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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to sur-
gical tools and more specifically to for minimally invasive
surgical tools with haptic feedback.

BACKGROUND

[0002] Minimally invasive surgery is performed without
making a major incision or opening, resulting in reduced
trauma for the patient and yielding significant cost sav-
ings. These result from shorter hospitalization times and
reduced therapy requirements. Other benefits of mini-
mally invasive surgery include less pain, less need for
post-surgical pain medication, less scarring, and less
likelihood of complications related to the incision.
[0003] Minimally invasive surgery is defined either as
based on the operative procedure (e.g., small incisions)
or the outcome (e.g., reduced surgical complications or
costs). However, minimally invasive surgery is not the
same as minor surgery. Some "minimally invasive" pro-
cedures, e.g., coronary artery bypass surgery, still are
major operations requiring a hospital stay.
[0004] US6171234 discloses a system for minimal in-
vasive insertion of a tool according to the preamble of
appended claim 1.
[0005] In minimally invasive surgery, a miniature cam-
era is typically introduced into the body through a small
incision. The camera transmits images to a video moni-
tor, enabling the physician to diagnose and, if necessary,
treat a variety of conditions. To do this, the physician
inserts surgical instruments and auxiliary devices (col-
lectively, "minimally invasive surgical tools"), such as ir-
rigation and drainage devices, through one or more ad-
ditional small incisions. Such surgical instruments can
be for laparoscopic surgery, catheterization or endosco-
py, as well as for enabling telesurgery and telepresence.
Compared to open surgery, however, minimally invasive
surgery presents limitations in visual and haptic percep-
tions, and creates challenges unique to this type of sur-
gery. One of the major concerns is the potential for tissue
damage, possibly caused by inappropriate use of force.

SUMMARY

[0006] The invention is defined in independent claim
1, preferred embodiments are described in the depend-
ent claims. Embodiments of the present invention provide
systems for minimally invasive surgical tools with haptic
feedback. For example, in one embodiment, a system
includes an insertion sheath configured to be partially
inserted within a patient’s body, the insertion sheath con-
figured to receive a surgical tool; a roller disposed at least
partially within the insertion sheath, the roller configured
to contact a surgical tool inserted within the insertion
sheath; and an actuator coupled to the roller, the actuator

configured to receive an actuator signal and to output a
haptic effect based on the actuator signal.
[0007] Further disclosed is a method, the method com-
prises A computer-implemented method, comprising re-
ceiving a sensor signal from a sensor coupled to a sur-
gical tool, the surgical tool configured to be at least par-
tially inserted within a patient’s body; generating an ac-
tuator signal based at least in part on the sensor signal,
the actuator signal configured to cause the actuator to
output a haptic effect; and transmitting the actuator signal
to an actuator coupled to the surgical tool. In another
embodiment, a computer-readable medium comprises
program code for causing a processor to execute such
a method.
[0008] These illustrative embodiments are mentioned
not to limit or define the invention, but rather to provide
examples to aid understanding thereof. Illustrative em-
bodiments are discussed in the Detailed Description,
which provides further description of the invention. Ad-
vantages offered by various embodiments of this inven-
tion may be further understood by examining this spec-
ification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incor-
porated into and constitute a part of this specification,
illustrate one or more examples of embodiments and,
together with the description of example embodiments,
serve to explain the principles and implementations of
the embodiments.

Figure 1 shows an illustrative system for minimally
invasive surgical tools with haptic feedback accord-
ing to one embodiment of the present invention;
Figures 2-3 show systems for minimally invasive sur-
gical tools with haptic feedback according to embod-
iments of the present invention;
Figures 4a-b show systems for minimally invasive
surgical tools with haptic feedback according to em-
bodiments of the present invention; and
Figure 5 shows a method for minimally invasive sur-
gical tools with haptic feedback according to one em-
bodiment of the present invention.

DETAILED DESCRIPTION

[0010] Example embodiments are described herein in
the context of systems and methods for minimally inva-
sive surgical tools with haptic feedback. Those of ordi-
nary skill in the art will realize that the following descrip-
tion is illustrative only and is not intended to be in any
way limiting. Other embodiments will readily suggest
themselves to such skilled persons having the benefit of
this disclosure. Reference will now be made in detail to
implementations of example embodiments as illustrated
in the accompanying drawings. The same reference in-
dicators will be used throughout the drawings and the
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following description to refer to the same or like items.
[0011] In the interest of clarity, not all of the routine
features of the implementations described herein are
shown and described. It will, of course, be appreciated
that in the development of any such actual implementa-
tion, numerous implementation-specific decisions must
be made in order to achieve the developer’s specific
goals, such as compliance with application- and busi-
ness-related constraints, and that these specific goals
will vary from one implementation to another and from
one developer to another. Further, in the disclosed em-
bodiments below, the term "or" may be used to describe
different features of particular embodiments. Use of the
term "or" is intended to be interpreted both as inclusive
and exclusive, thus combinations may include any or all
of the identified features as described herein.

Illustrative System for Minimally Invasive Surgical 
Tools with Haptic Feedback

[0012] In one illustrative system for minimally invasive
surgical tools with haptic feedback, the system is config-
ured to assist a surgeon during minimally invasive sur-
gery (MIS) on a live patient. For example, a surgeon may
perform a MIS to perform cardio electrophysiology to
measure changes in electric potentials (i.e. voltages) on
the inside surface of a patient’s heart, such as following
a heart attack, to detect any abnormalities or to ablate
heart tissue to address arrhythmias.
[0013] Referring now to Figure 1, Figure 1 shows an
illustrative embodiment of a system 10 for minimally in-
vasive surgical tools with haptic feedback according to
one embodiment of the present invention. The system
10 in Figure 1 comprises an insertion sheath 20, a sur-
gical tool 30 (a guide wire, in this case) with a handle 32,
a computer 50 with a processor 52, memory 54 and a
display 56, and a heart rate monitor 60.
[0014] To perform the illustrative MIS procedure, the
surgeon makes an incision in the patient’s leg 12 and
inserts an insertion sheath 20, in this case a catheter,
into the patient’s femoral artery to provide an insertion
path for a surgical tool. The surgeon then inserts the cath-
eter 20 through the patient’s vascular system until it
reaches the patient’s heart. The surgeon may then insert
a surgical tool 30, such as a guide wire equipped with a
voltage sensor 36 or sensors on the distal end of the
guide wire 30 through the catheter 20 to the patient’s
heart to measure voltages at various points on or within
the heart’s walls. Such a guide wire 30 typically has a
proximal end that is connected to a handle 32 to allow
the surgeon to maneuver the guide wire 30 to reach var-
ious points on interest on the heart’s wall. To maneuver
the guide wire 30, the surgeon manipulates one or more
manipulanda 34, e.g. knobs or levers, on the guide wire’s
handle 32 to move the distal tip of the guide wire 30 in
any of a number of directions. In such an embodiment,
the surgeon may then maneuver the guide wire’s distal
tip to contact the heart’s wall to take voltage measure-

