
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
35

9 
04

9
B

1
*EP003359049B1*

(11) EP 3 359 049 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
15.01.2020 Bulletin 2020/03

(21) Application number: 16784144.4

(22) Date of filing: 07.10.2016

(51) Int Cl.:
A61B 8/08 (2006.01) A61B 5/00 (2006.01)

A61B 5/027 (2006.01) A61B 8/12 (2006.01)

A61B 8/00 (2006.01) A61B 34/30 (2016.01)

A61B 90/00 (2016.01) A61B 5/0215 (2006.01)

A61M 25/01 (2006.01) A61B 34/00 (2016.01)

(86) International application number: 
PCT/EP2016/074020

(87) International publication number: 
WO 2017/060439 (13.04.2017 Gazette 2017/15)

(54) ADVANCED CONTROL FEATURES FOR STEERING DEVICES FOR INTRAVASCULAR DEVICES 
AND ASSOCIATED SYSTEMS AND METHODS

ERWEITERTEN STEUERFUNKTIONEN FÜR LENKVORRICHTUNGEN FÜR INTRAVASKULÄRE 
VORRICHTUNGEN SOWIE ENTSPRECHENDE SYSTEME UND VERFAHREN

FONCTIONS AVANCÉES DE COMMANDE DE GUIDAGE DE DISPOSITIFS POUR DISPOSITIFS 
INTRAVASCULAIRES, ET SYSTÈMES ET MÉTHODES ASSOCIÉS

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 09.10.2015 US 201562239820 P

(43) Date of publication of application: 
15.08.2018 Bulletin 2018/33

(73) Proprietor: Koninklijke Philips N.V.
5656 AE Eindhoven (NL)

(72) Inventors:  
• SAROHA, Princeton

5656 AE Eindhoven (NL)

• STIGALL, Jeremy
5656 AE Eindhoven (NL)

• MINAS, Maritess
5656 AE Eindhoven (NL)

(74) Representative: Philips Intellectual Property & 
Standards
High Tech Campus 5
5656 AE Eindhoven (NL)

(56) References cited:  
WO-A1-2015/041877 US-A1- 2003 045 778
US-A1- 2010 204 613 US-A1- 2014 180 124
US-A1- 2015 073 340  



EP 3 359 049 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present disclosure relates to steering de-
vices for use with intravascular devices used in the diag-
nosis and treatment of various maladies. In particular,
some embodiments disclosed herein are particularly suit-
ed for use in intravascular and intracardiac diagnostic
procedures and/or treatments.

BACKGROUND

[0002] Innovations in diagnosing and verifying the level
of success of treatment of disease have migrated from
external imaging processes to internal diagnostic proc-
esses. In particular, diagnostic equipment and processes
have been developed for diagnosing vasculature block-
ages and other vasculature disease by means of ultra-
miniature sensors placed upon the distal end of a flexible
elongate member such as a catheter, or a guide wire
used for catheterization procedures. For example, known
medical sensing techniques include angiography, intrac-
ardiac echocardiography (ICE), intravascular ultrasound
(IVUS), forward looking IVUS (FL-IVUS), pressure sens-
ing (including associated fractional flow reserve (FFR)
and instant wave-free ration (iFR) calculations), flow
sensing (velocity and/or volumetric measurements, in-
cluding associated coronary flow reserve (CFR) calcula-
tions), optical coherence tomography (OCT), trans-es-
ophageal echocardiography, and various image-guided
therapies. Each of these techniques may be better suited
for different diagnostic and/or therapeutic situations. To
increase the chance of successful treatment, health care
facilities may have a multitude of imaging, treatment, di-
agnostic, and/or sensing modalities on hand in a catheter
lab during a procedure. In order to properly use any of
the imaging, treatment, diagnostic, and/or sensing mo-
dalities, the associated device must be accurately guided
to the region of interest within the patient in a controlled
manner without causing damage to the anatomy of the
patient. Document US2010/204613 describes an appa-
ratus for manipulating a surgical guidewire. The appara-
tus comprises a chuck for selectively coupling motive
force to a surgical guidewire and an actuator, coupled to
the chuck, for imparting an axial motive force to the chuck.
[0003] Accordingly, there remains a need for improved
intravascular devices, systems, and methods to facilitate
the guidance of one or more imaging, treatment, diag-
nostic, and/or sensing components to a region of interest
within a patient.

SUMMARY

[0004] The invention is defined by independent claim
1. Embodiments of the present disclosure are directed
to steering devices for use with intravascular devices,
including associated systems and methods.

[0005] An intravascular steering device is provided that
includes a housing sized and shaped for grasping by a
hand of a user, the housing including a proximal portion
and a distal portion, wherein the distal portion includes
an opening sized and shaped to receive an intravascular
device; a steering controller coupled to the housing; a
processor in communication with the steering controller,
the processor configured to translate inputs from the
steering controller into actuation signals based on a code
architecture, wherein the code architecture includes a
script for at least one of a return home function, a return
to stored position function, a store current position func-
tion, or an automated mapping function; and an actuator
positioned within the housing and in communication with
the processor such that the actuator receives the actua-
tion signals from the processor, the actuator configured
to interface with the intravascular device based on the
actuation signals to the steer the intravascular device.
[0006] The steering controller can include a joystick.
The actuator can include a first mechanism for controlling
movement in a first dimension; and a second mechanism
for controlling movement in a second dimension perpen-
dicular to the first dimension. The actuator can further
include a third mechanism for controlling movement in a
third dimension, the third dimension being perpendicular
to the first and second dimensions. The actuator can fur-
ther include a mechanism for controlling rotation of the
intravascular device about a longitudinal axis of the in-
travascular device. The processor can be positioned
within the housing or remote from the housing. The in-
travascular steering device can further include a haptic
feedback device positioned within the housing and con-
figured to provide an alert to a user when a force on the
intravascular device exceeds a threshold. The force on
the intravascular device can be measured by at least one
of a sensor within the housing or a sensor within the in-
travascular device. The intravascular steering device can
further include a rechargeable power supply positioned
within the housing; and a wireless transceiver positioned
within the housing.
[0007] An intravascular steering system is also provid-
ed that includes an intravascular device having a proxi-
mal section and a distal section, wherein at least one
sensing component is coupled to the distal section; and
an intravascular steering device having: a housing sized
and shaped for grasping by a hand of a user, the housing
including a proximal portion and a distal portion, wherein
the distal portion includes an opening sized and shaped
to receive the proximal section of the intravascular de-
vice; a steering controller coupled to the housing; a proc-
essor in communication with the steering controller, the
processor configured to translate inputs from the steering
controller into actuation signals based on a code archi-
tecture, wherein the code architecture includes a script
for at least one of a return home function, a return to
stored position function, a store current position function,
or an automated mapping function; and an actuator po-
sitioned within the housing and in communication with
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the processor such that the actuator receives the actua-
tion signals from the processor, the actuator configured
to interface with the intravascular device based on the
actuation signals to the steer the intravascular device.
[0008] A method of steering an intravascular device is
also provided that includes providing an intravascular
steering device having: a housing sized and shaped for
grasping by a hand of a user, the housing including a
proximal portion and a distal portion, wherein the distal
portion includes an opening sized and shaped to receive
the proximal section of the intravascular device; a steer-
ing controller coupled to the housing; a processor in com-
munication with the steering controller, the processor
configured to translate inputs from the steering controller
into actuation signals based on a code architecture,
wherein the code architecture includes a script for at least
one of a return home function, a return to stored position
function, a store current position function, or an automat-
ed mapping function; and an actuator positioned within
the housing and in communication with the processor
such that the actuator receives the actuation signals from
the processor, the actuator configured to interface with
the intravascular device based on the actuation signals
to the steer the intravascular device; coupling an intra-
vascular device to the intravascular steering device by
introducing a proximal section of the intravascular device
into the opening in the housing; and utilizing the intra-
vascular steering device to guide the intravascular device
to a target location within a patient.
[0009] Additional aspects, features, and advantages
of the present disclosure will become apparent from the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Illustrative embodiments of the present disclo-
sure will be described with reference to the accompany-
ing drawings, of which:

FIG. 1 is a perspective view of an intravascular sys-
tem including a handheld steering device, an intra-
vascular device, and a processing system according
to the present disclosure.
FIG. 2 is a side view of the intravascular system of
Fig. 1 showing steering of the intravascular device
by the handheld steering device in a first dimension
(e.g., up and down).
FIG. 3 is a top view of the intravascular system of
Figs. 1 and 2 showing steering of the intravascular
device by the handheld steering device in a second
dimension (e.g., left and right), the second dimension
being perpendicular to the first dimension shown in
Fig. 2.
FIG. 4 is a top view of the intravascular system of
Figs. 1-3 showing translation of the intravascular de-
vice by the handheld steering device in a third di-
mension (e.g., forward and backward), the third di-
mension being perpendicular to the first and second

dimensions shown in Figs. 2 and 3.
FIG. 5 is a top view of the intravascular system of
Figs. 1-4 showing rotation (e.g., clockwise and/or
counter-clockwise) of the intravascular device by the
handheld steering device.
FIG. 6A is a top view of the handheld steering device
of Figs. 1-5.
FIG. 6B is a top view of the handheld steering device
similar to that of Fig. 6A, but with a top portion of a
housing of the handheld steering device removed to
reveal inner components of the handheld steering
device and showing an intravascular device en-
gaged with the handheld steering device.
FIG. 7 is a flow chart illustrating aspects of controlling
a steering device according to the present disclo-
sure.
FIG. 8 is a flow chart illustrating aspects of controlling
a steering device utilizing a return home control func-
tion according to the present disclosure.
FIG. 9 is a flow chart illustrating aspects of controlling
a steering device utilizing a return to a stored position
control function according to the present disclosure.
FIG. 10 is a flow chart illustrating aspects of control-
ling a steering device utilizing a store current position
function according to the present disclosure.
FIG. 11 is a flow chart illustrating aspects of control-
ling a steering device utilizing an automated mapping
function according to the present disclosure.
FIG. 12 is a flow chart illustrating aspects of control-
ling a steering device utilizing an auto lock function
according to the present disclosure.
FIG. 13 is a flow chart illustrating an exemplary code
architecture for controlling a steering device accord-
ing to the present disclosure.

