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A robotic catheter control system includes a proximity sens 
ing function con?gured to generate a proximity signal that is 
indicative of the proximity of the medical device such as an 
electrode catheter to a nearest anatomic structure such as a 
cardiac Wall. The control system includes logic that monitors 
the proximity signal during guided movement of the catheter 
to ensure that unintended contact With body tissue is detected 
and avoided. The logic includes a means for de?ning a plu 
rality of proximity Zones, such as a GREEN, YELLOW and 
RED designated Zones, each having associated thereWith a 
respective proximity (distance) criterion, With the RED Zone 
being the nearest to the body tissue and the YELLOW Zone 
being the next nearest to the body tissue. When the logic 
detects entry of the catheter into the RED Zone, the logic 
terminates the operating poWer to the actuation units of the 
control system, to thereby stop movement of the catheter 
entirely. When the logic detects entry of the catheter into the 
YELLOW Zone, the logic automatically reduces a pre 
planned navigation speed of the catheter. 
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PROXIMITY SENSOR INTERFACE IN A 
ROBOTIC CATHETER SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] a. Field of the Invention 
[0002] The present disclosure relates generally to a robotic 
control and guidance system (RCGS) for a medical device, 
and more particularly to a proximity/ contact sensor interface 
in an RCGS. 
[0003] b. BackgroundArt 
[0004] Electrophysiology (EP) catheters are used in a vari 
ety of diagnostic and/or therapeutic medical procedures to 
correct conditions such as atrial arrhythmia, including for 
example, ectopic atrial tachycardia, atrial ?brillation, and 
atrial ?utter. Arrhythmia can create a variety of dangerous 
conditions including irregular heart rates, loss of synchronous 
atrioventricular contractions and stasis of blood ?oW Which 
can lead to a variety of ailments. 
[0005] In a typical EP procedure, a physician manipulates a 
catheter through a patient’s vasculature to, for example, a 
patient’s heart. The catheter typically carries one or more 
electrodes that may be used for mapping, ablation, diagnosis, 
and the like. Once at the target tissue site, the physician 
commences diagnostic and/or therapeutic procedures, for 
example, ablative procedures such as radio frequency (RF), 
microWave, cryogenic, laser, chemical, acoustic/ultrasound 
or high-intensity focused ultrasound (HIFU) ablation, to 
name a feW different sources of ablation energy. The resulting 
lesion, if properly located and suf?ciently contiguous With 
other lesions, disrupts undesirable electrical pathWays and 
thereby limits or prevents stray electrical signals that can lead 
to arrhythmias. Such procedures require precise control of the 
catheter during navigation to and delivery of therapy to the 
target tissue site, Which can invariably be a function of a user’s 
skill level. 
[0006] Robotic catheter systems are knoWn to facilitate 
such precise control. Robotic catheter systems generally 
carry out (as a mechanical surrogate) input commands of a 
clinician or other end-user to deploy, navigate and manipulate 
a catheter and/ or an introducer or sheath for a catheter or other 

elongate medical instrument, for example, a robotic catheter 
system described, depicted, and/or claimed in US. applica 
tion Ser. No. 12/347,811 entitled “ROBOTIC CATHETER 
SYSTEM,” oWned by the common assignee of the present 
disclosure and hereby incorporated by reference in its 
entirety. Such robotic catheter systems include a variety of 
actuation mechanisms, such as electric motors, for control 
ling translation and de?ection of the catheter and associated 
sheath. Such systems typically employ control algorithms for 
controlling the motion of the catheter based at least in part 
upon end-user input(s). While the location of the catheter, 
vis-a-vis target tissue site(s), can be monitored by a physician 
With a manually guided catheter, introducing a mechanically 
guided catheter system places a premium on patient safety. 
Despite these advancements, conventional systems still rely 
on the physician to determine What actions, if any, to take 
When the catheter is too close to the heart tissue. 
[0007] There is therefore a need for improved systems and 
methods that enhance clinician control While reducing poten 
tial risk(s) in performing robotically-driven cardiac catheter 
procedures and thereby minimiZes or eliminates one or more 
problems related thereto. 

BRIEF SUMMARY OF THE INVENTION 

[0008] One advantage of the methods and apparatus 
described, depicted and claimed herein relates to the reliable 
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detection of the proximity and active control of the medical 
device in relation to body tissue to avoid unintended device 
to-tissue contact in a graduated manner. 