ments with the sensor(s) 36.
[0015] In the illustrative embodiment shown in Figure
1, the insertion tube 30 has been equipped with an ac-
tuator 40 to assist the surgeon in performing the MIS
procedure. An inductive actuator 40 configured in a ring
or cylindrical shape has been coupled to the proximal
end of the insertion tube 20 such that the guide wire 30
passes through the actuator 40 into the insertion tube
30. The inductive actuator 40 can be actuated by trans-
mitting an electrical current through the coils of the actu-
ator 40 to generate electromagnetic forces on the guide
wire 30 to provide kinesthetic haptic effects to assist or
resist translational movement of the guide wire 30 within
the insertion tube. An advantage of using an inductive
actuator may be that, because there is no physical cou-
pling between the actuator and the guide wire as there
might be when using a roller, a surgeon manipulating the
guide wire may receive more accurate tactile sensations
because there is no friction and inertia to overcome as
may be the case were rollers or other frictional contact
employed. However, other types of actuators may be em-
ployed as will be discussed in more detail below.
[0016] In addition, the handle 32 of the guide wire 30
includes a plurality of actuators 42, 44. One of the actu-
ators 42 is a vibrotactile actuator and is used to output
vibrational effects to the guide wire handle 32 based on
the voltages sensed by the sensor(s) 36 on the distal end
of the guide wire. For example, the frequency of a vibra-
tion effect may be proportional to the magnitude of the
voltage sensed by the sensor(s) 36, thus providing the
surgeon with additional information regarding the status
of the procedure. The vibrational information in this case
is in addition to a display showing graphical information
about the various sensor readings.
[0017] The second actuator 44 disposed within the
handle 32 is configured to provide haptic effects to the
manipulandum 34 on the handle. For example, the sec-
ond actuator 44 may output haptic effects based on a
contact force between the distal tip of the guide wire and
the wall of the heart, or based on an angle of attack of
the distal tip of the guide wire and the wall of the heart.
In the embodiment shown, the second actuator 44 out-
puts a kinesthetic force to resist movement of the manip-
ulandum 34 based on a sensed force on the tip of the
distal end of the guide wire (force sensor not shown).
[0018] The computer 50, which comprises a processor
52 and a memory 54, receives sensor signals from the
surgical tool 30 and, in some instances, the insertion
sheath 20, and generates actuator signals to cause hap-
tic effects to be output by the various actuators 40, 42,
44 on the guide wire 30, the guide wire handle 32 or
manipulandum 34. In addition, the computer 50 receives
information from other external devices, such as the heart
monitor 60, which it may use as well to generate haptic
effects. Examples of other external sensors include heart
rate monitors, blood pressure monitors, oxygen sensors,
blood gas sensors, etc.
[0019] For example, in this illustrative embodiment,
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heart rate monitor 60 is connected to the patient and pro-
vides heart rate information to the computer 50. The com-
puter 50 can generate haptic effects to indicate if the
patient’s heart rate falls outside of acceptable limits. Be-
cause the surgeon may be focused on the particular volt-
age readings and manipulating the guide wire, this addi-
tional information may not be immediately apparent to
the surgeon. For example, if the patient’s heart begins
beating too rapidly, the computer 50 can generate an
actuator signal to cause a haptic effect to indicate a po-
tentially dangerous condition and bring the abnormal
heart rate to the surgeon’s attention.
[0020] In addition, the computer 50 can output display
signals to cause the display 56 to display relevant infor-
mation to the surgeon, such as visual indications of
sensed voltages, images from a camera inserted into the
catheter, heart rate, etc. Thus, the system 10 can provide
an immersive, integrated experience that allows the sur-
geon to focus on the MIS procedure, while receiving a
variety of inputs that provide immediate tactile responses
to the surgeon to allow her to better perform the proce-
dure and monitor conditions that might otherwise divert
her attention.
[0021] Referring now to Figure 2a, Figure 2a shows a
system 100 for minimally invasive surgical tools accord-
ing to one embodiment of the present invention. System
100 comprises an insertion sheath 110, a first surgical
tool 120, and a second surgical tool 130. Insertion sheath
110 comprises a plurality of rollers 112a,b and a plurality
of actuators 140a,b, each coupled to one of the plurality
of rollers 112a,b. Insertion sheath 110 is configured to
be partially inserted into the patient’s body 102 and to
receive a surgical tool, such as surgical tool 120. In the
embodiment shown, the insertion sheath 110 comprises
a trocar.
[0022] In the embodiment shown, rollers 112a,b are
configured to contact surgical tool 120 and are configured
to output haptic forces created by the actuation of actu-
ators 140a,b, respectively. In one embodiment, each of
actuators 140a,b is an active actuator and is configured
to cause its respective roller 112a,b to rotate. By rotating
the respective rollers, actuators 140a,b can output kines-
thetic forces configured to assist or resist translational
movement of surgical tool 120 within the insertion sheath
110. For example, in the embodiment shown, actuators
140a,b comprise DC motors but could also include pas-
sive actuators (i.e. magnetic brakes), cams or other fric-
tion producing or modulating means. In some embodi-
ments, however, actuators 140a,b comprise passive ac-
tuators configured to brake their respective roller 112a,b
to resist translational movement of the surgical tool 120
within the insertion sheath 110. In some embodiments,
one or both rollers 112a,b are coupled to sensors, such
as rotational encoders, that are configured to detect a
rotation of the roller 112a,b. In one such embodiment,
the sensors are configured to transmit a sensor signal to
a processor to indicate a movement or position of the
roller based on a corresponding movement of the surgical

tool 120.
[0023] In some embodiments, the trocar 110 is config-
ured to be sterilized between MIS procedures, though in
some embodiments, trocar 110 is configured to be dis-
carded. Because rollers 112a,b are configured to contact
surgical tool 120, they are either configured to be dis-
carded or sterilized between MIS procedures. In some
embodiments, rollers 112a,b and actuators 140a,b may
be disposed within a subassembly that is configured to
be releasably coupled to the insertion sheath 110 such
that the insertion sheath 110 and the roller/actuator su-
bassembly can be decoupled following a MIS procedure
and each can be individually sterilized or discarded.
[0024] In addition to actuators 140a,b, insertion sheath
110 also comprises vibrotactile actuator 140c, which is
configured to apply vibrotactile haptic effects to the sur-
gical tool 120 or the insertion sheath 110. In the embod-
iment shown, actuator 140c comprises a piezoelectric
actuator, though in other embodiments, other types of
actuators may be employed, such as eccentric rotating
masses, linear resonant actuators, voice coils, or other
suitable actuators. In addition, a plurality of vibrotactile
actuators may be incorporated into the sheath, or, in
some embodiments, no vibrotactile actuators may be em-
ployed.
[0025] In the embodiment shown, surgical tool 120
comprises a catheter and thus may be both a surgical
tool and an insertion sheath. Surgical tool 120 is config-
ured to be inserted into insertion sheath 110 and to be
inserted into a patient’s body 102. In the embodiment
shown, surgical tool 120 comprises at least one sensor
152 coupled to the distal end of the surgical tool. The
sensor 152 comprises a force sensor and is configured
to sense a contact force between the distal end of the
surgical tool 120 and an obstacle, such as a stenosis or
an internal organ. The sensor 152 is configured to gen-
erate a sensor signal indicating a magnitude of the
sensed force and to transmit the sensor signal to a proc-
essor (not shown), which may use the sensor signal to
actuate one or more actuators 140a,b coupled to the in-
sertion sheath. For example, the actuators may generate
a force to resist further insertion of the surgical tool, such
as to amplify a sensed force on a distal tip of the surgical
tool 120. In some embodiments, the processor may gen-
erate a signal to cause the actuators 140a,b to completely
resist or prevent further insertion of the surgical tool 120,
or to reverse the motion of the surgical tool to withdraw
the surgical tool 120. One such embodiment may be ad-
vantageous as it may prevent a surgeon from inadvert-
ently puncturing an internal organ or a blood vessel within
a patient.
[0026] In some embodiments, other types of sensors
152 may be affixed to the distal tip of the surgical tool
120, such as voltage sensors, temperature sensors, fluid
flow sensors, or viscosity sensors. In some embodi-
ments, one or more sensors may be affixed to other por-
tions of the surgical tool 120 or inserted into the surgical
tool 120. For example, a sensor (or sensors) may be
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inserted into surgical tool 120, such as a fiber optic sen-
sor, fluoroscope, or video camera to provide sensor sig-
nals to a processor. In some embodiments, one or more
sensors may be arrayed within the surgical tool 120, such
as to sense a position of a further surgical tool 130 in-
serted within surgical tool 120 or the amount of bend
within a surgical tool. For example, in some MIS proce-
dures, a surgeon may navigate through a tortuous portion
of the vascular system, such as in a patient’s brain, and
may need an indication of much the surgical tool is bend-
ing during performance of the procedure. If too much
bending is sensed, a processor may generate a haptic
effect based on the sensed amount of bend and output
a haptic effect to the surgical tool or handle. In some
embodiments, a system 100 may comprise non-colocat-
ed sensors configured to detect a distance between the
sensors, a change in resistance or voltage between the
sensors, or other differences is status between the two
sensors to generate a sensor signal. In one such an em-
bodiment, the distal end of a surgical tool 120, 130 may
comprise a first sensor and the insertion sheath 110,120
may comprise a second sensor. A processor may detect
a difference in sensor readings between the two sensors
and generate an actuator signal based on the difference.
In one embodiment, the sensors may be configured to
detect a distance between the sensors and generate one
or more sensor signals and transmit the sensor signals
to a processor.
[0027] Surgical tool 120 may also comprise an actuator
142 coupled to the surgical tool 120. In the embodiment
shown, the actuator 142 is releasably coupled to the sur-
gical tool 120, though in some embodiments the actuator
142 may be permanently coupled to, or integrally dis-
posed within, the surgical tool. In this embodiment, ac-
tuator 142 comprises an inductive actuator and is con-
figured to provide haptic effects to surgical tools, such
as surgical tool 130, that have been inserted within sur-
gical tool 120. As discussed above, surgical tool 120 com-
prises a catheter and thus is configured to allow one or
more surgical tools to be inserted within surgical tool 120.
For example, in the embodiment shown in Figure 2a,
surgical tool 130 comprises a guide wire and is configured
to be inserted within catheter 120. In such an embodi-
ment, actuator 142 is configured to generate electromag-
netic forces to resist or assist translational movement of
the guide wire 130 within the catheter. In other embodi-
ments, surgical tool 130 may comprise other suitable sur-
gical tools, such as a deflectable catheter or an electro-
physiology probe. As discussed above, inductive actua-
tors may provide advantages in such MIS procedures
because they do not require a surgeon to overcome fric-
tion or inertia of a roller or other physical coupling to move
guide wire 130 within surgical tool 120. However, in some
embodiments, other types of actuators may be used,
such as one or more rollers.
[0028] For example, Figure 2b shows a system for min-
imally invasive surgical tools with haptic feedback in
which surgical tool 120 is coupled to an actuator 143