[0011] For clarity of discussion, elements having the
same designation in the drawings may have the same or
similar functions. The drawings may be better understood
by referring to the following Detailed Description.

DETAILED DESCRIPTION

[0012] For the purposes of promoting an understand-
ing of the principles of the present disclosure, reference
will now be made to the embodiments illustrated in the
drawings, and specific language will be used to describe
the same. It is nevertheless understood that no limitation
to the scope of the disclosure is intended. Any alterations
and further modifications to the described devices, sys-
tems, and methods, and any further application of the
principles of the present disclosure are fully contemplat-
ed and included within the present disclosure as would
normally occur to one skilled in the art to which the dis-
closure relates. In particular, it is fully contemplated that
the features, components, and/or steps described with
respect to one embodiment may be combined with the
features, components, and/or steps described with re-
spect to other embodiments of the present disclosure.
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For the sake of brevity, however, the numerous iterations
of these combinations will not be described separately.
[0013] As used herein, "flexible elongate member" or
"elongate flexible member" includes at least any thin,
long, flexible structure that can be inserted into the vas-
culature of a patient. While the illustrated embodiments
of the "flexible elongate members" of the present disclo-
sure have a cylindrical profile with a circular cross-sec-
tional profile that defines an outer diameter of the flexible
elongate member, in other instances all or a portion of
the flexible elongate members may have other geometric
cross-sectional profiles (e.g., oval, rectangular, square,
elliptical, etc.) or non-geometric cross-sectional profiles.
Flexible elongate members include, for example, guide
wires and catheters. In that regard, catheters may or may
not include a lumen extending along its length for receiv-
ing and/or guiding other instruments. If the catheter in-
cludes a lumen, the lumen may be centered or offset with
respect to the cross-sectional profile of the device.
[0014] In most embodiments, the flexible elongate
members of the present disclosure include one or more
electronic, optical, or electro-optical components. For ex-
ample, without limitation, a flexible elongate member may
include one or more of the following types of components:
a pressure sensor, a flow sensor, a temperature sensor,
an imaging element, an optical fiber, an ultrasound trans-
ducer, a reflector, a mirror, a prism, an ablation element,
an RF electrode, a conductor, and/or combinations there-
of. Generally, these components are configured to obtain
data related to a vessel or other portion of the anatomy
in which the flexible elongate member is disposed. Often
the components are also configured to communicate the
data to an external device for processing and/or display.
In some aspects, embodiments of the present disclosure
include imaging devices for imaging within the lumen of
a vessel, including both medical and non-medical appli-
cations. However, some embodiments of the present dis-
closure are particularly suited for use in the context of
human vasculature. Imaging of the intravascular space,
particularly the interior walls of human vasculature can
be accomplished by a number of different techniques,
including ultrasound (often referred to as intravascular
ultrasound ("IVUS") and intracardiac echocardiography
("ICE")) and optical coherence tomography ("OCT"). In
other instances, infrared, thermal, or other imaging mo-
dalities are utilized.
[0015] The electronic, optical, and/or electro-optical
components of the present disclosure are often disposed
within a distal portion of the flexible elongate member.
As used herein, "distal portion" of the flexible elongate
member includes any portion of the flexible elongate
member from the mid-point to the distal tip. As flexible
elongate members can be solid, some embodiments of
the present disclosure will include a housing portion at
the distal portion for receiving the electronic components.
Such housing portions can be tubular structures attached
to the distal portion of the elongate member. Some flex-
ible elongate members are tubular and have one or more

lumens in which the electronic components can be posi-
tioned within the distal portion.
[0016] The electronic, optical, and/or electro-optical
components and the associated communication lines are
sized and shaped to allow for the diameter of the flexible
elongate member to be very small. For example, the out-
side diameter of the elongate member, such as a guide
wire or catheter, containing one or more electronic, op-
tical, and/or electro-optical components as described
herein are between about 0.0007" (0.0178 mm) and
about 0.118" (3.0 mm), with some particular embodi-
ments having outer diameters of approximately
0.014" (0.3556 mm), approximately 0.018" (0.4572 mm),
and approximately 0.035" (0.889 mm). As such, the flex-
ible elongate members incorporating the electronic, op-
tical, and/or electro-optical component(s) of the present
application are suitable for use in a wide variety oflumens
within a human patient besides those that are part or
immediately surround the heart, including veins and ar-
teries of the extremities, renal arteries, blood vessels in
and around the brain, and other lumens.
[0017] "Connected" and variations thereof as used
herein includes direct connections, such as being glued
or otherwise fastened directly to, on, within, etc. another
element, as well as indirect connections where one or
more elements are disposed between the connected el-
ements.
[0018] "Secured" and variations thereof as used herein
includes methods by which an element is directly secured
to another element, such as being glued or otherwise
fastened directly to, on, within, etc. another element, as
well as indirect techniques of securing two elements to-
gether where one or more elements are disposed be-
tween the secured elements.
[0019] Referring now to Fig. 1, shown therein is a sys-
tem 100 that includes an intravascular device 102, a
steering device 110, and a processing system 120. As
discussed in greater detail below, a proximal portion of
the intravascular device 102 is engaged with the steering
device 110 such that the steering device 110 can be uti-
lized to steer a distal portion of the intravascular device
102. In this regard, the steering device 110 provides a
user with an ergonomic and intuitive controller for accu-
rately and precisely controlling the movement of a dis-
posable intravascular device (e.g., multi-planar steering,
withdrawal, advancement, rotational, and/or combina-
tions thereof) within a patient. As a result, the system 100
and steering device 110 provide many advantages and
improvements over existing approaches, including with-
out limitation: single hand operation/control in all actua-
tion directions, simple and intuitive functional interface,
improved actuation precision including speed and angle
differentiation, fast yet controlled actuation response,
minimum user force input required for actuation (actua-
tion strength limited by motor specifications instead of
user comfort), ability to use with many different types of
intravascular devices with varying profiles/characteris-
tics, safety lock and return to neutral position functional-
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ities, minimum bend radius, reduced body sway when
actuating the distal tip, better torque response, disposa-
ble, lower cost, easier manufacturability and assembly,
modular componentry to facilitate simple manufacture
and/or assembly of numerous specialized devices.
[0020] The system 100 and steering device 110 can
also be implemented with various advanced control fea-
tures to further improve the functionality of the device
and associated user experience. For example, the sys-
tem 100 can utilize processor-implemented control func-
tionalities to further enhance the capabilities of the steer-
ing device 110, including features such as a return home
function, a return to stored position function, a store cur-
rent position function, an automated mapping function,
an auto lock function, a variable speed function, a multi-
level actuation function, a hysteresis compensation func-
tion, a calibration function, a remote control function,
and/or combinations thereof. Further, the system 100
and steering device 110 may include one or more of the
following features: memory for storing and recalling po-
sition(s) and/or actuation angle(s) in a controlled manner,
including allowing the setting of different positions as the
neutral intravascular device position, providing the user
accurate feedback on the intravascular device’s posi-
tion/actuation angle relative to home (neutral) position,
allowing control of the steering device by a remote user
(e.g., at the system console, in a separate room, and/or
across the world), multi-level actuation controls (e.g.,
coarse, fine, etc.), logging actuation usage for complaint
handling and/or case documentation, providing automat-
ed 3D anatomical mapping of the vessels, heart, or other
structures when used in conjunction with intravascular
devices having imaging elements, and producing more
consistent device control through in line calibrations for
both first time device use and repeated uses after reproc-
essing, which can reduce unit to unit variation and com-
pensate for the effects of wear and tear on the steering
device and/or intravascular device.
[0021] The intravascular device 102 includes a flexible
elongate member having a distal portion 104 adjacent a
distal end and a proximal portion 106 adjacent a proximal
end. A component 108 is positioned within the distal por-
tion 104 of the flexible elongate member proximal of the
distal end. Generally, the component 108 is representa-
tive of one or more electronic, optical, or electro-optical
components. In that regard, the component 108 can in-
clude an imaging element, an optical fiber, an ultrasound
transducer, a reflector, a mirror, a prism, an ablation el-
ement, an RF electrode, a pressure sensor, a flow sen-
sor, a temperature sensor, a conductor, and/or combi-
nations thereof. The specific type of component or com-
bination of components can be selected based on an
intended use of the intravascular device. In some instanc-
es, the component 108 is positioned less than 10 cm,
less than 5, or less than 3 cm from the distal tip 105. In
some instances, the component 108 is positioned within
a housing of the intravascular device 102. In that regard,
the housing is a separate component secured to the flex-