[0009] The disclosure is directed to an apparatus for use in 
a robotic control system of the type suitable for manipulating 
a medical device in a body of a patient. The apparatus 
includes an electronic control unit (ECU) and a memory 
coupled to the ECU. Control logic is stored in the memory 
and is con?gured to be executed by the ECU. The control 
logic is con?gured to produce an actuation control signal to 
control actuation of a manipulator assembly portion of the 
robotic control system. The actuation control signal is pro 
duced so as to result in the navigation of the medical device in, 
and With respect to, a plurality of proximity Zones in the body 
of the patient. The control logic is further con?gured to gen 
erate the actuation control signal, and thus control the navi 
gation of the medical device, based on a so-called proximity 
signal. The proximity signal is indicative of a relative, dis 
tance betWeen the medical device and body tissue. The effect 
the proximity signal has on the navigation of the medical 
device depends on certain navigation-altering attributes asso 
ciated With each pre-de?ned proximity Zone, and Whether the 
medical device is in a particular Zone based on the proximity 
signal. 
[0010] In an embodiment, the control logic is arranged to 
control the navigation (i.e., via the robotic control system) of 
the medical device based on a pre-planned movement, Which 
can have a pre-planned path and a pre-planned deployment or 
retraction speed or velocity (e.g., an automated catheter 
motion). The control logic is con?gured to make modi?ca 
tions to the pre-planned movement based on the proximity 
signal. The modi?cations can include one of (i) a reduced 
speed relative to the pre-planned speed and (ii) a stoppage of 
the device before completion of the pre-planned path. For 
example, When the device unexpectedly approaches an ana 
tomical structure, the proximity signal indicates that the 
device Will soon be or is currently “too close” to the approach 
ing structure (i.e., a so-called RED proximity Zone). Under 
this circumstance, the control logic terminates the operating 
poWer to the actuation units (e.g., electric motors) in the 
robotic control system, thereby stopping movement of the 
device. This response action prevents unintended device-to 
tissue contact, Which can have undesirable consequences 
(e.g., insult to cardiac Wall tissue or a coronary vein or the 
like). As a further example, When the device unexpectedly 
approaches an anatomical structure, like in the ?rst example, 
but is someWhat further aWay, the proximity signal Will so 
indicate this relationship (i.e., a so-calledYELLOW proxim 
ity Zone). The control logic Will reduce the navigation speed 
relative to the pre-planned (i.e., normal or default) speed. This 
reduction in speed is an appropriate response action to avoid 
contact. When the medical device is in a still further proxim 
ity Zone, a so-called GREEN proximity Zone, Which is farther 
still from any body tissue than the YELLOW proximity Zone, 
no modi?cations to the pre-planned movement of the medical 
device are Warranted. The apparatus also provides a user 
interface to alloW a user to specify many of the parameters 
that de?ne the characteristics of each proximity Zone as Well 
as the resulting response action When a medical device enters 
such proximity Zone. 

[0011] The foregoing and other aspects, features, details, 
utilities, and advantages of the present disclosure Will be 
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apparent from reading the following description and claims, 
and from reviewing the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is an isometric diagrammatic view of a 
robotic catheter system, illustrating an exemplary layout of 
various system components. 
[0013] FIG. 2 is a side view of a manipulator assembly 
shown in FIG. 1, coupled to a robotic support structure, show 
ing side views of catheter and sheath manipulation mecha 
nisms. 
[0014] FIGS. 3a-3b are isometric views of a manipulator 
assembly shown in FIG. 2, showing the catheter and sheath 
manipulation mechanism in greater detail. 
[0015] FIGS. 4a-4c are isometric views showing a sheath 
manipulation base of FIGS. 311-319 in greater detail. 
[0016] FIGS. Sa-Sb are isometric views showing a sheath 
cartridge of FIGS. 311-319 in greater detail. 
[0017] FIG. 6 is a diagrammatic view of the sheath manipu 
lation mechanism of FIG. 2. 
[0018] FIG. 7 is an exemplary system for determining a 
proximity/contact signal. 
[0019] FIG. 8 is a schematic diagram illustrating how com 
plex impedance is determined, which in turn can be used to 
compute an electrical coupling index (ECI) as a proximity 
signal. 
[0020] FIG. 9 is an electrode-to-tissue distance versus ECI 
diagram. 
[0021] FIG. 10 is a block diagram ofan apparatus for use in 
an RCGS for detecting proximity/contact and automatically 
taking predetermined appropriate action. 
[0022] FIG. 11 is a block diagram showing, in greater 
detail, user interface logic and control logic used in the appa 
ratus of FIG. 10. 
[0023] FIG. 12 is a diagrammatic view ofthe user interface 
of FIG. 11 for obtaining proximity Zone parameters. 
[0024] FIG. 13 is a diagrammatic view of plural proximity 
Zones. 