which comprises a plurality of rollers 145a,b at least par-
tially disposed within actuator 143. Each roller 145a,b is
in communication with an actuator 146a,b, which are con-
figured to impart forces on surgical tool 130 by rotating
rollers 145a,b or resisting rotation of roller 145a,b, there-
by assisting or resisting translational movement of sur-
gical tool 130 within surgical tool 120. As discussed
above with respect to insertion sheath 110, actuators
145a,b may comprise active or passive actuators, or in
some embodiments, may comprise one of each or a plu-
rality of different types of actuators. Actuator 143 may be
desirable in embodiments in which surgical tool 130 may
be adversely affected by the use of an inductive actuator
142 or surgical tool 130 is not susceptible to forces gen-
erated by an inductive actuator 142. Further, as dis-
cussed above, actuators 142, 143 may be used to assist
with the insertion of a surgical tool 130 within surgical
tool 120 or to resist movement or prevent movement if
surgical tool 130 may puncture a patient’s organ or blood
vessel.
[0029] Referring now to Figure 2c, Figure 2c shows a
system for minimally invasive surgical tools with haptic
feedback according to one embodiment of the present
invention. The embodiment shown in Figure 2c is similar
to those shown in Figures 2a and 2b, however, the in-
sertion sheath 110 comprises actuators 140a-c but does
not include the rollers 112a,b. Instead, actuators 140a-c
are configured to output haptic effects to the insertion
sheath 110 or to the surgical tool 120. For example, in
one embodiment, one or more of actuators 140a-c com-
prise vibrotactile actuators, such as eccentric rotating
masses. In one embodiment, one or more of actuators
140a-c comprise resistive actuators configured to resist
movement of the surgical tool 120. For example, in one
embodiment, actuators 140a,b each comprise a braking
surface configured to be moved into contact with the sur-
gical tool 120 to apply a resistive force on the surgical
tool. In one embodiment, one or more of actuators 140a-
c may comprise an inductive actuator configured to exert
a force on the surgical tool. In a further embodiment, one
or more of actuators 140a-c may be configured to alter
the surface friction of the surgical tool to create a resist-
ance to movement of the surgical tool within its insertion
sheath or delivery catheter. Thus, while some embodi-
ments shown and discussed herein employ one or more
rollers to apply forces to surgical tool 120, other embod-
iments may be configured to only vibrotactile forces on
the insertion sheath 110 or to apply forces to the surgical
tool 120 using other mechanisms.
[0030] Referring again to Figure 2a, in the embodiment
shown, surgical tool 130 is configured to be inserted with-
in surgical tool 120 and comprises at least one sensor
150 coupled to the surgical tool’s 130 distal tip. The prox-
imal end of surgical tool 130 is coupled to a handle 132,
which is configured to allow a surgeon or other user to
insert or retract the surgical tool 130 within surgical tool
120. In addition, handle 132 comprises one or more ma-
nipulanda 134 to manipulate the distal tip of the surgical
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tool 130. For example, manipulandum 134 may be used
to bend the distal tip of the surgical tool 130 away from
the longitudinal axis of the surgical tool 130, thereby
"steering" the surgical tool in a particular direction. In ad-
dition, handle 132 comprises a plurality of actuators con-
figured to output haptic effects to a user of the handle 132.
[0031] In the embodiment shown, handle 132 is releas-
ably coupled to surgical tool 130. As previously dis-
cussed, MIS surgical tools typically must be sterilized or
discarded after being used in an MIS procedure. Thus,
in one embodiment handle 132 is configured to be de-
coupled from surgical tool 132 and discarded after use
in an MIS procedure. In another embodiment, handle 132
is configured to be sterilized following an MIS procedure.
Further, in some embodiments, handle 132 is perma-
nently coupled to surgical tool 130 and thus may be dis-
carded with surgical tool 130 or sterilized with surgical
tool 130.
[0032] Actuator 146 comprises a vibrotactile actuator
configured to output a vibrational or vibrotactile effect to
the handle 132. For example, in the embodiment shown,
actuator 146 comprises an eccentric rotating mass
(ERM) coupled to a rotary motor. In some embodiments,
other types of actuators may be employed, such as pie-
zoelectric actuators, voice coils, or linear resonant actu-
ators (LRAs). In some embodiments, a plurality of vibro-
tactile actuators may be disposed within the handle 132,
while in other embodiments, no vibrotactile actuators
may be used.
[0033] The vibrotactile actuator 146 may be employed
to provide information associated with the MIS procedure
to a surgeon or user of the handle 132. For example, in
the illustrative embodiment discussed previously, the dis-
tal tip of a surgical tool 130 may be coupled to a voltage
sensor 150 which provides sensor signals to a processor
indicating sensed voltages on a patient’s heart. The proc-
essor may then generate actuator signals to cause the
vibrotactile actuator 146 to output a vibration to the han-
dle 132 based at least in part on the sensed voltage. In
one embodiment, the distal tip of the surgical tool 130
may also, or instead, be fitted with a force sensor 150
which provides a sensor signal comprising force infor-
mation to the processor, which generates actuator sig-
nals to generate vibrational haptic effects proportional in
magnitude to the force sensed by the sensor 150. Such
an embodiment may provide additional information to a
surgeon beyond the information provided by other actu-
ators in the system 100, such as actuator 142 or 143.
[0034] While actuators 142, 143 may resist movement
of the surgical tool, vibrational effects provided by actu-
ators 146 may provide an indication of the magnitude of
the force applied by the tool on an obstacle that may be
useful in combination with resistances generated by oth-
er actuators 142, 143. Still further information may be
output by actuator 146. For example, external sensors
may transmit sensor signals to a processor, which may
generate actuator signals to actuator 146 to cause it to
output a vibrational effect to the handle 132 to apprise a