ible elongate member in some instances. In other in-
stances, the housing is integrally formed as a part of the
flexible elongate member.
[0022] In some instances, the intravascular device 102
also includes a connector adjacent the proximal portion
106 of the device. In that regard, the connector can be
at the proximal end of the flexible elongate member or
spaced from the proximal end of the flexible elongate
member. Generally, the spacing from the proximal end
can be between 0% and 50% of the total length of the
flexible elongate member. While the total length of the
flexible elongate member can be any length, in some
embodiments the total length is between about 1300 mm
and about 4000 mm, with some specific embodiments
having a length of 1400 mm, 1900 mm, and 3000 mm.
Accordingly, in some instances the connector is posi-
tioned at the proximal end. In other instances, the con-
nector is spaced from the proximal end. For example, in
some instances the connector is spaced from the proxi-
mal end between about 0 mm and about 1400 mm. In
some specific embodiments, the connector is spaced
from the proximal end by a distance of 0 mm, 300 mm,
and 1400 mm. In some implementations, the connector
is positioned at or adjacent to the proximal end of the
intravascular device 102 such that the connector engag-
es a mating connector within the steering device 110
when the intravascular device 102 is coupled with the
steering device 110. In other implementations, the con-
nector is spaced from the proximal end of the intravas-
cular device 102 such that the connector is positioned
outside of the steering device 110 when the intravascular
device 102 is coupled with the steering device 110, which
can allow selective coupling of the connector to a mating
connector separate from the steering device 110.
[0023] The connector is configured to facilitate com-
munication between the intravascular device 102 and an-
other device. More specifically, in some embodiments
the connector is configured to facilitate communication
of data obtained by the component 108 to another device,
such as a computing device or processor. Accordingly,
in some embodiments the connector is an electrical con-
nector. In such instances, the connector provides an
electrical connection to one or more electrical conductors
that extend along the length of the intravascular device
102 and are electrically coupled to the component 108.
In some embodiments the electrical conductors are em-
bedded within a core of the flexible elongate member. In
other embodiments, the connector is an optical connec-
tor. In such instances, the connector provides an optical
connection to one or more optical communication path-
ways (e.g., fiber optic cable) that extend along the length
of the intravascular device 102 and are optically coupled
to the component 108. Similarly, in some embodiments
the optical fibers are embedded within a core of the flex-
ible elongate member. Further, in some embodiments
the connector provides both electrical and optical con-
nections to both electrical conductor(s) and optical com-
munication pathway(s) coupled to the component 108.
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In that regard, it should be noted that component 108
can be comprised of a plurality of elements. The connec-
tor can be configured to provide a physical connection
to another device, either directly or indirectly. The con-
nector can also be configured to facilitate wireless com-
munication between the intravascular device 102 and an-
other device. Generally, any current or future developed
wireless protocol(s) may be utilized. In yet other instanc-
es, the connector facilitates both physical and wireless
connection to another device.
[0024] As noted above, in some instances the connec-
tor provides a connection between the component 108
of the intravascular device 102 and an external device.
Accordingly, in some embodiments one or more electrical
conductors, one or more optical pathways, and/or com-
binations thereof extend along the length of the intravas-
cular device 102 between the connector and the compo-
nent 108 to facilitate communication between the con-
nector and the component 108. Generally, any number
of electrical conductors, optical pathways, and/or com-
binations thereof can extend along the length of the in-
travascular device 102 between the connector and the
component 108, embedded in the core or not. In some
instances, between one and ten electrical conductors
and/or optical pathways extend along the length of the
intravascular device 102 between the connector at the
proximal portion 106 and the component 108 at the distal
portion 104. The number of communication pathways
and the number of electrical conductors and optical path-
ways extending along the length of the intravascular de-
vice 102 is determined by the desired functionality of the
component 108 and the corresponding elements that de-
fine component 108 to provide such functionality.
[0025] As noted above, the steering device 110 is con-
figured to control movement of the distal portion 104 of
the intravascular device 102 by interfacing with the prox-
imal portion 106 of the intravascular device 102. In this
regard, the steering device 110 can be configured to con-
trol movement of the distal portion 104 of the intravascu-
lar device 102 in one or more dimensions. For example,
Figs. 2-5 show various types of movements that can be
controlled by the steering device 110. Referring to Fig.
2, the steering device 110 is shown controlling movement
of the distal portion 104 of the intravascular device 102
in a first dimension (e.g., up and down relative to the
steering device 110). Referring to Fig. 3, the steering
device 110 is shown controlling movement of the distal
portion 104 of the intravascular device 102 in a second
dimension (e.g., left and right relative to the steering de-
vice 110) that is perpendicular to the dimension shown
in Fig. 2. While Figs. 2 and 3 show particular, exemplary
deviations of the distal portion 104 of the intravascular
device 102 in the noted dimensions, it is understood that
actuation of the steering device 110 in a particular direc-
tion can cause the distal tip of the intravascular device
102 to move between 0 degrees and 180 degrees (or
more) in that direction depending on the amount of ac-
tuation imparted by the user. Accordingly, in some im-

plementations continued actuation of the steering device
110 in a particular direction can cause the distal portion
104 of the intravascular device 102 to contact and/or loop
next to a more proximal portion of the intravascular device
102.
[0026] Referring to Fig. 4, the steering device 110 is
shown controlling movement of the distal portion 104 of
the intravascular device 102 in a third dimension (e.g.,
forward and backward relative to the steering device 110)
that is perpendicular to the dimensions shown in Figs. 2
and 3. In particular, Fig. 4 shows the steering device 110
controlling translation of the intravascular device 102
along a longitudinal axis of the intravascular device. In
some implementations, the steering device 110 can be
utilized to precisely control the advancement or retraction
of the intravascular device 102 through a patient, includ-
ing the distance, speed, and/or combination thereof. In
this regard, the steering device 110 can be utilized to
perform pullback procedures to obtain data over a length
of a region of interest within the patient.
[0027] Referring to Fig. 5, the steering device 110 is
shown controlling rotation of the distal portion 104 of the
intravascular device 102 about a longitudinal axis of the
intravascular device. In some implementations, the
steering device 110 can be utilized to precisely control
the rotational position of the distal portion 104 of the in-
travascular device 102 to facilitate aiming or positioning
of the distal portion 104 of the intravascular device in a
desired manner. For example, this can be useful for ab-
lation procedures, repositioning a sensing element (e.g.,
when an ambient opening for a pressure sensor is posi-
tioned against a vessel wall, rotation of the distal portion
of the intravascular device can move the opening towards
the center of the vessel to improve the accuracy of pres-
sure measurements), and/or other instances where a ro-
tational orientation of the intravascular device 102 can
affect the diagnosis and/or treatment.
[0028] The steering device 110 can be configured to
control movement of the distal portion 104 of the intra-
vascular device 102 in one or more of the manners shown
in Figs. 2-5, including all of them in some implementa-
tions. The particular movement(s) that the steering de-
vice 110 is configured to control may be selected based
on the type(s) of intravascular devices the steering device
is to be used with, user preference, and/or other factors.
[0029] Many of the advanced control features of the
present application can be applied to a wide range of
intravascular steering devices, including handheld devic-
es, surgical robots, and/or combinations thereof to further
improve the functionality of the steering device(s). Ac-
cordingly, while the features may be described below in
the context of handheld steering device 110, it is under-
stood that the features may also be utilized with numer-
ous other types of intravascular steering devices without
departing from the scope of the present disclosure.
[0030] Referring now to Figs. 6A and 6B, additional
details of the steering device 110 will be described. Re-
ferring initially to Fig. 6A, the steering device 110 includes
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a housing 112 having a proximal portion 114 and a distal
portion 116. The housing 112 is sized and shaped for
grasping by a single hand of a user. It is understood that
the housing 112 may have many different geometries
suitable for handheld use other than those shown in the
present disclosure. The steering device 110 also includes
a steering controller 118 coupled to the housing 112. The
steering controller 118 can be any suitable type of con-
troller including without limitation a joystick (as shown),
dial, track pad, scroll wheel, touchscreen, and/or combi-
nations thereof. In short, the steering controller 118
should be able to receive user inputs indicative of a de-
sired movement of the distal portion 104 of the intravas-
cular device 102. The steering controller 118 may include
multiple controls in some instances. For example, the
steering controller 118 may include separate control for
each dimension or a separate control for a combination
of dimensions (e.g., a control for x-y movements).
[0031] A single thumb joystick can be particular suita-
ble for controlling steering of the distal portion of the in-
travascular device 102 in all directions. In this regard, the
joystick circuit can include a biaxial potentiometer design
with a digital button pin press function. The joystick circuit
can be connected to a microcontroller. Through software
and/or firmware coding, a variety of functions can be con-
trolled through a single joystick. For example, the use of
a single click, double clicks, press for duration, etc. can
be utilized to toggle the joystick between different func-
tions/controls. However, additional buttons controlling
specific handle functionalities (e.g. on/off switch, lock but-
ton, etc.) can be included in addition to the joystick for
user convenience and ease of use.
[0032] The steering device 110 includes an actuator
130 to impart the desired forces on the intravascular de-
vice 102 for steering. It is understood that the actuator
130 can include various types of electro-mechanical, me-
chanical, pneumatic, optical-mechanical components,
and/or combinations thereof to impart forces on the prox-
imal portion 106 of the intravascular device 102 to control
the movement of the distal portion 104 of the intravascu-
lar device 102 in the desired direction(s). In some imple-
mentations, the actuator 130 includes one or more mo-
tors that impart movement and/or forces onto other com-
ponents. In some instances, it is desirable to have motors
that can be precisely controlled in terms of rotor position,
force, response time, etc. Accordingly, the motor(s) can
include stepper motors, servo motors, and/or other suit-
able motors in some implementations. Some exemplary
steering device arrangements are described in U.S. Pro-
visional Patent Application No. , filed October 9, 2015
and titled "HANDHELD STEERING DEVICES FOR IN-
TRAVASCULAR DEVICES AND ASSOCIATED SYS-
TEMS AND METHODS" (Attorney Docket No.
44755.1584PV01 / IVI-0085-PRO) and U.S. Patent Ap-
plication No. 14/135,310, filed December 19, 2013, each
of which is hereby incorporated by reference in its entire-
ty.
[0033] As shown in Fig. 6B, the steering device 110