[0025] FIG. 14 is a ?owchart showing a method of moni 
toring for and detecting proximity Zone violations. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] Before proceeding to a detailed description of the 
proximity/contact sensor interface for a robotic catheter sys 
tem, a brief overview (for context) of an exemplary robotic 
control and guidance system (RCGS) for manipulating a 
medical device will ?rst be described. The description of the 
RCGS will detail how several electric motors can be used to 
control the translation, distal bending and virtual rotation of a 
catheter and surrounding sheath. After the description of the 
RCGS, the present speci?cation will then provide a brief 
description of proximity/ contact sensing technology that can 
be used in certain embodiments. Then, the present speci?ca 
tion will describe the proximity/contact sensor interface for 
use in an RCGS. 

[0027] Now referring to the drawings wherein like refer 
ence numerals are used to identify identical components in 
the various views, FIG. 1 is a diagrammatic view of an exem 
plary RCGS 10, in which several aspects of a system and 
method for automatic detection and prevention of motor run 
away can be used. 

[0028] Exemplary RCGS System Description. RCGS 10 
can be likened to power steering for a catheter system. The 
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RCGS 1 0 can be used, for example, to manipulate the location 
and orientation of catheters and sheaths in a heart chamber or 
in another body cavity or lumen. The RCGS 10 thus provides 
the user with a similar type of control provided by a conven 
tional manually-operated system, but allows for repeatable, 
precise, and dynamic movements. For example, a user such as 
an electrophysiologist can identify locations (potentially 
forming a path) on a rendered computer model of the cardiac 
anatomy. The system can be con?gured to relate those digi 
tally selected points to positions within a patient’s actual/ 
physical anatomy, and can thereafter command and control 
the movement of the catheter to the de?ned positions. Once at 
the speci?ed target position, either the user or the system can 
perform the desired diagnostic or therapeutic function. The 
RCGS 10 enables full robotic navigation/ guidance and con 
trol. 

[0029] As shown in FIG. 1, the RCGS 10 can generally 
include one or more monitors or displays 12, a visualiZation, 
mapping and navigation (including localiZation) system 14, a 
human input device and control system (referred to as “input 
control system”) 100, an electronic control system 200, a 
manipulator assembly 300 for operating a device cartridge 
400, and a manipulator support structure 500 for positioning 
the manipulator assembly 300 in proximity to a patient or a 
patient’s bed. 
[0030] Displays 12 are con?gured to visually present to a 
user information regarding patient anatomy, medical device 
location or the like, originating from a variety of different 
sources. Displays 12 can include (1) an ENSITE VELOC 
ITYTM monitor 16 (coupled to system 14idescribed more 
fully below) for displaying cardiac chamber geometries or 
models, displaying activation timing and voltage data to iden 
tify arrhythmias, and for facilitating guidance of catheter 
movement; (2) a ?uoroscopy monitor 18 for displaying a 
real-time x-ray image or for assisting a physician with cath 
eter movement; (3) an intra-cardiac echo (ICE) display 20 to 
provide further imaging; and (4) an EP recording system 
display 22. 
[0031] The system 14 is con?gured to provide many 
advanced features, such as visualiZation, mapping, naviga 
tion support and positioning (i.e., determine a position and 
orientation (P&O) of a sensor-equipped medical device, for 
example, a P&O of a distal tip portion of a catheter). Such 
functionality can be provided as part of a larger visualiZation, 
mapping and navigation system, for example, an ENSITE 
VELOCITY system running a version of NavXTM software 
commercially available from St. Jude Medical, Inc., of St. 
Paul, Minn. and as also seen generally by reference to US. 
Pat. No. 7,263,397 entitled “METHOD AND APPARATUS 
FOR CATHETER NAVIGATION AND LOCATION AND 
MAPPING IN THE HEART” to Hauck et al., owned by the 
common assignee of the present disclosure, and hereby incor 
porated by reference in its entirety. System 14 can comprise 
conventional apparatus known generally in the art, for 
example, the ENSITE VELOCITY system described above 
or other known technologies for locating/navigating a cath 
eter in space (and for visualiZation), including for example, 
the CARTO visualiZation and location system of Biosense 
Webster, Inc., (e.g., as exempli?ed by US. Pat. No. 6,690,963 
entitled “System for Determining the Location and Orienta 
tion of an Invasive Medical Instrument” hereby incorporated 
by reference in its entirety), the AURORA® system of North 
em Digital Inc., a magnetic ?eld based localiZation system 
such as the gMPS system based on technology from MediGu 
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ide Ltd. of Haifa, Israel and noW owned by St. Jude Medical, 
Inc. (e.g., as exempli?ed by US. Pat. Nos. 7,386,339, 7,197, 
354 and 6,233,476, all of Which are hereby incorporated by 
reference in their entireties) or a hybrid magnetic ?eld-im 
pedance based system, such as the CARTO 3 visualiZation 
and location system of Biosense Webster, Inc. (e.g., as exem 
pli?ed by US. Pat. Nos. 7,536,218, and 7,848,789 both of 
Which are hereby incorporated by reference in its entirety). 
Some of the localiZation, navigation and/or visualiZation sys 
tems can involve providing a sensor for producing signals 
indicative of catheter location and/or orientation information, 
and can include, for example one or more electrodes in the 
case of an impedance-based localiZation system such as the 
ENSITE VELOCITY system running NavX softWare, Which 
electrodes can already exist in some instances, or alterna 
tively, one or more coils (i.e., Wire Windings) con?gured to 
detect one or more characteristics of a loW-strength magnetic 
?eld, for example, in the case of a magnetic-?eld based local 
iZation system such as the gMPS system using technology 
from MediGuide Ltd. described above. 