surgeon of another condition that is not related to forces
or sensor readings from the surgical tool. For example,
external sensors may include heart monitors, blood pres-
sure monitors, blood oxygen monitors, or other sensors
monitoring a patient’s status.
[0035] In addition to, or instead of, vibrotactile actuator
146, handle 132 may comprise actuator 144, which is
configured to output kinesthetic forces to manipulandum
134. In the embodiment shown, the actuator is configured
to output a force to resist or assist the movement of ma-
nipulandum 134. For example, a processor in communi-
cation with the surgical tool 130 may detect that further
movement of the distal tip of surgical tool 130 is applying
too much pressure to a patient’s blood vessel or internal
organ and a generate an actuator signal to cause the
actuator 144 to resist movement of the manipulandum
134. In one embodiment, surgical tool 130 may comprise
a sensor 150 that detects an angle of attack of the distal
tip of the surgical tool as it approaches or contacts an
obstruction within a patient. For example, if an angle of
attack of the distal tip is too shallow, a second sensor
coupled to the tip of the surgical tool 130 may be unable
to accurately sense a condition within a patient, or, in a
procedure where a puncture must be made (e.g. a trans-
septal puncture), if the angle of attack is too shallow, the
tool may puncture the organ and exit the organ in the
wrong location. In such an embodiment, the actuator 144
may output a force to prevent further movement of the
manipulandum 134. In addition, actuator 142, 143 may
output a force to prevent further insertion of the surgical
tool 130. In some embodiments, actuator 144 may be
configured to output a vibrational effect, such as to indi-
cate that the angle of attack is too shallow or that a dan-
gerous amount of pressure is being exerted by the distal
tip of the surgical tool 130, rather than a resistive force.
[0036] Referring now to Figure 3, Figure 3 shows a
system 200 for minimally invasive surgical tools with hap-
tic feedback according to one embodiment of the present
invention. The system 200 shown in Figure 3 comprises
the embodiment shown in Figure 2a coupled to a power
supply 210 and trigger 212 for a therapeutic surgical tool
130a. In the embodiment shown in Figure 3, surgical tool
130a comprises an ablation tool 150a coupled to the dis-
tal tip of the surgical tool 130a in addition to sensor(s)
150. The ablation tool 150a is configured to receive power
signals from the power supply 210 and to ablate tissue
contacted by the ablation tool 150.
[0037] Power supply 210 comprises a trigger 212 and
an actuator 240 and is configured to supply power sig-
nals, such as electric current or electric voltage, to the
surgical tool 130a and ablation tool 150a The trigger 212
is used by an operator, such as a surgeon, to apply power
to the ablation tool 150a and may comprise a pressure
sensitive switch, a slider control, a knob, an on/off switch,
or other trigger mechanism. In one embodiment, as more
pressure is applied to the trigger 212, more power may
be transmitted to the ablation tool 150a. Actuator 240 is
configured to output a force to the trigger 212 to provide
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feedback to the operator to indicate whether too much
power is applied or whether too much tissue may have
been ablated. For example, in one embodiment, actuator
240 comprises an electromagnetic actuator configured
to output a force to resist depression of the trigger 212.
As tissue is ablated, a processor (not shown) may deter-
mine the quantity of tissue ablated based on a sensor or
calculations made using pre-defined characteristics of a
patient. The processor may then generate actuator sig-
nals and transmit the actuator signals to cause the elec-
tromagnetic actuator to resist depression of the trigger
212 and may cause the trigger to be opened to reduce
or halt the flow of power to the ablation tool 150a. Further,
a second actuator (not shown) may be in communication
with the trigger 212 to output a vibrotactile effect to the
trigger 212 to indicate a warning to the operator in addi-
tion to the resistance generated by the first actuator 240.
Such an indication may be advantageous as it may pro-
vide confirmation to the surgeon of an error condition
rather than just a sticky power trigger. In a further em-
bodiment, actuator 146 may be actuated to output a vi-
brational effect as tissue is ablated. In still a further em-
bodiment, actuator 144 may be actuator to resist further
movement of the distal tip of the surgical tool 130a to-
wards additional tissue within the patient, thus providing
multiple channels of haptic input to the operator: resist-
ance to the trigger 212, vibrational effects on the trigger
212, vibrational effects on the handle 132 and resistance
to movement of the distal tip of the surgical tool 130a.
Such varied haptic effects may provide more meaningful
feedback to a surgeon and help prevent inadvertent injury
to a patient.
[0038] Referring now to Figure 4a, Figure 4a shows a
system 300 for minimally invasive surgical tools with hap-
tic feedback according to embodiments of the present
invention. In the embodiment shown in Figure 4a, the
system 300 comprises the system 200 shown in Figure
3 in communication with a computer 350 comprising a
processor 352 and a memory 354. The system 300 fur-
ther comprises an external sensor 360 in communication
with the computer 350. Computer 350 is configured to
receive sensor signals from the various sensors 150, 152
located within system 200 and to generate actuator sig-
nals to be transmitted to one or more of the actuators
(e.g. 140a-c, 142, 144, 146, 240) in the system 200. In
addition, computer 350 is configured to generate and
transmit display signals to display 356 to provide infor-
mation to a surgeon or other operator of the system 300.
[0039] Note that while the embodiment shown in Figure
4a comprises the system 200 shown in Figure 3, other
systems according to some embodiments of the present
invention may be coupled to the computer 350, such as
those shown in any of Figures 1-3. Figure 4b shows one
such alternate embodiment in which a system 400 com-
prises a system having components arranged as shown
in Figure 1, as well as a power supply 210 with a manip-
ulandum 212 and an actuator 240 as shown in Figure 3.
[0040] Processor 352 is configured to execute pro-