can also include a microcontroller 140. The microcontrol-
ler 140 can be utilized to control the logic and store the
data and/or program code necessary for actuation and/or
advanced features of the steering device 110. In this re-
gard, it is understood that the microcontroller 140 can
include a processor, which may be implemented using a
general-purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or other pro-
grammable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof designed to perform the functions described
herein. The processor may also be implemented as a
combination of computing devices, e.g., a combination
of a DSP and a microprocessor, a plurality of microproc-
essors, one or more microprocessors in conjunction with
a DSP core, or any other such configuration.
[0034] It is also understood that the microcontroller
140 can include memory, which may include random ac-
cess memory (RAM), read-only memory (ROM), flash
memory devices in RAM, optical storage media, erasable
programmable read-only memory (EPROM), registers,
or combinations thereof, including a non-transitory com-
puter-readable medium. Instructions or code may be
stored in the memory of the microcontroller 140 that are
executable by a processor of the microcontroller. The
terms "instructions" and "code" should be interpreted
broadly to include any type of computer-readable state-
ment(s). For example, the terms "instructions" and "code"
may refer to one or more programs, routines, sub-rou-
tines, functions, procedures, etc.
’Instructions" and "code" may include a single computer-
readable statement or many computer-readable state-
ments.
[0035] The microcontroller 140 can power the motors
and/or other components of the actuator 130 needed for
the full range of steering actuations provided by the steer-
ing device 110. The microcontroller 140 can be powered
through a wired interface with an external device (e.g.,
processing system 120, a console, etc.) or via a recharge-
able power supply (e.g., one or more batteries, capaci-
tors, etc.) within the housing 112. To this end, the power
supply can be mounted within and/or removably coupled
to the housing 112.
[0036] As shown in Fig. 6A, the steering device 110
can include indicator lights 144, 146, and 148. The indi-
cator lights 144, 146, and 148 can provide various indi-
cations to the user as to the state of the steering device
110 and/or the intravascular device 102. The indicator
lights 144, 146, and 148 may be provided in addition to
other notifications to the user, for example via a graphical
user interface on the display 124 of the processing sys-
tem 120. As discussed below, the indicator lights can
provide a wide variety of notifications to the user, include
without limitation: on/off, device at HOME position, de-
vice at STORED position, device moving to HOME, de-
vice moving to STORED position, device position locked,
motor(s) at maxed position in a particular direction, etc.
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In this regard, the indicator lights 144, 146, and 148 can
be part of or in communication with the microcontroller
140 such that the microcontroller 140 controls the acti-
vation/status of the indicator lights 144, 146, and 148.
[0037] In addition to and/or in lieu of the indicator lights
144, 146, and 148, the steering device 110 can include
other indicators, including audible and tactile notifica-
tions. For example, in some implementations the steering
device 110 is configured to provide force feedback to the
user based on force sensors at the distal portion of the
intravascular device (monitoring the amount of
force/compression on the distal portion of the intravas-
cular device) and/or force sensors monitoring the amount
of tension of the pull-wires and/or the pull-wire wheel an-
chors. The force measurement(s) can then be conveyed
to the user via one or more vibration motors to create
haptic feedback (vibration location and magnitude can
vary depending on the sensor(s) detecting a force ex-
ceeding predefined thresholds and/or the magnitude of
the force measurement). The force measurements can
also be conveyed to the user via a graphical user inter-
face on the display 124 of the processing system 120,
via illumination of one or more of the indicator lights 144,
146, and 148, and/or an audible warning/alarm. Actuator
force measurements (e.g., tension, pressure, etc.) can
also be used to identify if a particular steering device 110
needs to be calibrated/refurbished by identifying signifi-
cant drop offs in the maximum actuation forces at the
maximum motor ranges when compared to the values
from original calibration/use.
[0038] The steering device 110 can be configured to
communicate with one or more external devices and/or
processing systems, such as processing system 120. In
this regard, the communications with the external devices
and/or processing systems can be utilized to control op-
eration of the steering device 110, provide feedback on
the steering/actuations imparted by the steering device,
and/or receive data from sensing elements associated
with the intravascular device 102 and/or steering device
110. It is understood that any communication pathway
126 between the steering device 110 and the external
devices and/or processing systems may be utilized, in-
cluding physical connections (including electrical, opti-
cal, and/or fluid connections), wireless connections,
and/or combinations thereof. In that regard, it is under-
stood that the communication pathway 126 is wireless in
some instances. As such, the microcontroller 140 can
include or be in communication with a wireless transceiv-
er positioned within the housing 112 to facilitate such
wireless communications. In some instances, the com-
munication pathway 126 includes a communication link
over a network (e.g., intranet, internet, telecommunica-
tions network, and/or other network). In that regard, it is
understood that the external devices and/or processing
systems, such as processing system 120, can be posi-
tioned remote from a procedure room where the steering
device 110 is being used. Having the communication
pathway 126 include a connection over a network can

facilitate communication between the steering device
110 and the external devices and/or processing systems
regardless of whether the external devices and/or
processing systems are in an adjacent room, an adjacent
building, or in a different state/country. Further, it is un-
derstood that the communication pathway 126 between
the steering device 110 and the external devices and/or
processing systems can a secure connection. Further
still, it is understood that the data communicated over
one or more portions of the communication pathway 126
between the steering device 110 and the external devices
and/or processing systems can be encrypted.
[0039] Referring now to Figs. 7-13, various aspects of
controlling a steering device according to the present dis-
closure will be discussed. In particular, Figs. 7-13 provide
flow charts illustrating various advanced control features
for steering devices in accordance with the present dis-
closure. The flow charts are provided as an exemplary
implementation of these control features and in no way
limit the manner in which the features may be implement-
ed. For example, it is understood the blocks/steps may
be performed in different orders and that additional
blocks/steps may be inserted before, after, and/or be-
tween the blocks/steps of each flow chart. Further, it is
understood that the various control features may be used
individually and/or in combination with one another.
[0040] Further still, it is understood that the control fea-
tures described with respect to Figs. 7-13 may be imple-
mented using a processor and/or memory, which may
be part of the steering device 110, the processing system
120, and/or another device in communication with the
steering device 110 and/or the processing system 120.
Instructions or code may be stored in the memory that
are executable by the processor for carrying out the con-
trol feature(s). The terms "instructions" and "code" should
be interpreted broadly to include any type of computer-
readable statement(s). For example, the terms "instruc-
tions" and "code" may refer to one or more programs,
routines, sub-routines, functions, procedures, etc.
’Instructions" and "code" may include a single computer-
readable statement or many computer-readable state-
ments. Further, processor can include a general-purpose
processor, a digital signal processor (DSP), an applica-
tion specific integrated circuit (ASIC), a field programma-
ble gate array (FPGA) or other programmable logic de-
vice, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described herein. The processor may
also be implemented as a combination of computing de-
vices, e.g., a combination of a DSP and a microproces-
sor, a plurality of microprocessors, one or more micro-
processors in conjunction with a DSP core, or any other
such configuration. Similarly, the memory can include
random access memory (RAM), read-only memory
(ROM), flash memory devices in RAM, optical storage
media, erasable programmable read-only memory
(EPROM), registers, or combinations thereof, including
a non-transitory computer-readable medium.
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[0041] Referring now to Fig. 7, shown therein is a flow
chart illustrating aspects of a method 700 of controlling
a steering device according to the present disclosure. At
block 702, the method 700 includes running a start-up
procedure. The start-up procedure can include: providing
power to the steering device 110, including activating the
steering controller 118, actuator 130, microcontroller
140, and/or indicator lights 144, 146, and 148, establish-
ing communication and/or verifying communication be-
tween the components of the steering device 110 (e.g.,
between the steering controller 118 and microcontroller
140, between the microcontroller 140 and the actuator
130, etc.), establishing communication and/or verifying
communication between the steering device 110 and the
processing system 120, calibrating the steering device
110 with respect to the intravascular device (e.g., estab-
lishing a center calibration (e.g., allows the steering de-
vice 110 to correct/account for any preset curve of the
intravascular device (e.g., due to wear and tear, shipping,
reprocessing, etc.) in defining the neutral position of the
intravascular device, which can be utilized to provide a
straight home position as soon as the steering device is
coupled to the intravascular device and powered on; can
also be used during manufacturing to reduce scraps and
unit to unit variation), compensating for hysteresis of the
intravascular device 102, comparing expected actuation
responses to actual actuation responses, etc.), activating
and/or deactivating one or more program scripts (e.g., a
return home function script, a return to stored position
function script, a store current position function script, an
automated mapping function script, an auto lock function
script, a variable speed function script, a multi-level ac-
tuation function script, a hysteresis compensation func-
tion script, a calibration function script, a remote control
function script, and/or combinations thereof); and/or oth-
er start-up or set-up procedures.
[0042] At block 704, the method 700 includes initiating
an operation loop. In the operation loop, the steering de-
vice 110 can be utilized to steer an intravascular device
102 coupled to the steering device 110.
[0043] At block 706, the method includes determining
whether a console override has been activated. In this
regard, the system 100 can be configured to control op-
eration of the actuator 130 of the steering device 110
based on inputs to the processing system 120 (e.g., via
an associated keyboard, mouse, joystick, touchpad, etc.)
or other remote device, which may be described as con-
sole operation of the steering device 110. Console oper-
ation of the steering device 110 can facilitate remote con-
trol of the steering of the intravascular device 102 by a
user outside of the procedure room.
[0044] Ifit is determined at block 706 that the console
override has been activated (i.e., console operation has
been selected), then the method 700 proceeds to block
708 where console operation is performed. In this regard,
selection or activation of console operation can cause
the handheld operation of the steering device 110 to be
disabled or deactivated. However, in some instances