[0032] The input control system 100 is con?gured to alloW 
a user, such as an electrophysiologist, to interact With the 
RCGS 10, in order to control the movement and advance 
ment/Withdrawal of both a catheter and sheath (see, e.g., 
commonly assigned US. patent application Ser. No. 12/ 751, 
843 ?led Mar. 31, 2010 entitled “ROBOTIC CATHETER 
SYSTEM” (docket no. 0G-043516US) and PCT/US2009/ 
038597 entitled “ROBOTIC CATHETER SYSTEM WITH 
DYNAMIC RESPONSE” (docket no. 0G-043513WO), pub 
lished as WO 2009/ 120982; the entire disclosure of both 
applications being hereby incorporated by reference). Gen 
erally, several types of input devices and related controls can 
be employed, including, Without limitation, instrumented tra 
ditional catheter handle controls, oversiZed catheter models, 
instrumented user-Wearable gloves, touch screen display 
monitors, 2-D input devices, 3-D input devices, spatially 
detected styluses, and traditional joysticks. For a further 
description of exemplary input apparatus and related con 
trols, see, for example, commonly assigned US. patent appli 
cation Ser. No. 12/933,063 entitled “ROBOTIC CATHETER 
SYSTEM INPUT DEVICE” (docket no. 0G-043527US) and 
US. patent application Ser. No. 12/347,442 entitled 
“MODEL CATHETER INPUT DEVICE” (docket no. 
0G-043508US), the entire disclosure of both applications 
being hereby incorporated by reference. The input devices 
can be con?gured to directly control the movement of the 
catheter and sheath, or can be con?gured, for example, to 
manipulate a target or cursor on an associated display. 