gram code stored in a computer-readable medium to re-
ceive sensor information and to generate haptic effects
associated with the MIS procedure being performed. Em-
bodiments of various types of processors and computer-
readable media are disclosed below. Reference is made
now to the method 500 shown in Figure 5, which, in one
embodiment, is implemented by programming code
stored in memory 354 and executed by the processor
352 shown in Figures 4a-b.
[0041] In the embodiment shown in Figure 5, the meth-
od 500 begins at block 510 where the processor 352
receives a sensor signal from a sensor, such as sensor
150. In the embodiment shown, sensor 150 comprises a
sensor configured to detect an angle of attack of the distal
tip of surgical tool 130a when it contacts an obstacle. The
sensor signal comprises information associated with the
sensed angle of attack. In one embodiment, the proces-
sor 352 may receive a plurality of sensor signals from
one or more sensors. For example, surgical tool 130a
may comprise a plurality of sensors, such as an angle of
attack sensor and a force sensor such that the processor
352 receives a sensor signal from each of the sensors,
or receives multiple sensor signals from one or more of
the sensors.
[0042] Other sensors within the system 200 may also
transmit sensor signals to the processor. For example,
sensor 152 on the distal end of the catheter may transmit
a sensor signal that is received by the processor. In ad-
dition, as discussed previously, rollers 112a,b may be
coupled to, or may comprise, rotational encoders that
sense a rotation or position of the rollers 112a,b and
transmit a sensor signal to the processor indicating the
position or movement of the rollers 112a,b. Processor
352 then receives such sensor signals. Additionally, as
shown in Figure 4a, computer 350 is configured to receive
signals from external sensor 360, which comprises a
heart rate monitor in the embodiment shown. After re-
ceiving a sensor signal, the method 500 proceeds to
block 520.
[0043] At block 520, the processor 352 determines a
status condition associated with the received sensor sig-
nal. For example, if the processor 352 receives a sensor
signal from a force sensor, the processor 352 may de-
termine a force associated with the sensor signal and
compare the force with a threshold. For example, the
processor 352 may determine that a force exceeds a first
pre-determined threshold and thus a minor danger exists
of puncturing tissue within the patient. Or the processor
352 may determine that the force exceeds a higher
threshold and thus a serious or critical danger exists of
puncturing tissue within the patient. In one embodiment
for performing an ablation procedure, it may be desirable
to maintain a relatively constant pressure between the
ablation tool 150a and a patient’s tissue. In such an em-
bodiment, the processor 352 may apply an assistive force
to increase a force between the ablation tool 150a and
the tissue if the sensed pressure falls below a lower
threshold or apply a resistive force, or withdraw the sur-
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gical tool 130a, if the pressure exceeds an upper thresh-
old of sensed force.
[0044] In another embodiment, the processor 352 may
receive a sensor signal indicating a voltage on the surface
of an internal organ. The processor may then compare
the voltage to one or more voltage thresholds. Alterna-
tively, the processor 352 may simply store the voltage
for later use. Still other types of sensors may result in
different types of sensor signals to be received by the
processor 352, such as fluid flows, viscosities, pressures,
or temperatures associated with conditions present with-
in the patient. Other sensors, such as positional sensors
or other sensors located within the insertion sheath or
surgical tool (e.g. a catheter) may also transmit sensor
signals that are received by the processor 352.
[0045] For example, in one embodiment, catheter 120
may comprise a sensor 152 that is configured to detect
when a surgical tool 130a has reached the distal end of
the catheter 120. In such an embodiment, the processor
352 may receive a sensor signal from the sensor 152
when the surgical tool 130a reaches the sensor 152 and
the processor 352 determines that the surgical tool 130a
has been fully inserted into the catheter. Alternatively,
the processor 352 may receive a sensor signal from the
sensor 150 indicating that the surgical tool 130a has not
reached the distal end of the catheter. In such an em-
bodiment, the processor 352 may be controlling an ac-
tuator, such as actuator 143, to automatically insert the
surgical tool 130a into the catheter 120. Thus, the proc-
essor 352 determines that the surgical tool has not yet
reached the distal end of the catheter. After determining
a status condition associated with the sensor signal, the
method proceeds to block 530.
[0046] At block 530, the processor 352 generates an
actuator signal based at least in part on the sensor signal
or the status condition. For example, as discussed above,
the processor 352 determined a status condition associ-
ated with a sensed force between the surgical tool 130a
and an obstacle. In such an embodiment, the processor
352 generates an actuator signal configured to increase
a resistance to movement of the surgical tool such that
the rolling resistance of the rollers 112a,b may be varied
to provide an amplification of the actual force being ap-
plied by surgical tool 130 to allow increased precision.
For example, the processor 352 may generate an actu-
ator signal to be transmitted to actuator 142 or 143 to
generate a force opposing further movement of the sur-
gical tool 130a into surgical tool 120. In a related embod-
iment, if the processor 352 has determined that a dan-
gerous amount of pressure is being applied, the proces-
sor 352 may generate an actuator signal configured to
prevent further movement of the surgical tool 130a into
surgical tool 120 or to reverse movement of the surgical
tool 130a and to withdraw the surgical tool 130a until the
sensed force falls below a threshold. Such an embodi-
ment may be advantageous as it may prevent inadvertent
injury to a patient.
[0047] In a related embodiment, the processor 352

may receive a sensor signal indicating a status associ-
ated with manipulandum 134 or power supply 210. For
example, in one embodiment, the surgical tool may com-
prise a manipulandum configured to control the surgical
tool. In such an embodiment, the surgical tool 130 or
other part of the system 200 may comprise sensors that
provide sensor signals associated with the manipulation
of the surgical tool, such as force sensors, angle of attack
sensors, etc. Processor 352 may receive such sensor
signals and generate actuator signals configured to
cause an actuator, such as actuator 144, to apply a haptic
effect to the manipulandum, such as to assist or resist
movement of the manipulandum or to provide a vibrotac-
tile effect to the manipulandum 134.
[0048] For example, as discussed above, during an
ablation process, once the distal tip of the surgical tool
130a is in place, the actuated rollers 112a,b could be
used to generate an actuator signal to ensure a required
force on the tissue is maintained. The actuator signal can
be configured to force the distal tip of the surgical tool
130 into contact with the tissue within a pre-determined
range such as by either applying pressure in addition to
pressure applied by the surgeon or by resisting further
pressure or retracting to surgical tool 130a. A similar con-
trol method could also be utilized in a trans-septal punc-
ture. Once the surgical tool 130 is in place to perform the
puncture, the actuated rollers 112a,b could be used to
perform a very controlled puncture using a controlled lev-
el of pressure to cause the puncture.
[0049] In one embodiment, the processor 352 may
generate an actuator signal based on a non-tactile
sensed condition. For example, a sensor may be config-
ured to sense conditions that are not forces, such as volt-
ages, etc. In such an embodiment, the processor 352
may generate a haptic effect based on such a sensed
condition. In one embodiment, a surgeon performs a MIS
procedure to measure voltages occurring on a patient’s
heart. In such an embodiment, the processor 352 may
generate an actuator signal based at least in part on a
magnitude of a sensed voltage, a fluctuation of a sensed
voltage, or whether the voltage is above or below a
threshold. In one such embodiment, the processor may
generate an actuator signal to cause an actuator to output
a vibrotactile effect. For example, the processor 352 may
generate an actuator signal to cause actuator 146 to out-
put a vibrotactile effect based at least in part on a sensed
voltage such that the frequency or magnitude of the vi-
brational effect is proportional to the magnitude of the
voltage. Thus, for a relatively high voltage, the processor
352 may generate an actuator signal having a relatively
high frequency. Conversely, for a relatively low voltage,
the processor 352 may generate an actuator signal hav-
ing a relatively low frequency.
[0050] In a further embodiment, processor 352 may
generate an actuator signal based on sensor information
or a status condition determined from an external sensor
360. For example, the processor 352 may receive a
measured heart rate or blood pressure from the external
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sensor 360 and determine that the heart rate has fallen
below a threshold. In one embodiment, the processor
352 generates an actuator signal configured to cause an
actuator 146 to output a vibrotactile effect to the handle
132 of the surgical tool 130, wherein the vibrotactile effect
is configured to indicate a warning condition associated
with the external sensor. For example, the actuator signal
may be configured to cause an actuator, e.g. actuator
146, output a series of pulsed vibrations to simulate a
heartbeat to indicate a warning condition associated with
the patient’s heart rate or blood pressure. In such an em-
bodiment, the magnitude of the vibrations may be pro-
portional to the amount the sensed condition exceeds
the threshold. After generating an actuator signal, the
method 500 proceeds to block 540
[0051] In block 540, the processor 352 transmits the
generated actuator signal to an actuator. For example,
if the processor 352 has generated an actuator signal to
cause a vibrotactile effect to the handle 132 of the surgical
tool, the processor 352 transmits the actuator signal to
actuator 146. In some embodiments the processor 352
may transmit the actuator signal to a plurality of actuators,
or may modify an actuator signal before transmitting the
actuator signal. For example, in one embodiment, the
processor 352 generates an actuator signal configured
to cause actuators 140a,b to rotate rollers 112a,b to resist
further insertion of the surgical tool 120 into the insertion
sheath 110. However, because the rollers are located on
opposite sides of the surgical tool 120, they must rotate
in opposite directions to generate the resistive force.
Thus, the processor 352 may generate one actuator sig-
nal suitable to resist movement of the surgical tool 120
and transmit the actuator signal to actuator 140a but in-
vert the actuator signal before transmit it to actuator 140b.
[0052] In a further embodiment, a surgeon may be per-
forming an ablation procedure. During the procedure, the
processor 352 may determine that too much tissue is
being ablated and may generate an actuator signal to
both resist movement of the trigger 212 on the power
supply 210 as well as resist movement of the manipu-
landum 134 that controls movement of the surgical tool
130a performing the ablation. Such effects may provide
an indication that further power should not be applied
and that the distal tip of the tool should not be further
moved towards the tissue being ablated. The processor
352 may generate one actuator signal suitable for both
actuators and perform post-processing before transmit-
ting the actuator signal, such as changing a magnitude,
to each of the actuators 144, 240. After transmitting the
actuator signal to the actuator, the method 500 returns
to step 510 to receive another sensor signal or to step
520 to determine another status condition associated
with the MIS procedure.
[0053] The method 500 shown in Figure 5 is illustrative
of one method according to some disclosed embodi-
ments of the present invention and is not intended to limit
the scope of the disclosure. Further, while the steps of
the method 500 have been set forth in a particular order,