both console operation and handheld operation are si-
multaneously available for steering the intravascular de-
vice 102. In console operation, the method 700 includes,
at block 710, receiving control inputs from the console
and, at block 712, activating the steering actuator 130
based on the control inputs from the console.
[0045] The activation of the steering actuator can in-
clude running one or more control scripts based on the
control inputs from the console. In this regard, the control
scripts can be utilized to translate relatively simple control
inputs from the console into more complicated steering
actuations. For example, the scripts can include such
functionality as automatically returning to a home posi-
tion, automatically returning to a stored position, storing
a current position, automatically mapping a vessel, au-
tomatically locking a current actuation position, providing
variable speed actuation (e.g., speed differentiation
through the actuator’s range to create smooth and re-
sponsive movement throughout the actuation range,
eliminating steering dead zones and/or inconsistent re-
sponsiveness), providing multi-level actuation (e.g.,
coarse positioning versus fine positioning), automatically
compensating for a detected hysteresis of the intravas-
cular device, and/or combinations thereof. Further, the
range of actuation of the steering device 110 can be elec-
tronically limited. For example, where inputs to the con-
sole are converted into corresponding actuation signals
for one or more motor(s) of the actuator 130, the range
of the motor(s) can be electronically limited to stay within
a desired range of actuation regardless of the control
inputs received from the console. In some instances,
there is no limitation to the range of actuation.
[0046] At block 714, in console operation mode the
method includes logging the actuation activity associated
with the control inputs from the console. The actuation
activity can include a log various parameters associated
with the system 100, such as control inputs from the con-
sole, status/positions of the actuator of the steering de-
vice 110, and/or movement/positions of the intravascular
device 102. The log of the actuation activity can be uti-
lized to calibrate the steering device 110 for use with the
intravascular device 102. For example, the system can
adjust the amount of actuation imparted by the actuator
130 in response to particular control signals from the con-
sole to match the actual steering of the intravascular de-
vice to the user’s expected steering based on the input.
This calibration can compensate for steering responsive-
ness issues associated with the steering device 110, the
intravascular device 102, and/or the interface between
the steering device 110 and the intravascular device 102.
The log of the actuation activity can also be utilized to
document procedures, evaluate performance of the
steering device 110 and/or intravascular device 102,
and/or numerous other analytical analyses. The log of
the actuation activity can be utilized within the same pro-
cedure and/or a subsequent use of the steering device
110 and/or the intravascular device 102 to improve the
control of the steering. In this regard, the method 700
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can continue the operation loop by returning to block 706.
[0047] Ifit is determined at block 706 that the console
override has not been activated (i.e., handheld operation
has been selected), then the method 700 proceeds to
block 716 where handheld operation is performed. In this
regard, selection or activation of handheld operation can
cause the console operation of the steering device 110
to be disabled or deactivated. However, in some instanc-
es both handheld operation and console operation are
simultaneously available for steering the intravascular
device 102. In handheld operation, the method 700 in-
cludes, at block 718, receiving control inputs from the
handheld controller (e.g., from steering controller 118 of
the steering device 110) and, at block 720, activating the
steering actuator 130 based on the control inputs from
the handheld controller.
[0048] The activation of the steering actuator can in-
clude running one or more control scripts based on the
control inputs from the steering device 110. In this regard,
the control scripts can be utilized to translate relatively
simple control inputs from the steering device 110 into
more complicated steering actuations. For example, the
scripts can include such functionality as automatically
returning to a home position, automatically returning to
a stored position, storing a current position, automatically
mapping a vessel, automatically locking a current actu-
ation position, providing variable speed actuation, pro-
viding multi-level actuation (e.g., coarse positioning ver-
sus fine positioning), automatically compensating for a
detected hysteresis of the intravascular device, and/or
combinations thereof. Further, the range of actuation of
the steering device 110 can be electronically limited. For
example, where inputs to the console are converted into
corresponding actuation signals for one or more motor(s)
of the actuator 130, the range of the motor(s) can be
electronically limited to stay within a desired range of
actuation regardless of the control inputs received from
the console. In some instances, there is no limitation to
the range of actuation. It is understood that the same
control scripts may be utilized for both console operation
and handheld operation in some implementations. In oth-
er implementations, separate control scripts are provided
for console operation and handheld operation (e.g., to
account for the differences between the types of inputs
received), but that achieve similar resulting functionality.
[0049] At block 722, in handheld operation mode the
method includes logging the actuation activity associated
with the control inputs from the handheld controller. The
actuation activity can include a log various parameters
associated with the system 100, such as control inputs
from the steering device 110, status/positions of the ac-
tuator 130 of the steering device 110, and/or move-
ment/positions of the intravascular device 102. The log
of the actuation activity can be utilized to calibrate the
steering device 110 for use with the intravascular device
102. For example, the amount of actuation imparted by
the actuator 130 in response to particular control signals
from the steering controller 118 can be adjusted to match

the actual steering of the intravascular device to the us-
er’s expected steering based on the input. This calibra-
tion can compensate for steering responsiveness issues
associated with the steering device 110, the intravascular
device 102, and/or the interface between the steering
device 110 and the intravascular device 102. The log of
the actuation activity can also be utilized to document
procedures, evaluate performance of the steering device
110 and/or intravascular device 102, and/or numerous
other analytical analyses. The log of the actuation activity
can be utilized within the same procedure and/or a sub-
sequent use of the steering device 110 and/or the intra-
vascular device 102 to improve the control of the steering.
In this regard, the method 700 can continue the operation
loop by returning to block 706. In some instances the log
of actuation activity for console operation may be utilized
to adjust operating parameters during handheld opera-
tion, and vice versa.
[0050] Referring now to Fig. 8, shown therein is a flow
chart illustrating aspects of a method 800 of controlling
a steering device utilizing a return home control function
according to the present disclosure. The method 800 may
be implemented as part of the console operation (blocks
708-714) and/or the handheld operation (blocks
716-722) of method 700 described above. Accordingly,
at block 802, the method 800 includes operating in hand-
held operation mode and/or console operation mode. At
block 804, the method 800 includes determining whether
a return home control input has been received. In this
regard, the return home control input can include a par-
ticular control input and/or a series of control inputs from
the handheld controller and/or the console. Generally,
any type of input that is detectable and distinguishable
from other control inputs may be utilized as the return
home control input. In some instances, the handheld de-
vice and/or console includes a dedicated input for the
return home control input (e.g., a separate button on the
handheld device and/or a virtual button on the graphical
user interface), such that the steering device 110 auto-
matically returns the intravascular device 102 to the
home position upon activation of the dedicated input.
[0051] Ifit is determined at block 804 that a return home
control input has not been received, then the method 800
proceeds to block 802 and continues handheld and/or
console operation. If it is determined atblock 804 that a
return home control input has been received, then the
method 800 proceeds to block 806, where user control
inputs are temporarily disabled. Temporarily disabling
the user control inputs allows the steering device 110 to
utilize the actuator 130to return the intravascular device
102 to the home position without interference from new
steering control inputs from the user. At block 808, the
method 800 includes activating the steering actuators to
return the intravascular device to the home position. In
this regard, parameters associated with the home posi-
tion may be saved in memory of the steering device 110
and/or the processing system 120.
[0052] At block 810, the method 800 includes providing
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the user a notification as to the home position status. In
some implementations, one or more of the light indicators
144, 146, and 148 may be utilized to provide a status
notification to the user. For example, a first light, color
(e.g., white), and/or number of blinks can indicate that
return home script has been activated, a second light,
color (e.g., yellow), and/or number of blinks can indicate
that the steering device 110 is in the process ofreturning
to the home position, a third light, color (e.g., green),
and/or number of blinks can indicate that the steering
device 110 has reached the home position, and/or a
fourth light, color (e.g., red), and/or number of blinks can
indicate that an error has occurred. Similarly, tactile
and/or audible indicators can also be used to convey the
home position status to the user. Following block 810,
the method 800 continues with handheld and/or console
operation at block 802.
[0053] Referring now to Fig. 9, shown therein is a flow
chart illustrating aspects of a method 900 of controlling
a steering device utilizing a return to a stored position
control function according to the present disclosure. The
method 900 may be implemented as part of the console
operation (blocks 708-714) and/or the handheld opera-
tion (blocks 716-722) of method 700 described above.
Accordingly, at block 902, the method 900 includes op-
erating in handheld operation mode and/or console op-
eration mode. At block 904, the method 900 includes
determining whether a return to stored position control
input has been received. In this regard, the return to
stored position control input can include a particular con-
trol input and/or a series of control inputs from the hand-
held controller and/or the console. Generally, any type
of input that is detectable and distinguishable from other
control inputs may be utilized as the return to stored po-
sition control input. In some instances, the handheld de-
vice and/or console includes a dedicated input for the
return to stored position control input (e.g., a separate
button on the handheld device and/or a virtual button on
the graphical user interface), such that the steering de-
vice 110 automatically returns the intravascular device
102 to the stored position upon activation of the dedicated
input. In some instances, multiple stored positions may
be available and have associated control inputs that
cause the steering device 110 to return to a particular
one of the stored positions.
[0054] Ifit is determined at block 904 that a return to
stored position control input has not been received, then
the method 900 proceeds to block 902 and continues
handheld and/or console operation. Ifit is determined at
block 904 that a return to stored position control input
has been received, then the method 900 proceeds to
block 906, where user control inputs are temporarily dis-
abled. Temporarily disabling the user control inputs al-
lows the steering device 110 to utilize the actuator 130to
return the intravascular device 102 to the stored position
without interference from new steering control inputs
from the user. At block 908, the method 900 includes
activating the steering actuators to return the intravascu-

lar device to the stored position. In this regard, parame-
ters associated with the stored position may be saved in
memory of the steering device 110 and/or the processing
system 120.
[0055] At block 910, the method 900 includes providing
the user a notification as to the stored position status. In
some implementations, one or more of the light indicators
144, 146, and 148 may be utilized to provide a status
notification to the user. For example, a first light, color
(e.g., white), and/or number of blinks can indicate that
the return to stored position script has been activated, a
second light, color (e.g., yellow), and/or number of blinks
can indicate that the steering device 110 is in the process
of returning to the stored position, a third light, color (e.g.,
green), and/or number of blinks can indicate that the
steering device 110 has reached the stored position,
and/or a fourth light, color (e.g., red), and/or number of
blinks can indicate that an error has occurred. Similarly,
tactile and/or audible indicators can also be used to con-
vey the stored position status to the user. Following block
910, the method 900 continues with handheld and/or con-
sole operation at block 902.
[0056] Referring now to Fig. 10, shown therein is a flow
chart illustrating aspects of a method 1000 of controlling
a steering device utilizing a store current position function
according to the present disclosure. The method 1000
may be implemented as part of the console operation
(blocks 708-714) and/or the handheld operation (blocks
716-722) of method 700 described above. Accordingly,
at block 1002, the method 1000 includes operating in
handheld operation mode and/or console operation
mode. At block 1004, the method 900 includes determin-
ing whether a store current position control input has
been received. In this regard, the store current position
control input can include a particular control input and/or
a series of control inputs from the handheld controller
and/or the console. Generally, any type of input that is
detectable and distinguishable from other control inputs
may be utilized as the store current position control input.
In some instances, the handheld device and/or console
includes a dedicated input for the store current position
control input (e.g., a separate button on the handheld
device and/or a virtual button on the graphical user inter-
face).
[0057] Ifit is determined at block 1004 that a store cur-
rent position control input has not been received, then
the method 1000 proceeds to block 1002 and continues
handheld and/or console operation. Ifit is determined at
block 1004 that a store current position control input has
been received, then the method 1000 proceeds to block
1006, where variables associated with the current posi-
tion are logged. In this regard, the variables/parameters
associated with the stored position may be saved in mem-
ory of the steering device 110 and/or the processing sys-
tem 120. In some instances, variables/parameters asso-
ciated with multiple stored positions are saved in mem-
ory. In such instances, the user may select and/or the
system may automatically determine whether the varia-
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bles/parameters of the current position should overwrite
the variables/parameters associated with a previously
stored position and/or be stored separately as a new po-
sition. Generally, any objectively measurable or detect-
able variables/parameters of the system associated with
the current position may be stored. The variables/param-
eters may include one or more of: actuator status (e.g.,
on/off, position, tension, force, pressure, etc.), steering
controller status (e.g., current position, recent positions,
current control input(s), recent control input(s), etc.), in-
travascular device status (e.g., position, orientation, ten-
sion, force, pressure, etc.), and/or combinations thereof.
[0058] At block 1008, the method 1000 includes pro-
viding the user a notification as to the store current po-
sition status. In some implementations, one or more of
the light indicators 144, 146, and 148 may be utilized to
provide a status notification to the user. For example, a
first light, color (e.g., white), and/or number of blinks can
indicate that the store current position script has been
activated, a second light, color (e.g., yellow), and/or
number of blinks can indicate that the steering device
110 is in the process of storing the variables/parameters
associated with the current position, a third light, color
(e.g., green), and/or number of blinks can indicate that
the steering device 110 has stored the variables/param-
eters associated with the current position, and/or a fourth
light, color (e.g., red), and/or number of blinks can indi-
cate that an error has occurred. Similarly, tactile and/or
audible indicators can also be used to convey the store
current position status to the user. Following block 1008,
the method 1000 continues with handheld and/or console
operation at block 1002.
[0059] Referring now to Fig. 11, shown therein is a flow
chart illustrating aspects of a method 1100 of controlling
a steering device utilizing an automated mapping func-
tion according to the present disclosure. The method
1200 may be implemented as part of the console oper-
ation (blocks 708-714) and/or the handheld operation
(blocks 716-722) of method 700 described above. Ac-
cordingly, at block 1102, the method 1100 includes op-
erating in handheld operation mode and/or console op-
eration mode. At block 1104, the method 1100 includes
determining whether an automated mapping control in-
put has been received. In this regard, the automated
mapping control input can include a particular control in-
put and/or a series of control inputs from the handheld
controller and/or the console. Generally, any type of input
that is detectable and distinguishable from other control
inputs may be utilized as the automated mapping control
input. In some instances, the handheld device and/or
console includes a dedicated input for the automated
mapping control input (e.g., a separate button on the
handheld device and/or a virtual button on the graphical
user interface).
[0060] Ifit is determined at block 1104 that an automat-
ed mapping control input has not been received, then the
method 1100 proceeds to block 1102 and continues
handheld and/or console operation. Ifit is determined at