[0033] The electronic control system 200 is con?gured to 
translate (i.e., interpret) inputs (e. g., motions) of the user at an 
input device or from another source into a resulting move 
ment of the catheter and/ or surrounding sheath. In this regard, 
the system 200 includes a programmed electronic control unit 
(ECU) in communication With a memory or other computer 
readable media (memory) suitable for information storage. 
Relevant to the present disclosure, the electronic control sys 
tem 200 is con?gured, among other things, to issue com 
mands (i.e., actuation control signals) to the manipulator 
assembly 300 (i.e., to the actuation units4electric motors) to 
move or bend the catheter and/ or sheath to prescribed posi 
tions and/or in prescribed Ways, all in accordance With the 
received user input and a predetermined operating strategy 
programmed into the system 200. In addition to the instant 
description, further details of a programmed electronic con 
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trol system can be found in commonly assigned US. patent 
application Ser. No. 12/751,843 ?led Mar. 31, 2010 entitled 
“ROBOTIC CATHETER SYSTEM” (docket no. 
0G-043516US), described above. It should be understood 
that although the exemplary ENSITE VELOCITY System 14 
and the electronic control system 200 are shoWn separately, 
integration of one or more computing functions can result in 
a system including an ECU on Which can be run both (i) 
various control and diagnostic logic pertaining to the RCGS 
10 and (ii) the visualiZation, mapping and navigation func 
tionality of system 14. 
[0034] The manipulator assembly 300, in response to such 
commands, is con?gured to maneuver the medical device 
(e.g., translation movement, such as advancement and With 
draWal of the catheter and/or sheath), as Well as to effectuate 
distal end (tip) de?ection and/or rotation or virtual rotation. In 
an embodiment, the manipulator assembly 300 can include 
actuation mechanisms/units (e.g., a plurality of electric motor 
and lead screW combinations, or other electric motor con?gu 
rations, as detailed beloW) for linearly actuating one or more 
control members (e.g., steering Wires) associated With the 
medical device for achieving the above-described translation, 
de?ection and/or rotation (or virtual rotation). In addition to 
the description set forth herein, further details of a manipu 
lator assembly can be found in commonly assigned US. 
patent application Ser. No. 12/347,826 titled “ROBOTIC 
CATHETER MANIPULATOR ASSEMBL ” (docket no. 

0G-043503US), the entire disclosure of Which is hereby 
incorporated by reference. 
[0035] A device cartridge 400 is provided for each medical 
device controlled by the RCGS 10. For this exemplary 
description of an RCGS, one cartridge is associated With a 
catheter and a second cartridge is associated With an outer 
sheath. The cartridge is then coupled, generally speaking, to 
the RCGS 10 for subsequent robotically-controlled move 
ment. In addition to the description set forth herein, further 
details of a device cartridge canbe found in commonly oWned 
US. patent application Ser. No. 12/347,835 entitled 
“ROBOTIC CATHETER DEVICE CARTRIDGE” (docket 
no. 0G-043504US) and US. patent application Ser. No. 
12/347,842 “ROBOTIC CATHETER ROTATABLE 
DEVICE CARTRIDGE” (docket no. 0G-043507US), the 
entire disclosure of both applications being hereby incorpo 
rated by reference. 
[0036] FIG. 2 is a side vieW ofan exemplary robotic cath 
eter manipulator support structure, designated structure 510 
(see commonly oWned US. patent application Ser. No. 
12/347,811 entitled “ROBOTIC CATHETER SYSTEM” 
(docket no. 0G-043502US) described above). The structure 
510 can generally include a support frame 512 including 
retractable Wheels 514 and attachment assembly 516 for 
attachment to an operating bed (not shoWn). A plurality of 
support linkages 520 can be provided for accurately position 
ing one or more manipulator assemblies, such as manipulator 
assembly 302. The assembly 302 is con?gured to serve as the 
interface for the mechanical control of the movements or 
actions of one or more device cartridges, such as catheter and 
sheath cartridges 402, 404 described beloW. Each device car 
tridge is con?gured to receive and retain a respective proxi 
mal end of an associated medical device (e.g., catheter or 
sheath). The assembly 302 also includes a plurality of 
manipulation bases onto Which the device cartridges are 
mounted. After mounting, the manipulator assembly 302, 
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through the manipulation bases, is capable of manipulating 
the attached catheter and sheath. 

[0037] In the Figures to folloW, FIGS. 3a-3b Will shoW a 
manipulator assembly, FIGS. 4a-4c Will shoW a manipulation 
base, and FIGS. 5a-5b Will shoW a device cartridge. 