there is no requirement that the steps be performed in
such an order or that all of the steps shown in Figure 5
be performed. For example, block 530 may be performed
independently of whether a sensor signal is received,
such as for actuator signals indicating a passage of time
or other independent event. Further, a status condition
need not be determined prior to generating an actuator
signal or even at all.
[0054] While the methods and systems herein are de-
scribed in terms of software executing on various ma-
chines, the methods and systems may also be imple-
mented as specifically-configured hardware, such a field-
programmable gate array (FPGA) specifically to execute
the various methods. For example, referring again to Fig-
ures 1 and 2, embodiments can be implemented in digital
electronic circuitry, or in computer hardware, firmware,
software, or in combination of them. In one embodiment,
a computer may comprise a processor or processors.
The processor comprises a computer-readable medium,
such as a random access memory (RAM) coupled to the
processor. The processor executes computer-executa-
ble program instructions stored in memory, such as ex-
ecuting one or more computer programs for editing an
image. Such processors may comprise a microproces-
sor, a digital signal processor (DSP), an application-spe-
cific integrated circuit (ASIC), field programmable gate
arrays (FPGAs), and state machines. Such processors
may further comprise programmable electronic devices
such as PLCs, programmable interrupt controllers
(PICs), programmable logic devices (PLDs), program-
mable read-only memories (PROMs), electronically pro-
grammable read-only memories (EPROMs or EEP-
ROMs), or other similar devices.
[0055] Such processors may comprise, or may be in
communication with, media, for example computer-read-
able media, that may store instructions that, when exe-
cuted by the processor, can cause the processor to per-
form the steps described herein as carried out, or assist-
ed, by a processor. Embodiments of computer-readable
media may comprise, but are not limited to, an electronic,
optical, magnetic, or other storage device capable of pro-
viding a processor, such as the processor in a web server,
with computer-readable instructions. Other examples of
media comprise, but are not limited to, a floppy disk, CD-
ROM, magnetic disk, memory chip, ROM, RAM, ASIC,
configured processor, all optical media, all magnetic tape
or other magnetic media, or any other medium from which
a computer processor can read. The processor, and the
processing, described may be in one or more structures,
and may be dispersed through one or more structures.
The processor may comprise code for carrying out one
or more of the methods (or parts of methods) described
herein.
[0056] The foregoing description of some embodi-
ments of the invention has been presented only for the
purpose of illustration and description and is not intended
to be exhaustive or to limit the invention to the precise
forms disclosed. Numerous modifications and adapta-
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tions thereof will be apparent to those skilled in the art
without departing from the scope of the invention.
[0057] Reference herein to "one embodiment" or "an
embodiment" means that a particular feature, structure,
operation, or other characteristic described in connection
with the embodiment may be included in at least one
implementation of the invention. The invention is not re-
stricted to the particular embodiments described as such.
The appearance of the phrase "in one embodiment" or
"in an embodiment" in various places in the specification
does not necessarily refer to the same embodiment. Any
particular feature, structure, operation, or other charac-
teristic described in this specification in relation to "one
embodiment" may be combined with other features,
structures, operations, or other characteristics described
in respect of any other embodiment.

Claims

1. A system, comprising:

an insertion sheath (110) configured to be par-
tially inserted within a patient’s body, (110) con-
figured to receive a surgical tool (120, 130);
a subassembly releasably coupled to the inser-
tion sheath (110) and configured to receive a
surgical tool (120, 130), the subassembly com-
prising:

an actuator (140a-b); and
a roller (112a-b) coupled to the actuator
(140a-b), wherein the roller (112a-b) is con-
figured to output a haptic effect to the sur-
gical tool (120,130) or the insertion sheath
(110);
characterized in that it further comprises:

a sensor, the sensor configured to be
coupled to a patient to sense a status
of the patient;
a vibrotactile actuator (140c) config-
ured to output a vibrotactile effect to the
surgical tool (120, 130) or the insertion
sheath (110); and
a host processor (52) in communication
with the vibrotactile actuator (140c) and
the sensor, the host processor (52)
configured to receive the sensor signal,
generate a vibrotactile actuator signal
based on the sensor signal, and trans-
mit the vibrotactile actuator signal to the
vibrotactile actuator (140c).

2. The system of claim 1, wherein the roller (112a-b) is
configured to contact the surgical tool (120, 130) in-
serted within the insertion sheath (110); and
wherein the actuator (140a-c) is configured to re-

ceive an actuator signal and to output a haptic effect
based on the actuator signal.

3. The system of claim 2, wherein the vibrotactile ac-
tuator (140c) is configured to receive the vibrotactile
actuator signal and to output a vibrotactile effect
based on the vibrotactile actuator signal.

4. The system of claim 1, further comprising:

a sensor (152) configured to generate a sensor
signal indicating a movement of the surgical tool
(120, 130).

5. The system of claim 4, wherein the host processor
(52) is in communication with the actuator (140a-b)
and the sensor (152), the host processor (52) con-
figured to:

receive the sensor signal;
generate the actuator signal based on the sen-
sor signal; and
transmit the actuator signal to the actuator
(140a-b).

6. The system of claim 1, further comprising:

the surgical tool (120, 130), comprising:

a sensor (152) disposed at the distal end of
the surgical tool (120, 130), the sensor (152)
configured to generate a sensor signal;
a host processor (52) in communication with
the actuator (140a-c) and the sensor (152),
the host processor (52) configured to:

receive the sensor signal;
generate the actuator signal based on
the sensor signal; and
transmit the actuator signal to the actu-
ator (140a-c).

7. The system of claim 6, wherein the sensor (152) is
configured to detect a force, an angle of attack, or a
degree of bending of the surgical tool (120, 130).

8. The system of claim 7, wherein the sensor signal
comprises a sensed force associated with a contact
force between the surgical tool (120, 130) and an
obstacle, and wherein the actuator (140a-b) is con-
figured to output a force configured to maintain a
contact force between a first threshold and a second
threshold.

9. The system of claim 6, wherein the sensor (152) is
configured to detect one of a voltage, a temperature,
a fluid flow, or a viscosity.
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10. The system of claim 9, wherein the vibrotactile ac-
tuator (140c) is configured to receive the vibrotactile
actuator signal and to output the vibrotactile effect
based on the vibrotactile actuator signal, and
wherein the processor (52) is further configured to:

generate the vibrotactile actuator signal based
on the sensor signal, and
transmit the vibrotactile actuator signal to the
vibrotactile actuator (140c).

11. The system of claim 1, wherein the surgical tool (120,
130) comprises:

a guide wire having a handle (132) configured
to be manipulated by a surgeon;
a second actuator (146) coupled to the handle
(132), the second actuator (146) configured to
output a haptic effect to the handle (132).

12. The system of claim 11, wherein the handle (132)
comprises a trigger (134)and a third actuator (144),
the third actuator (144) configured to output a haptic
effect to the trigger (134).

13. The system of claim 11, wherein the handle (132)
and the second actuator (146) are configured to be
removed from the guide wire and discarded following
a surgical procedure.