block 1104 that an automated mapping control input has
been received, then the method 1100 proceeds to block
1106, where a selected route input is received. In this
regard, the selected route may identify a region of interest
within the patient’s vessel for which automated mapping
is desired. In this regard, the route may include regions
of the vessel through which the intravascular device has
already been steered or previously routed and obtained
data for as well as regions of the vessel through which
the intravascular device has not been steered or previ-
ously routed (or during which the sensing element of the
intravascular device was not activated).
[0061] At block 1108, it is determined whether the se-
lected route was previously routed while the intravascular
device 102 obtained data. If it is determined at block 1108
that the intravascular device has previously traveled the
selected route and obtained corresponding data, then
the method 1100 proceeds to block 1110.
[0062] At block 1110, the method 1100 includes gen-
erating a map. In this regard, the automated mapping
can synchronize or co-register the data collected by the
intravascular device with the corresponding actuator po-
sitions when the intravascular device was positioned
within and/or moving along the region of interest. In this
regard, the data from the intravascular device can include
thermal sensing data that can be used to generate a ther-
mal map, IVUS, OCT, ICE, and/or photo-acoustic imag-
ing data that can be used to generate a 3D anatomical
map, pressure sensing data that can be used to generate
a pressure map, etc. Ifadditional precision is desired with
regards to the correlation between actuator position and
the intravascular device position/state, a gyrometer/ac-
celerometer can be integrated into the actuator of the
steering device 110 and utilized to correlate the data ob-
tained by the intravascular device with the position of the
intravascular device at the time the data was obtained.
[0063] Ifit is determined at block 1108 that the intra-
vascular device has not previously traveled the selected
route and obtained corresponding data, then the method
1100 proceeds to block 1112. At block 1112, user control
inputs are temporarily disabled. Temporarily disabling
the user control inputs allows the steering device 110 to
utilize the actuator 130 move the intravascular device
102 along the selected route without interference from
new steering control inputs from the user. At block 1114,
the method 1100 includes activating the steering actua-
tors to execute the selected route. Following block 1114,
the method 1100 continues to block 1110 where a map
is generated.
[0064] At block 1116, the method 1100 includes pro-
viding the user a notification as to the automated mapping
status. In some implementations, one or more of the light
indicators 144, 146, and 148 may be utilized to provide
a status notification to the user. For example, a first light,
color (e.g., white), and/or number of blinks can indicate
that the automated mapping script has been activated,
a second light, color (e.g., yellow), and/or number of
blinks can indicate that the automated mapping is in proc-
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ess, a third light, color (e.g., green), and/or number of
blinks can indicate that automated mapping has been
completed, and/or a fourth light, color (e.g., red), and/or
number of blinks can indicate that an error has occurred.
Similarly, tactile and/or audible indicators can also be
used to convey the automated mapping status to the us-
er. Following block 1116, the method 1100 continues with
handheld and/or console operation at block 1102.
[0065] Referring now to Fig. 12, shown therein is a flow
chart illustrating aspects of a method 1200 of controlling
a steering device utilizing an auto lock function according
to the present disclosure. The method 1200 may be im-
plemented as part of the console operation (blocks
708-714) and/or the handheld operation (blocks
716-722) of method 700 described above. Accordingly,
at block 1202, the method 1200 includes operating in
handheld operation mode and/or console operation
mode. At block 1204, the method 1200 includes deter-
mining whether an auto lock function has been enabled.
In this regard, the auto lock function can be automatically
and/or selectively activated based on user input, steering
device properties, and/or intravascular device properties.
[0066] Ifit is determined at block 1204 that the auto lock
function has been activated/enabled, then the method
1200 proceeds to block 1206, where auto lock operation
is initiated. At block 1208, control inputs are received
from a steering controller (e.g., steering device 110
and/or the processing system 120). At block 1210, the
method 1200 includes maintaining the actuator 130 in
the current position upon release of the steering control-
ler and/or receipt of the control inputs from the steering
controller. In this regard, the auto lock function causes
the steering device 110 to hold or maintain the actuated
state of the actuator 130 upon release of the steering
controller (e.g., the joystick) and/or return of the steering
controller back to its neutral position.
[0067] At block 1212, the method 1200 includes pro-
viding the user a notification as to the auto lock status.
In some implementations, one or more of the light indi-
cators 144, 146, and 148 may be utilized to provide a
status notification to the user. For example, a first light,
color (e.g., white), and/or number of blinks can indicate
that the auto lock script has been activated, a second
light, color (e.g., yellow), and/or number of blinks can
indicate that the steering controller is in use and that the
auto lock function will be implemented upon release of
the steering controller, a third light, color (e.g., green),
and/or number of blinks can indicate that the auto lock
function has been completed, and/or a fourth light, color
(e.g., red), and/or number of blinks can indicate that an
error has occurred. Similarly, tactile and/or audible indi-
cators can also be used to convey the auto lock status
to the user. Following block 1212, the method 1200 con-
tinues with handheld and/or console operation at block
1202.
[0068] Ifit is determined at block 1204 that the auto lock
function has not been activated/enabled, then the meth-
od 1200 proceeds to block 1214, where non-auto lock

operation is initiated. At block 1216, control inputs are
received from a steering controller (e.g., steering device
110 and/or the processing system 120). At block 1218,
the method 1200 includes returning the actuator 130 to
a neutral/home position upon release of the steering con-
troller and/or receipt of the control inputs from the steering
controller. In this regard, since the auto lock function is
not enabled, the steering device 110 does not hold or
maintain the actuated state of the actuator 130 upon re-
lease of the steering controller (e.g., the joystick) and/or
return of the steering controller back to its neutral posi-
tion. Instead, the steering device 110 allows the actuator
130 to return to a neutral/home position. In some imple-
mentations, the steering device 110 limits the rate at
which the actuator 130 returns to a neutral/home position
to prevent unwanted whipping and/or snapping of the
intravascular device 102 or the actuator 130.
[0069] At block 1220, the method 1200 includes pro-
viding the user a notification as to the actuator position
status. In some implementations, one or more of the light
indicators 144, 146, and 148 may be utilized to provide
a status notification to the user. For example, a first light,
color (e.g., green), and/or number of blinks can indicate
that the actuator is within an acceptable range of safe
positions, a second light, color (e.g., yellow), and/or
number of blinks can indicate that the actuator is within,
but near the border of the acceptable range of safe po-
sitions, and/or a third light, color (e.g., red), and/or
number of blinks can indicate that the actuator is outside
of the acceptable range of safe positions or that an error
has occurred. Similarly, tactile and/or audible indicators
can also be used to convey the actuator position status
to the user. Following block 1220, the method 1200 con-
tinues with handheld and/or console operation at block
1202.
[0070] Referring now to Fig. 13, shown therein is a flow
chart illustrating an exemplary code architecture 1300
for controlling a steering device according to the present
disclosure. In this regard, the code architecture 1300 may
be utilized to implement one or more of the methods 700,
800, 900, 1000, 1100, and 1200 described above. In this
regard, the code architecture 1300 includes a start-up
sequence 1301 and an operation loop 1302.
[0071] The start-up sequence 1301 can include: pro-
viding power to the steering device 110, including acti-
vating the steering controller 118, actuator 130, micro-
controller 140, and/or indicator lights 144, 146, and 148,
establishing communication and/or verifying communi-
cation between the components of the steering device
110 (e.g., between the steering controller 118 and micro-
controller 140, between the microcontroller 140 and the
actuator 130, etc.), establishing communication and/or
verifying communication between the steering device
110 and the processing system 120, calibrating the steer-
ing device 110 with respect to the intravascular device
(e.g., establishing a center calibration, compensating for
hysteresis of the intravascular device 102, comparing ex-
pected actuation responses to actual actuation respons-
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es, etc.),
activating and/or deactivating one or more program
scripts (e.g., a return home function script, a return to
stored position function script, a store current position
function script, an automated mapping function script, an
auto lock function script, a variable speed function script,
a multi-level actuation function script, a hysteresis com-
pensation function script, a calibration function script, a
remote control function script, and/or combinations
thereof); and/or other start-up or set-up procedures.
[0072] The operation loop 1302 can include numerous
control scripts to facilitate handheld operation and/or con-
sole operation of the steering device 110. The particular
control scripts and arrangements illustrated are for ex-
emplary purposes and do not limit the particular manner
in which the control features can be implemented in ac-
cordance with the present disclosure. The operation loop
1302 includes code 1304 for determining whether a con-
sole override has been enabled, including checking the
state of the intravascular device 102, steering device 110,
and/or processing system 120 and activating the light
indicators 144, 146, and 148 as needed. The operation
loop 1302 includes code 1306 for disabling the steering
controller 118 of the steering device 110 if the console
override has been enabled and keeping the steering con-
troller disabled until console override is disabled. The
operation loop 1302 includes code 1308 for waiting and
receiving for user inputs from the console/processing
system 120 and displaying associated menus and op-
tions on a graphical user interface of the con-
sole/processing system 120 when the console override
has been enabled. The operation loop 1302 includes
code 1310 for translating control inputs received via the
console/processing system 120 into actuation signals for
the actuator 130 of the steering device. The operation
loop 1302 includes code 1312 for waiting for and receiv-
ing user inputs from the steering controller 118 of the
steering device. The operation loop 1302 includes code
1310 for translating control inputs received via the steer-
ing device 110 into actuation signals for the actuator 130
of the steering device.
[0073] The code 1310 for translating control inputs re-
ceived via the steering device 110 and/or the con-
sole/processing system 120 into actuation signals for the
actuator 130 of the steering device can be configured to
execute one or more control scripts associated with par-
ticular features of the system. For example, in the illus-
trated embodiment a return home script 1314 can be pro-
vided that includes code 1316 to cause the steering de-
vice 110 to execute a return home function, including
temporarily disabling user inputs, causing the actuator
130 to return to a home position, compensating for intra-
vascular device hysteresis, and/or enabling associated
user notifications. A return to stored position script 1318
can be provided that includes code 1320 to cause the
steering device 110 to execute a return to stored position
function, including temporarily disabling user inputs,
causing the actuator 130 to return to a previously stored