[0038] FIG. 3a is an isometric vieW, With portions omitted 
for clarity, of manipulator assembly 302. Assembly 302 
includes a catheter manipulator mechanism 304, a sheath 
manipulator mechanism 306, a catheter manipulation base 
308, a sheath manipulation base 310, a ?rst (catheter) drive 
mechanism 312, a second (sheath) drive mechanism 314, and 
a track 356. As further shoWn, assembly 302 further includes 
a catheter cartridge 402 and a sheath cartridge 404, With a 
catheter 406 having a proximal end opening 408 coupled to 
the catheter cartridge 402 and a sheath 410 coupled to the 
sheath cartridge 404. 
[0039] Catheter and sheath manipulator mechanisms 304, 
306 are con?gured to manipulate the several different move 
ments of the catheter 406 and the sheath 410. First, each 
mechanism 304, 306 is con?gured to impart translation 
movement to the catheter 406 and the sheath 41 0. Translation 
movement here refers to the independent advancement and 
retraction (Withdrawal) as shoWn generally in the directions 
designated D1 and D2 in FIG. 3a. Second, each mechanism 
304, 306 is also con?gured to effect de?ection of the distal 
end of either or both of the catheter and sheath 406, 410. 
Third, each mechanism 304, 306 can be operative to effect a 
so-called virtual (omni-directional) rotation of the distal end 
portion of the catheter 406 and the sheath 410. Virtual rota 
tion, for example, can be made through the use of independent 
four-Wire steering control for each device (e.g., eight total 
steering Wires, comprising four sheath control Wires and four 
catheter control Wires). The distal end movement is referred 
to as “virtual” rotation because the outer surface of the sheath 
(or catheter) does not in fact rotate in the conventional sense 
(i.e., about a longitudinal axis) but rather achieves the same 
movements as conventional uni-planar de?ection coupled 
With axial rotation. In addition to the present description of 
virtual rotation, further details can be found in PCT/US2009/ 
038597 entitled “ROBOTIC CATHETER SYSTEM WITH 
DYNAMIC RESPONSE” (docket no. 0G-043513WO), pub 
lished as WO 2009/ 120982. 

[0040] Each manipulator mechanism 304, 306 further 
includes a respective manipulation base 308, 310 onto Which 
are received catheter and sheath cartridges 402, 404. Each 
interlocking base 308, 310 can be capable of travel in the 
longitudinal direction of the catheter/ sheath (i.e., D1, D2 
respectively) along a track 356. In an embodiment, D1 and D2 
can each represent a translation of approximately 8 linear 
inches. Each interlocking base 308, 310 can be translated by 
a respective high precision drive mechanism 312, 314. Such 
drive mechanisms can include, for example and Without limi 
tation, an electric motor driven lead screW or ball screW. 

[0041] The manipulator mechanisms 304, 306 are aligned 
With each other such that catheter 406 can pass through sheath 
410 in a coaxial arrangement. Thus, sheath 410 can include a 
Water-tight proximal sheath opening 408. Overall, the 
manipulator mechanisms 3 04, 306 are con?gured to alloW not 
only coordinated movement but also relative movement 
betWeen catheter and sheath cartridges 402, 404 (and thus 
relative movement betWeen catheter and sheath). 
[0042] FIG. 3b is an isometric vieW of manipulator assem 
bly 302, substantially the same as FIG. 311 except that catheter 
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and sheath cartridges 402, 404 are omitted (as Well as catheter 
and sheath 406, 410) so as to reveal an exposed face of the 
manipulation bases 308, 310. 
[0043] FIG. 4a is an isometric, enlarged vieW shoWing 
manipulation base 308 (and base 310) in greater detail. Each 
cartridge 402, 404 has an associated manipulation base 308, 
310. Each base 308,310 can include a plurality of?ngers 316, 
318, 320 and 322 (e.g., one per steering Wire) that extend or 
protrude upWardly to contact and interact With steering Wire 
slider blocks (i.e., such as slider blocks 412, 414, 416, 418 are 
best shoWn in FIG. 5b) to independently tension select steer 
ing Wires 420, 422, 424, 426 (also best shoWn in FIG. 5b). 
Each ?nger can be con?gured to be independently actuated 
(i.e., moved back and forth Within the oval slots depicted in 
FIG. 4a) by a respective precision drive mechanism, such as 
a motor driven ball screW 324. A plate 326 provides a surface 
onto Which one of the cartridges 402, 404 are seated. 