14. The system of claim 1, wherein the surgical tool (120,
130) comprises:

a therapeutic surgical tool (130a); and
a power supply (210) coupled to the therapeutic
surgical tool (130a), the power supply (210) con-
figured to control an intensity of a therapeutic
effect provided by the therapeutic surgical tool
(130a), the power supply (210) comprising:

a trigger (212), and
a second actuator (240) coupled to the trig-
ger (212), the second actuator (240) config-
ured to receive a second actuator signal and
to output a trigger haptic effect to the trigger
(212) based on the second actuator signal.

15. The system of claim 14, wherein the trigger haptic
effect comprises a vibration.

16. The system of claim 14, wherein the trigger haptic
effect comprises a kinesthetic force configured to re-
sist movement of the trigger (212).

17. The system of claim 1, wherein the sensor comprises
a blood pressure monitor or a heart rate monitor.

18. The system of claim 1, wherein the actuator (140a-

b) comprises a passive actuator configured to apply
a resistive force on the surgical tool (120, 130).

Patentansprüche

1. System, Folgendes umfassend:

eine Einführungshülse (110), konfiguriert, um
teilweise in einen Patientenkörper eingeführt zu
werden, wobei (110) konfiguriert ist, ein chirur-
gisches Instrument (120, 130) aufzunehmen;
eine Unteranordnung, lösbar gekoppelt mit der
Einführungshülse (110) und konfiguriert, ein chi-
rurgisches Instrument (120, 130) aufzunehmen,
wobei die Unteranordnung Folgendes umfasst:

ein Betätigungselement (140a-b); und
eine Rolle (112a-b), gekoppelt mit dem Be-
tätigungselement (140a-b), wobei die Rolle
(112a-b) konfiguriert ist, einen haptischen
Effekt an das chirurgische Instrument
(120,130) oder an die Einführungshülse
(110) auszugeben;
dadurch gekennzeichnet, dass sie ferner
Folgendes umfasst:

einen Sensor, wobei der Sensor konfi-
guriert ist, an einen Patienten ange-
schlossen zu werden, um einen Status
des Patienten zu erfassen;
ein vibrotaktiles Betätigungselement
(140c), konfiguriert, um einen vibrotak-
tilen Effekt an das chirurgische Instru-
ment (120, 130) oder an die Einfüh-
rungshülse (110) auszugeben; und
einen Hostprozessor (52) in Kommuni-
kation mit dem vibrotaktilen Betäti-
gungselement (140c) und mit dem Sen-
sor, wobei der Hostprozessor (52) kon-
figuriert ist, das Sensorsignal zu emp-
fangen, ein vibrotaktiles Betätigungssi-
gnal auf Grundlage des Sensorsignals
zu erzeugen, und das vibrotaktile Be-
tätigungssignal an das vibrotaktile Be-
tätigungselement (140c) auszugeben.

2. System nach Anspruch 1, wobei die Rolle (112a-b)
konfiguriert ist, das chirurgische Instrument (120,
130), das in die Einführungshülse (110) eingeführt
ist; zu berühren, und
wobei das Betätigungselement (140a-c) konfiguriert
ist, ein Betätigungssignal zu empfangen und einen
auf dem Betätigungssignal basierenden haptischen
Effekt auszugeben.

3. System nach Anspruch 2, wobei das vibrotaktile Be-
tätigungselement (140c) konfiguriert ist, das vibro-
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taktile Betätigungssignal zu empfangen und einen
auf dem vibrotaktilen Betätigungssignal basieren-
den vibrotaktilen Betätigungseffekt auszugeben.

4. System nach Anspruch 1, ferner umfassend:

einen Sensor (152), konfiguriert, ein Sensorsi-
gnal zu erzeugen, das eine Bewegung des chi-
rurgischen Instruments (120, 130) angibt.

5. System nach Anspruch 4, wobei der Hostprozessor
(52) in Kommunikation mit dem Betätigungselement
(140a-b) und dem Sensor (152) steht, wobei der
Hostprozessor (52) konfiguriert ist, um:

das Sensorsignal zu empfangen;
ein Betätigungssignal auf Grundlage des Sen-
sorsignals zu erzeugen; und
das Betätigungssignal an das Betätigungsele-
ment (140a-b) auszugeben.

6. System nach Anspruch 1, ferner umfassend:

das chirurgische Instrument (120, 130), Folgen-
des umfassend:

einen Sensor (152), angeordnet am dista-
len Ende des chirurgischen Instruments
(120, 130), wobei der Sensor (152) konfi-
guriert ist, ein Sensorsignal zu erzeugen;
einen Hostprozessor (52) in Kommunikati-
on mit dem Betätigungselement (140a-c)
und dem Sensor (152), wobei der Hostpro-
zessor (52) konfiguriert ist, um:

das Sensorsignal zu empfangen;
ein Betätigungssignal auf Grundlage
des Sensorsignals zu erzeugen; und
das Betätigungssignal an das Betäti-
gungselement (140a-b) zu übertragen.

7. System nach Anspruch 6, wobei der Sensor (152)
konfiguriert ist, eine Kraft, einen Anstellwinkel oder
einen Biegewinkel des chirurgischen Instruments
(120, 130) zu erfassen.

8. System nach Anspruch 7, wobei das Sensorsignal
eine erfasste Kraft umfasst, die mit einer Berüh-
rungskraft zwischen dem chirurgischen Instrument
(120, 130) und einem Widerstand verbunden ist, und
wobei das Betätigungselement (140a-b) konfiguriert
ist, eine Kraft auszugeben, die konfiguriert ist, eine
Berührungskraft zwischen einem ersten Schwellen-
wert und einem zweiten Schwellenwert beizubehal-
ten.

9. System nach Anspruch 6, wobei der Sensor (152)
konfiguriert ist, eine Spannung, eine Temperatur, ei-

nen Fluidstrom oder eine Viskosität zu erfassen.

10. System nach Anspruch 9, wobei das vibrotaktile Be-
tätigungselement (140c) konfiguriert ist, ein vibro-
taktiles Betätigungssignal zu erhalten und den vib-
rotaktilen Effekt auf der Grundlage des vibrotaktilen
Betätigungssignals auszugeben, und
wobei der Prozessor (52) ferner konfiguriert ist, um:

das vibrotaktile Betätigungssignal auf Grundla-
ge des Sensorsignals zu erzeugen, und
das vibrotaktile Betätigungssignal an das vibro-
taktile Betätigungselement (140c) auszugeben.

11. System nach Anspruch 1, wobei das chirurgische
Instrument (120, 130) Folgendes umfasst:

einen Führungsdraht mit einem Griff (132), kon-
figuriert, um von einem Chirurgen manipuliert
zu werden;
ein zweites Betätigungselement (146), gekop-
pelt mit dem Griff (132), wobei das zweite Betä-
tigungselement (146) konfiguriert ist, einen hap-
tischen Effekt an den Griff (132) auszugeben.

12. System nach Anspruch 11, wobei der Griff (132) ei-
nen Auslöser (134) und ein drittes Betätigungsele-
ment (144) umfasst, wobei das dritte Betätigungse-
lement (144) konfiguriert ist, einen haptischen Effekt
an den Auslöser (134) auszugeben.

13. System nach Anspruch 11, wobei der Griff (132) und
das zweite Betätigungselement (146) konfiguriert
sind, nach einem chirurgischen Eingriff vom Füh-
rungsdraht entfernt und entsorgt zu werden.