position, compensating for intravascular device hystere-
sis, and/or enabling associated user notifications. A store
current position script 1322 can be provided that includes
code 1324 to cause the steering device 110 to store var-
iables/parameters associated with the current position,
including over-writing previously stored position varia-
bles/parameters and/or enabling associated user notifi-
cations.
[0074] The operation loop 1302 includes code 1326
for controlling the actuator 130 of the steering device 110.
In this regard, code 1326 can execute code 1328 when
the steering device 110 is being utilized to steer and can
execute code 1330 when the console/processing system
120 is being utilized to steer. In this regard, the code 1328
can translate the control inputs from the steering device
110 into actuation signals for the actuator 130 of the
steering device. Similarly, code 1330 can translate the
control inputs from the console/processing system 120
into actuation signals for the actuator 130 of the steering
device. Code 1332 can cause the actuator 130 to execute
the actuation signals generated by code 1328 and/or
code 1330 to steer the intravascular device 102. The op-
eration loop can also include code 1334 for executing (or
not) an auto lock function depending on whether the auto
lock function has been enabled (or disabled).
[0075] The operation loop 1302 also includes an auto-
mated mapping script 1336 that includes code 1336 for
waiting on a user input for a custom actuation route and/or
a predetermined actuation route associated with the
mapping. The automated mapping script 1336 can also
include code 1340 to cause the steering device 110 to
execute a selected mapping route, including temporarily
disabling user inputs, causing the actuator 130 to execute
the selected route, cause the intravascular device to col-
lect data during the route, compensate for intravascular
device hysteresis, and/or enabling associated user noti-
fications regarding the automated mapping.
[0076] The operation loop 1302 also includes code
1342 for logging actuation parameters during use of the
steering device 110. The code 1342 can also communi-
cate some or all of the logged parameters to the con-
sole/processing system 120. The code 1342 can also
cause the console/processing system 120 to update one
or more aspects of a graphical user interface to reflect
the logged actuation parameters. The code and scripts
of the operation loop 1302 can be repeated, as needed,
to facilitate operation of the steering device 110 and its
associated control features.
[0077] Persons skilled in the art will also recognize that
the apparatus, systems, and methods described above
can be modified in various ways. Accordingly, persons
of ordinary skill in the art will appreciate that the embod-
iments encompassed by the present disclosure are not
limited to the particular exemplary embodiments de-
scribed above. In that regard, although illustrative em-
bodiments have been shown and described, a wide
range of modification, change, and substitution is con-
templated in the foregoing disclosure. It is understood
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that such variations may be made to the foregoing without
departing from the scope of the present disclosure. Ac-
cordingly, it is appropriate that the appended claims be
construed broadly and in a manner consistent with the
present disclosure.

Claims

1. An intravascular steering device (110), comprising:

a housing (112) sized and shaped for grasping
by a hand of a user, the housing (112) including
a proximal portion and a distal portion, wherein
the distal portion includes an opening sized and
shaped to receive an intravascular device (102);
a steering controller (118) coupled to the hous-
ing (112);
a processor in communication with the steering
controller (118), the processor configured to
translate user control inputs from the steering
controller (118) into actuation signals based on
a code architecture, wherein the code architec-
ture includes a script for at least one of a return
home function, a return to stored position func-
tion, an automated mapping function or a store
current position function, and wherein the script
includes instructions to disable the user control
inputs in a period from receipt of a user control
input to execute the return home function and
until completion of the return home function, or
in a period from receipt of a user control input
to execute the return to stored position function
and until completion of the return to stored po-
sition function, or in a period from receipt of a
user control input to execute the automated
mapping function and until completion of the au-
tomated mapping function, respectively; and
an actuator (130) positioned within the housing
(112) and in communication with the processor
such that the actuator (130) receives the actu-
ation signals from the processor, the actuator
(130) being configured to interface with the in-
travascular device (102) based on the actuation
signals to the steer the intravascular device
(102).

2. The intravascular steering device (110) of claim 1,
wherein the steering controller (118) includes a joy-
stick.

3. The intravascular steering device (110) of claim 1,
wherein the actuator (130) includes: a first mecha-
nism for controlling movement in a first dimension;
and
a second mechanism for controlling movement in a
second dimension perpendicular to the first dimen-
sion; and

a third mechanism for controlling rotation of the in-
travascular device (102) about a longitudinal axis of
the intravascular device (102), the longitudinal axis
being perpendicular to the first and second dimen-
sions.

4. The intravascular steering device (110) of claim 1,
wherein the processor is positioned within the hous-
ing (112).

5. The intravascular steering device (110) of claim 1,
wherein the processor is positioned remote from the
housing (112).

6. The intravascular steering device (110) of claim 1,
further comprising:
a haptic feedback device positioned within the hous-
ing (112), the haptic feedback device configured to
provide an alert to a user when a force on the intra-
vascular device (102) exceeds a threshold.

7. The intravascular steering device (110) of claim 6,
wherein the force on the intravascular device (102)
is measured by at least one of:

a sensor within the housing (112); or
a sensor within the intravascular device (102).

8. The intravascular steering device (110) of claim 1,
further comprising: a rechargeable power supply po-
sitioned within the housing (112); and a wireless
transceiver positioned within the housing (112).

9. The system according to claim 1 wherein the intra-
vascular device (102) comprises a proximal section
(106) and a distal section (104), and wherein at least
one sensing component (108) is coupled to the distal
section (104).

10. The intravascular steering device (110) of claim 9,
wherein the at least one sensing component (108)
includes at least one of a pressure sensor, a flow
sensor, or an imaging element.

11. The intravascular steering device (110) of claim 9,
wherein the intravascular device (102) is a catheter.

12. The system of claim 9, wherein the intravascular de-
vice (102) is a guide wire.

13. The intravascular steering device (110) of claim 9,
wherein the actuator (130) includes:

a first mechanism for controlling movement in a
first dimension;
a second mechanism for controlling movement
in a second dimension perpendicular to the first
dimension; and
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a third mechanism for controlling rotation of the
intravascular device (102) about a longitudinal
axis of the intravascular device (102), the longi-
tudinal axis being perpendicular to the first and
second dimensions.

14. The intravascular steering device (110) of claim 9,
further comprising:
a haptic feedback device positioned within the hous-
ing (112), the haptic feedback device configured to
provide an alert to a user when a force on the intra-
vascular device (102) exceeds a threshold.

15. The intravascular steering device (110) of claim 14,
wherein the force on the intravascular device (102)
is measured by at least one of:

a sensor within the housing; or
a sensor within the intravascular device (102).

Patentansprüche

1. Intravaskuläre Lenkvorrichtung (110), umfassend:

ein Gehäuse (112), das eine Größe und Form
zum Ergreifen mit einer Hand eines Benutzers
aufweist, wobei das Gehäuse (112) einen pro-
ximalen Abschnitt und einen distalen Abschnitt
beinhaltet, wobei der distale Abschnitt eine Öff-
nung beinhaltet, die eine Größe und Form auf-
weist, um eine intravaskuläre Vorrichtung (102)
aufzunehmen;
eine Lenksteuerung (118), die mit dem Gehäuse
(112) gekoppelt ist;
einen Prozessor, der mit der Lenksteuerung
(118) in Kommunikation steht, wobei der Pro-
zessor konfiguriert ist, um Benutzersteuerein-
gaben von der Lenksteuerung (118) basierend
auf eine Codearchitektur in Stellsignale zu über-
setzen, wobei die Codearchitektur ein Script für
mindestens eine einer Return-Home-Funktion,
einer Return-to-Stored-Position-Funktion, einer
automatischen Kartierungsfunktion oder einer
Store-Current-Position-Funktion beinhaltet und
wobei das Script Anweisungen beinhaltet, um
die Benutzersteuereingaben in einem Zeitraum
vom Empfang einer Benutzersteuereingabe,
um die Return-Home-Funktion auszuführen,
und bis zum Abschluss der Return-Home-Funk-
tion bzw. in einem Zeitraum vom Empfang einer
Benutzersteuereingabe, um die Return-to-
Stored-Position-Funktion auszuführen, und bis
zum Abschluss der Return-to-Stored-Position-
Funktion bzw. in einem Zeitraum vom Empfang
einer Benutzersteuereingabe, um die automati-
sche Kartierungsfunktion auszuführen, und bis
zum Abschluss der automatischen Kartierungs-

funktion zu deaktivieren; und
ein Stellglied (130), das innerhalb des Gehäu-
ses (112) positioniert ist und so mit dem Prozes-
sor in Kommunikation steht, dass das Stellglied
(130) die Stellsignale von dem Prozessor emp-
fängt, wobei das Stellglied (130) konfiguriert ist,
um sich mit der intravaskulären Vorrichtung
(102) basierend auf den Stellsignalen zu verbin-
den, um die intravaskuläre Vorrichtung (102) zu
lenken.

2. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 1, wobei die Lenksteuerung (118) einen Joy-
stick beinhaltet.

3. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 1, wobei das Stellglied (130) Folgendes be-
inhaltet: einen ersten Mechanismus zum Steuern
von Bewegung in einer ersten Dimension; und
einen zweiten Mechanismus zum Steuern von Be-
wegung in einer zu der ersten Dimension senkrech-
ten zweiten Dimension; und
einen dritten Mechanismus zum Steuern von Rota-
tion der intravaskulären Vorrichtung (102) um eine
Längsachse der intravaskulären Vorrichtung (102),
wobei die Längsachse senkrecht zu der ersten und
zweiten Dimension ist.

4. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 1, wobei der Prozessor innerhalb des Ge-
häuses (112) positioniert ist.

5. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 1, wobei der Prozessor von dem Gehäuse
(112) entfernt positioniert ist.

6. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 1, weiter umfassend:
eine haptische Rückmeldevorrichtung, die innerhalb
des Gehäuses (112) positioniert ist, wobei die hap-
tische Rückmeldevorrichtung konfiguriert ist, um ei-
nen Benutzer zu warnen, wenn eine Kraft auf die
intravaskuläre Vorrichtung (102) einen Grenzwert
überschreitet.

7. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 6, wobei die Kraft auf die intravaskuläre Vor-
richtung (102) durch mindestens einen von Folgen-
den gemessen wird:

einen Sensor innerhalb des Gehäuses (112);
oder
einen Sensor innerhalb der intravaskulären Vor-
richtung (102).

8. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 1, weiter umfassend:
ein wiederaufladbares Netzteil, das innerhalb des
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Gehäuses (112) positioniert ist; und einen drahtlo-
sen Empfänger, der innerhalb des Gehäuses (112)
positioniert ist.

9. System nach Anspruch 1, wobei die intravaskuläre
Vorrichtung (102) einen proximalen Abschnitt (106)
und einen distalen Abschnitt (104) umfasst und wo-
bei mindestens eine Wahrnehmungskomponente
(108) mit dem distalen Abschnitt (104) gekoppelt ist.

10. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 9, wobei die mindestens eine Wahrneh-
mungskomponente (108) mindestens einen von ei-
nem Drucksensor, einem Durchflusssensor oder ei-
nem Bildgebungselement beinhaltet.

11. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 9, wobei die intravaskuläre Vorrichtung (102)
ein Katheter ist.

12. System nach Anspruch 9, wobei die intravaskuläre
Vorrichtung (102) ein Führungsdraht ist.

13. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 9, wobei das Stellglied (130) Folgendes be-
inhaltet:

einen ersten Mechanismus zum Steuern von
Bewegung in einer ersten Dimension;
einen zweiten Mechanismus zum Steuern von
Bewegung in einer zu der ersten Dimension
senkrechten zweiten Dimension; und
einen dritten Mechanismus zum Steuern von
Rotation der intravaskulären Vorrichtung (102)
um eine Längsachse der intravaskulären Vor-
richtung (102), wobei die Längsachse senkrecht
zu der ersten und zweiten Dimension ist.

14. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 9, weiter umfassend:
eine haptische Rückmeldevorrichtung, die innerhalb
des Gehäuses (112) positioniert ist, wobei die hap-
tische Rückmeldevorrichtung konfiguriert ist, um ei-
nen Benutzer zu warnen, wenn eine Kraft auf die
intravaskuläre Vorrichtung (102) einen Grenzwert
überschreitet.

15. Intravaskuläre Lenkvorrichtung (110) nach An-
spruch 14, wobei die Kraft auf die intravaskuläre Vor-
richtung (102) durch mindestens einen von Folgen-
den gemessen wird:

einen Sensor innerhalb des Gehäuses; oder
einen Sensor innerhalb der intravaskulären Vor-
richtung (102).

Revendications

1. Dispositif de guidage intravasculaire (110)
comprenant :

un logement (112) calibré et conformé pour être
saisi par une main d’un utilisateur, le logement
(112) incluant une partie proximale et une partie
distale, dans lequel la partie distale inclut une
ouverture calibrée et conformée pour recevoir
un dispositif intravasculaire (102) ;
un dispositif de commande de guidage (118)
couplé au logement (112) ;
un processeur en communication avec le dispo-
sitif de commande de guidage (118), le proces-
seur étant configuré pour traduire des entrées
de commande d’utilisateur venant du dispositif
de commande de guidage (118) en signaux
d’actionnement basés sur une architecture de
codage, dans lequel l’architecture de codage
comprend un script pour au moins l’une d’une
fonction de retour au point de départ, d’une fonc-
tion de retour à une position stockée, d’une fonc-
tion de mappage automatisée ou d’une fonction
de stockage de position courante et dans lequel
le script comprend des instructions pour désac-
tiver les entrées de commande d’utilisateur dans
une période à partir de la réception d’une entrée
de commande d’utilisateur pour exécuter la
fonction de retour au point de départ et jusqu’à
l’achèvement de la fonction de retour au point
de départ ou dans une période à partir de la
réception d’une entrée de commande d’utilisa-
teur pour exécuter la fonction de retour à une
position stockée et jusqu’à l’achèvement de la
fonction de retour à la position stockée ou dans
une période à partir de la réception d’une entrée
de commande d’utilisateur pour exécuter la
fonction de mappage automatisée et jusqu’à
l’achèvement de la fonction de mappage auto-
matisée, respectivement ; et
un actionneur (130) positionné dans le logement
(112) et en communication avec l’actionneur de
sorte que l’actionneur (130) reçoive les signaux
d’actionnement du processeur, l’actionneur
(130) étant configuré pour faire interface avec
le dispositif intravasculaire (102) sur la base des
signaux d’actionnement en sorte de guider le
dispositif intravasculaire (102).

2. Dispositif de guidage intravasculaire (110) selon la
revendication 1, dans lequel le dispositif de comman-
de de guidage (118) inclut un manche à balai.

3. Dispositif de guidage intravasculaire (110) selon la
revendication 1, dans lequel l’actionneur (130)
inclut : un premier mécanisme pour commander le
déplacement dans une première dimension ; et
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un deuxième mécanisme pour commander le dépla-
cement dans une seconde dimension perpendicu-
laire à la première dimension ; et
un troisième mécanisme pour commander la rotation
du dispositif intravasculaire (102) autour d’un axe
longitudinal du dispositif intravasculaire (102), l’axe
longitudinal étant perpendiculaire à la première et la
seconde dimension.

4. Dispositif de guidage intravasculaire (110) selon la
revendication 1, dans lequel le processeur est posi-
tionné dans le logement (112).

5. Dispositif de guidage intravasculaire (110) selon la
revendication 1, dans lequel le processeur est posi-
tionné à distance du logement (112).

6. Dispositif de guidage intravasculaire (110) selon la
revendication 1, comprenant en outre :
un dispositif de rétroaction haptique positionné dans
le logement (112), le dispositif de rétroaction hapti-
que étant configuré pour fournir une alerte à un uti-
lisateur lorsqu’une force sur le dispositif intravascu-
laire (102) dépasse un seuil.

7. Dispositif de guidage intravasculaire (110) selon la
revendication 6, dans lequel la force sur le dispositif
intravasculaire (102) est mesurée par au moins l’un
de :

un capteur dans le logement (112) ; ou
un capteur dans le dispositif intravasculaire
(102).

8. Dispositif de guidage intravasculaire (110) selon la
revendication 1, comprenant en outre : une alimen-
tation électrique rechargeable positionnée dans le
logement (112) ; et un émetteur récepteur sans fil
positionné dans le logement (112).

9. Système selon la revendication 1, dans lequel le dis-
positif intravasculaire (102) comprend une section
proximale (106) et une section distale (104) et dans
lequel au moins un composant de détection (108)
est couplé à la section distale (104).

10. Dispositif de guidage intravasculaire (110) selon la
revendication 9, dans lequel le au moins un compo-
sant de détection (108) inclut au moins l’un d’un cap-
teur de pression, d’un capteur de débit ou d’un élé-
ment d’imagerie.

11. Dispositif de guidage intravasculaire (110) selon la
revendication 9, dans lequel le dispositif intravascu-
laire (102) est un cathéter.

12. Système selon la revendication 9, dans lequel le dis-
positif intravasculaire (102) est un fil de guidage.

13. Dispositif de guidage intravasculaire (110) selon la
revendication 9, dans lequel l’actionneur (130)
inclut :

un premier mécanisme pour commander le dé-
placement dans une première dimension ; et
un deuxième mécanisme pour commander le
déplacement dans une seconde dimension per-
pendiculaire à la première dimension ; et
un troisième mécanisme pour commander la ro-
tation du dispositif intravasculaire (102) autour
d’un axe longitudinal du dispositif intravasculai-
re (102), l’axe longitudinal étant perpendiculaire
à la première et la seconde dimension.

14. Dispositif de guidage intravasculaire (110) selon la
revendication 9, comprenant en outre :
un dispositif de rétroaction haptique positionné dans
le logement (112), le dispositif de rétroaction hapti-
que étant configuré pour fournir une alerte à un uti-
lisateur lorsqu’une force sur le dispositif intravascu-
laire (102) dépasse un seuil.

15. Dispositif de guidage intravasculaire (110) selon la
revendication 14, dans lequel la force sur le dispositif
intravasculaire (102) est mesurée par au moins l’un
de :

un capteur dans le logement ; ou
un capteur dans le dispositif intravasculaire
(102).
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