[0044] FIG. 4b is an isometric, enlarged vieW ofbase 308 
(and base 310), substantially the same as FIG. 411 except With 
plate 326 omitted. Each motor-driven ball screW 324 (best 
shoWn in FIG. 4a, i.e., forboth ?nger control and for cartridge 
translation control, can further include encoders to measure a 
relative and/or an absolute position of each element of the 
system. Moreover, each motor-driven ball screW 324 (i.e., for 
both ?nger control and cartridge translation control) can be 
out?tted With steering Wire force sensors to measure a corre 
sponding steering Wire tension. For example, a corresponding 
?nger 316, 318, 320 or 322 can be mounted adjacent to a 
strain gauge for measuring the corresponding steering Wire 
tension. Each motor-driven ball screW 324 can include a 
number of components, for example only, a rotary electric 
motor (e.g., motors 342, 344, 346 and 348), a lead screW 328, 
a bearing 330 and a coupler 332 mounted relative to and 
engaging a frame 340. In the depicted embodiments linear 
actuation is primarily, if not exclusively, employed. HoWever, 
some knoWn examples of systems With rotary-based device 
drivers include US. application Ser. No. 12/ 150,1 10, ?led 23 
Apr. 2008 (the ’110 application); and US. application Ser. 
No. 12/032,639, ?led 15 Feb. 2008 (the ’639 application). 
The ’110 application and the ’639 application are hereby 
incorporated by reference in their entirety as though fully set 
forth herein. These and other types of remote actuation can 
directly bene?t from the teaching of the instant disclosure. 
[0045] FIG. 40 is an isometric, enlarged vieW of base 308 
(and base 310) that is taken from an opposite side as com 
pared to FIGS. 4a-4b. Bases 308, 310 can include compo 
nents such as a plurality of electrically-operated motors 342, 
344, 346 and 348, respectively coupled to ?ngers 316, 318, 
320 and 322. A bearing 354 can be provided to facilitate the 
sliding of bases 308, 310 on and along track 356. A plurality 
of inductive sensors (e.g. home sensors) 358 can also be 
provided for guiding each manipulation base to a home posi 
tion. 

[0046] FIG. 5a is an isometric, enlarged vieW shoWing, in 
greater detail, sheath cartridge 404. It should be understood 
that the description of sheath cartridge 404, except as other 
Wise stated, applies equally to catheter cartridge 402. Cath 
eter 406 and sheath 410 can be substantially connected or 
a?ixed to respective cartridges 402, 404 (e.g., in the neck 
portion). Thus, advancement of cartridge 404 correspond 
ingly advances the sheath 410 and retraction of cartridge 404 
retracts the sheath 410. LikeWise, although not shoWn, 
advancement of cartridge 402 correspondingly advances 
catheter 406 While a retraction of cartridge 402 retracts cath 
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eter 406. As shown, sheath cartridge 404 includes upper and 
lower cartridge sections 428, 430. 
[0047] FIG. 5b is an isometric, enlarged view showing, in 
greater detail, sheath cartridge 404, with upper section 428 
omitted to reveal interior components. Cartridge 404 can 
include slider blocks (e. g., as shown for cartridge 404, slider 
blocks 412, 414, 416, 418), each rigidly and independently 
coupled to a respective one of a plurality of steering wires 
(e.g., sheath steering wires 420, 422, 424, 426) in a manner 
that permits independent tensioning of each steering wire. 
Likewise, cartridge 402 for catheter 406 also includes slider 
blocks for coupling to a plurality (i.e., four) steering wires. 
Device cartridges 402, 404 can be provided as a disposable 
item that is capable of being easily positioned (e.g., snapped) 
into place (i.e., onto a respective base 408, 410). Sheath 
cartridge 404 can be designed in a similar manner as the 
catheter cartridge 402, but will typically be con?gured to 
provide for the passage of catheter 406. 
[0048] Referring to FIGS. 4a and 5a, catheter and sheath 
cartridges 402, 404 are con?gured to be secured or locked 
down onto respective manipulation bases 308, 310. To couple 
cartridge 402 (and 404) with base 308 (and 310), one or more 
locking pins (e. g., 432 in FIG. 5a) on the cartridge can engage 
one or more mating recesses 360 in the base (see FIG. 4a). In 
an embodiment, such recesses 360 can include an interfer 
ence lock such as a spring detent or other locking means. In an 

embodiment, such other locking means can include a physical 
interference that can require af?rmative/ positive action by the 
user to release the cartridge. Such action can include or 
require actuation of a release lever 362. Additionally, the 
cartridge can include one or more locator pins (not shown) 
con?gured to passively ?t into mating holes on the base (e.g., 
364 in FIG. 4a). 
[0049] In operation, a user ?rst manually positions catheter 
406 and sheath 410 (with catheter 406 inserted in sheath 410) 
within the vasculature of a patient. Once the medical devices 
are roughly positioned in relation to the heart or other ana 
tomical site of interest, the user can then engage or connect 
(e. g., “snap-in”) the catheter and sheath cartridges into place 
on respective bases 308, 310. When a cartridge is intercon 
nected with a base, the ?ngers ?t into the recesses formed in 
the slider blocks. For example, with respect to the sheath 
cartridge 404 and sheath base 310, each of the plurality of 
?ngers 316, 318, 320 or 322 ?t into corresponding recesses 
formed between the distal edge of sliderblocks 412,414, 416, 
418 and a lower portion of the cartridge housing (best shown 
in FIG. 5b). Each ?nger can be designed to be actuated in a 
proximal direction to respectively move each slider block, 
thereby placing the respective steering wire in tension (i.e., a 
“pull” wire). Translation, distal end bending and virtual rota 
tion can be accomplished through the use of the RCGS 10. 