14. System nach Anspruch 1, wobei das chirurgische
Instrument (120, 130) Folgendes umfasst:

ein therapeutisches chirurgisches Instrument
(130a); und
eine Spannungsversorgung (210), gekoppelt
mit dem therapeutischen chirurgischen Instru-
ment (130a), wobei die Spannungsversorgung
(210) konfiguriert ist, um eine Intensität eines
vom therapeutischen chirurgischen Instrument
(130a) bereitgestellten therapeutischen Effekts
zu steuern, wobei die Spannungsversorgung
(210) Folgendes umfasst:

einen Auslöser (212), und
ein zweites Betätigungselement (240), ge-
koppelt mit dem Auslöser (212), wobei das
zweite Betätigungselement (240) konfigu-
riert ist, ein zweites Betätigungssignal zu
empfangen und auf Grundlage des zweiten
Betätigungssignals einen haptischen Aus-
lösereffekt an den Auslöser (212) auszuge-
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ben.

15. System nach Anspruch 14, wobei der haptische Aus-
lösereffekt eine Vibration umfasst.

16. System nach Anspruch 14, wobei der haptische Aus-
lösereffekt eine kinästhetische Kraft umfasst, die
konfiguriert ist, einer Bewegung des Auslösers (212)
entgegenzuwirken.

17. System nach Anspruch 1, wobei der Sensor ein Blut-
druckmessgerät oder ein Herzfrequenzmessgerät
umfasst.

18. System nach Anspruch 1, wobei das Betätigungse-
lement (140a-b) ein passives Betätigungselement
umfasst, das konfiguriert ist, eine Widerstandskraft
gegen das chirurgische Instrument (120, 130) auf-
zubringen.

Revendications

1. Système comprenant :

une gaine d’insertion (110) configurée pour être
insérée partiellement au sein du corps d’un pa-
tient (110) configurée pour recevoir un outil chi-
rurgical (120, 130) ;
un sous-ensemble couplé de façon libérable à
la gaine d’insertion (110) et configuré pour re-
cevoir un outil chirurgical (120, 130), le sous-
ensemble comprenant :

un actionneur (140a à b) ; et
un rouleau (112a à b) couplé à l’actionneur
(140a à b), le rouleau (112a à b) étant con-
figuré pour produire un effet haptique sur
l’outil chirurgical (120, 130) ou la gaine d’in-
sertion (110) ;
caractérisé en ce qu’il comprend en outre :

un capteur, le capteur étant configuré
pour être couplé à un patient pour dé-
celer un statut du patient ;
un actionneur vibrotactile (140c) confi-
guré pour produire un effet vibrotactile
sur l’outil chirurgical (120, 130) ou la
gaine d’insertion (110) ; et
un processeur hôte (52) en communi-
cation avec l’actionneur vibrotactile
(140c) et le capteur, le processeur hôte
(52) étant configuré pour recevoir le si-
gnal de capteur, générer un signal d’ac-
tionneur vibrotactile en se basant sur le
signal de capteur, et transmettre le si-
gnal d’actionneur vibrotactile à l’action-
neur vibrotactile (140c).

2. Système selon la revendication 1, dans lequel le rou-
leau (112a à b) est configuré pour venir en contact
avec l’outil chirurgical (120, 130) inséré au sein de
la gaine d’insertion (110) ; et
dans lequel l’actionneur (140a à c) est configuré pour
recevoir un signal d’actionneur et pour produire un
effet haptique en se basant sur le signal d’action-
neur.

3. Système selon la revendication 2, dans lequel l’ac-
tionneur vibrotactile (140c) est configuré pour rece-
voir le signal d’actionneur vibrotactile et pour produi-
re un effet vibrotactile en se basant sur le signal d’ac-
tionneur vibrotactile.

4. Système selon la revendication 1, comprenant en
outre :

un capteur (152) configuré pour générer un si-
gnal de capteur indiquant un mouvement de
l’outil chirurgical (120, 130).

5. Système selon la revendication 4, dans lequel le pro-
cesseur hôte (52) est en communication avec l’ac-
tionneur (140a à b) et le capteur (152), le processeur
hôte (52) étant configuré pour :

recevoir le signal de capteur ;
générer le signal d’actionneur en se basant sur
le signal de capteur ; et
transmettre le signal d’actionneur à l’actionneur
(140a à b).

6. Système selon la revendication 1, comprenant en
outre :

l’outil chirurgical (120, 130), comprenant :

un capteur (152) disposé à l’extrémité dis-
tale de l’outil chirurgical (120, 130), le cap-
teur (152) étant configuré pour générer un
signal de capteur ;
un processeur hôte (52) en communication
avec l’actionneur (140a à c) et le capteur
(152), le processeur hôte (52) étant confi-
guré pour :

recevoir le signal de capteur ;
générer le signal d’actionneur en se ba-
sant sur le signal de capteur ; et
transmettre le signal d’actionneur à
l’actionneur (140a à b).

7. Système selon la revendication 6, dans lequel le cap-
teur (152) est configuré pour détecter une force, un
angle d’attaque, ou un degré de flexion de l’outil chi-
rurgical (120, 130).
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8. Système selon la revendication 7, dans lequel le si-
gnal de capteur comprend une force décelée asso-
ciée à une force de contact entre l’outil chirurgical
(120, 130) et un obstacle, et dans lequel l’actionneur
(140a à b) est configuré pour produire une force con-
figurée pour maintenir une force de contact entre un
premier seuil et un second seuil.

9. Système selon la revendication 6, dans lequel le cap-
teur (152) est configuré pour détecter l’un d’une ten-
sion, d’une température, d’un écoulement de fluide
ou d’une viscosité.

10. Système selon la revendication 9, dans lequel l’ac-
tionneur vibrotactile (140c) est configuré pour rece-
voir le signal d’actionneur vibrotactile et pour produi-
re l’effet vibrotactile en se basant sur le signal d’ac-
tionneur vibrotactile, et
dans lequel le processeur (52) est en outre configuré
pour :

générer le signal d’actionneur vibrotactile en se
basant sur le signal de capteur, et
transmettre le signal d’actionneur vibrotactile à
l’actionneur vibrotactile (140c).

11. Système selon la revendication 1, dans lequel l’outil
chirurgical (120, 130) comprend :

un fil-guide ayant une poignée (132) configurée
pour être manipulée par un chirurgien ;
un deuxième actionneur (146) couplé à la poi-
gnée (132), le deuxième actionneur (146) étant
configuré pour produire un effet haptique sur la
poignée (132).

12. Système selon la revendication 11, dans lequel la
poignée (132) comprend une gâchette (134) et un
troisième actionneur (144), le troisième actionneur
(144) étant configuré pour produire un effet haptique
sur la gâchette (134).

13. Système selon la revendication 11, dans lequel la
poignée (132) et le deuxième actionneur (146) sont
configurés pour être enlevés du fil-guide et mis au
rebut après une procédure chirurgicale.

14. Système selon la revendication 1, dans lequel l’outil
chirurgical (120, 130) comprend :

un outil chirurgical thérapeutique (130a) ; et
une alimentation électrique (210) couplée à
l’outil chirurgical thérapeutique (130a), l’alimen-
tation électrique (210) étant configurée pour ré-
guler une intensité d’un effet thérapeutique as-
suré par l’outil chirurgical thérapeutique (130a),
l’alimentation électrique (210) comprenant :

une gâchette (212), et
un second actionneur (240) couplé à la gâ-
chette (212), le second actionneur (240)
étant configuré pour recevoir un second si-
gnal d’actionneur et pour produire un effet
haptique de gâchette sur la gâchette (212)
en se basant sur le second signal d’action-
neur.

15. Système selon la revendication 14, dans lequel l’ef-
fet haptique de gâchette comprend une vibration.

16. Système selon la revendication 14, dans lequel l’ef-
fet haptique de gâchette comprend une force kines-
thésique configurée pour résister au mouvement de
la gâchette (212).

17. Système selon la revendication 1, dans lequel le cap-
teur comprend un dispositif de surveillance de la ten-
sion artérielle ou un dispositif de surveillance de la
fréquence cardiaque.

18. Système selon la revendication 1, dans lequel l’ac-
tionneur (140a à b) comprend un actionneur passif
configuré pour appliquer une force de résistance sur
l’outil chirurgical (120, 130).
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