen ferner eine Anzahl von Anfangs-
werten umfasst: einen Ruhe-Ausdehnungsdurch-
messer für den Ausdehnungsdurchmesser der
selbstexpandierenden Instrumente und eine Feder-
konstante für das selbstexpandierende Instrument,
die bestimmen, wie die Steuerungseinheit Grenzen
für die Ausdehnung des Instruments und den simu-
lierten Teil des Gefäßes einstellt.

2. System nach Anspruch 1, wobei das Instrument ein
Stent ist.

3. System nach Anspruch 1, wobei das Instrument eine
distale Schutzeinrichtung ist.

4. System nach Anspruch 3, wobei die distale Schutz-
einrichtung (30) einen im wesentlichen doppelten
Konus (31, 32) umfasst, der an zwei Enden an einem
Draht (33) befestigt ist und mit einer Umhüllung be-
deckt ist.

5. System nach Anspruch 4, wobei ein distaler Teil von
einem Konus ein Netz (31) zum Simulieren eines
Einfangens von Partikeln ist, die während einer In-
terventions-Prozedur freigesetzt werden können.

6. Verfahren zum Simulieren in einem Simulationssys-
tem nach einem der Ansprüche 1 bis 5, wobei das
Verfahren umfasst:

- Bereitstellen des Instrumens innerhalb eines
simulierten Gefäßes, und
- Bestimmen, wie die Steuerungseinheit Gren-
zen für die Ausdehnung des Instruments und
den simulierten Teil des Gefäßes unter Verwen-
dung einer Anzahl von Anfangswerten einstellt.

Revendications

1. Système de simulation de procédure d’intervention
comprenant une unité de commande et une unité
d’interface, ladite unité de commande communi-
quant avec ladite unité d’interface pour simuler la
manipulation d’au moins un instrument interfacé par
ladite unité d’interface, dans lequel l’instrument est
un outil auto-extensible inséré dans un vaisseau si-
mulé et l’unité de commande comprend un ensemble
d’instructions comprenant un certain nombre de va-
leurs initiales : un diamètre interne initial dudit vais-
seau et une valeur de raideur dudit vaisseau, carac-
térisé en ce que ledit outil auto-extensible est re-
couvert d’une gaine et l’ensemble d’instructions
comprend un nombre supplémentaire de valeurs
initiales : un diamètre de dilatation au repos pour le
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diamètre de dilatation des instruments auto-exten-
sibles et une constante de ressort pour l’instrument
auto-extensible, qui déterminent comment l’unité de
commande définit les limites d’expansion de l’instru-
ment et de la partie simulée du vaisseau.

2. Système selon la revendication 1, dans lequel ledit
instrument est un stent.

3. Système selon la revendication 1, dans lequel ledit
instrument est un dispositif de protection distal.

4. Système selon la revendication 3, dans lequel ledit
dispositif de protection distale (30) comprend un cô-
ne sensiblement double (31, 32) fixé à deux extré-
mités à un fil (33), et recouvert d’une gaine.

5. Système selon la revendication 4, dans lequel une
partie distale d’un cône est un filet (31) pour simuler
une capture de particules pouvant qui être libérées
lors d’une simulation d’intervention.

6. Procédé de simulation dans un système de simula-
tion selon l’une quelconque des revendications 1 à
5, comprenant :

- fournir ledit instrument à l’intérieur d’un vais-
seau simulé ; et
- déterminer comment l’unité de commande éta-
blit des limites pour l’expansion de l’instrument
et de la partie simulée du vaisseau en utilisant
ledit nombre de valeurs initiales.

9 10 



EP 1 573 701 B1

7



EP 1 573 701 B1

8



EP 1 573 701 B1

9



EP 1 573 701 B1

10



EP 1 573 701 B1

11



EP 1 573 701 B1

12



EP 1 573 701 B1

13

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 02070980 A [0003] • WO 0189413 A [0004]


	bibliography
	description
	claims
	drawings
	cited references