[0050] FIG. 6 is a diagrammatic view of a node suitable for 
connection to a communications bus (not shown) in RCGS 
10. The node includes an actuation unit 600, similar to the 
actuation mechanisms described above (e. g., catheter actua 
tion mechanism 304). The RCGS 10 can have at least ten such 
actuation units (i.e., one for each of the four catheter steering 
wires, four sheath steering wires, one catheter manipulation 
base and one sheath manipulation base), which as described 
include electric motors. The diagnostic logic of the present 
disclosure is con?gured to monitor all the electric motors to 
detect runaway motor fault conditions. 

[0051] FIG. 6 shows in diagrammatic or block form many 
of the components described aboveiwhere appropriate, ref 
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erences to the earlier describe components will be made. 
Actuation unit 600 includes a ?rst, slidable control member 
602 (i.e., slider as described above) that is connected to or 
coupled with a second, tensile control member 604 (i.e., 
steering wire as described above). The slider 602 can be 
con?gured to interface with a third, movable control member 
606 (i.e., ?nger as described above). The ?nger 606 can 
further be operatively coupled with a portion of a sensor 608 
(e.g., a force sensor), which, in turn, can be coupled with a 
translatable drive element 610 that can be mechanically 
moved. For example, without limitation, translatable drive 
element 610 can ride on or can otherwise be mechanically 
moved by a mechanical movement device 612 that, in turn, 
can be coupled with an electric motor 614. The mechanical 
movement device 612 can comprise a lead screw while the 
translatable drive element 610 can comprise a threaded nut, 
which can be controllably translated by screw 612 in the X+ 
or X- directions. In another embodiment, mechanical move 
ment device 612 can include a ball screw, while translatable 
drive element 610 can include a ball assembly. Many varia 
tions are possible, as will be appreciated by one of ordinary 
skill in the art. 

[0052] The actuation unit 600 also includes a rotary motor 
position encoder 616 that is coupled to the motor 614 and is 
con?gured to output a signal indicative of the position of the 
motor 614. The encoder 616 can comprise an internal, optical 
encoder assembly, integral with motor 614, con?gured to 
produce a relatively high accuracy output. The motor position 
sensor can operate in either absolute or relative coordinates. 
In an embodiment, a second motor position sensor (not 
shown) can also be provided, such as a potentiometer (or 
impedance-based), con?gured to provide a varying voltage 
output proportional to the motor’s rotary position. The output 
of the secondary position sensor can be used as an integrity 
check of the operating performance of the primary position 
sensor (encoder) during start-up or initialization of the actua 
tion unit. 
[0053] Actuation unit 600 also includes one or more local 
controllers including a bus interface 618 to facilitate 
exchange of information between actuation unit 600 and elec 
tronic control system 200 (via the bus). The controller com 
municates with the main electronic control system 200 via the 
bus interface and is con?gured, among other things, to (1) 
receive and execute motor actuation commands issued by the 
electronic control system 200 for controlling the movements 
of motor 614; and (2) receive and execute a command (issued 
by the electronic control system 200) to take a motor position 
sensor reading, for example, from encoder 616 and subse 
quently report the reading to system 200. 
[0054] Proximity/Contact Sensing. A proximity/contact 
sensor on the catheter provides a proximity signal indicating 
how close (i.e., distance) the catheter is to the nearest body 
tissue (e.g., heart tissue). Embodiments are con?gured to 
monitor this proximity/ contact signal periodically, e. g., every 
input/output cycle of the RCGS, and take appropriate 
response action, to ensure that the location of the catheter is 
always kept at a prudently safe distance from any unexpected 
anatomical structures, so as to avoid catheter-to-tissue con 
tact at speed. Embodiments are con?gured to automatically 
implement such response actions, such as to alter (i.e., 
reduce) device speed or alternatively to cut power to the 
RCGS motors. 

[0055] A variety of proximity/contact sensors can be used, 
for example, an optical force sensor or a mechanical force 
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