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CATHETER CONTROL SYSTEM AND GRAPHICAL USER

INTERFACE

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.

61/093,242, filed August 29, 2008, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to the field of catheter systems for

performing diagnostic and/or therapeutic procedures. The present invention relates

specifically to catheter systems including a user interface and/or workstation for controlling

a robotic catheter system.

[0003] Vascular disease, and in particular cardiovascular disease, may be treated in a

variety of ways. Surgery, such as cardiac bypass surgery, is one method for treating

cardiovascular disease. However, under certain circumstances, vascular disease may be

treated with a catheter based therapeutic procedure, such as angioplasty. Catheter based

therapeutic procedures are generally considered less invasive than surgery. If a patient

shows symptoms indicative of cardiovascular disease, an image of the patient's heart may

be taken to aid in the diagnosis of the patient's disease and to determine an appropriate

course of treatment. For certain disease types, such as atherosclerosis, the image of the

patient's heart may show a lesion that is blocking one or more coronary arteries. Following

the diagnostic procedure, the patient may undergo a catheter based therapeutic procedure.

During one type of therapeutic procedure, a catheter is inserted into the patient's femoral

artery and moved through the patient's arterial system until the catheter reaches the site of

the lesion. In some procedures, the catheter is equipped with a balloon or a stent that when

deployed at the site of a lesion allows for increased blood flow through the portion of the

coronary artery that is affected by the lesion. In addition to cardiovascular disease, other

disease may be treated with catheterization procedures.

SUMMARY OF THE INVENTION

[0004] One embodiment of the invention relates to a remote workstation for the control of

percutaneous intervention devices. The remote workstation includes a control system for



remotely and independently controlling at least two percutaneous intervention devices. The

control system includes at least one input device to control the percutaneous intervention

devices. The control system controls movement of at least one of the percutaneous

intervention devices along at least two degrees of freedom. The remote workstation also

includes a graphical user interface for displaying icons representative of the operational

status of each of the percutaneous intervention devices.

[0005] Another embodiment of the invention relates to a remote workstation for the

control of percutaneous intervention devices to perform a catheter based medical procedure

on a patient, the remote workstation. The remote workstation includes at least one input

device operatively coupled to the control system and a control system for remotely and

independently controlling at least two percutaneous intervention devices. The control

system receives at least one user input from the at least one input device to control the

percutaneous intervention devices, and the control system controls movement of the

percutaneous intervention devices along at least two degrees of freedom. The remote

workstation also includes a graphical user interface for displaying a first set of icons and a

second set of icons. The first set of icons is representative of each of the percutaneous

intervention devices, and the second set of icons is representative of physiological

information of the patient.

[0006] Another embodiment of the invention relates to a remote workstation for the

control of percutaneous intervention devices located within a first lab unit. The remote

workstation includes a first input device and a second input device. The remote workstation

also includes a control system for remotely controlling a first percutaneous intervention

device and a second percutaneous intervention device. The first and second input devices

are operatively coupled to the control system, and the control system controls movement of

the first and second percutaneous intervention devices along at least two degrees of freedom

in response to user input signals received from the first and second input devices. The

remote workstation also includes a graphical user interface for displaying a first icon

representative of the operational status of the first percutaneous intervention device and a

second icon representative of the operational status the second percutaneous intervention

device.

[0007] Another embodiment of the invention relates to a method for measuring the length

of a structure during a percutaneous procedure. The method includes aligning a portion of a

percutaneous device with a first end of the structure and moving the percutaneous device so



that the portion of the percutaneous device moves from the first end of the structure to a

second end of the structure. The method also includes aligning the portion of the

percutaneous device with the second end of the structure, measuring the distance moved by

the percutaneous device to move the portion of the percutaneous device between the first

end and the second end of the structure, and providing information to the user regarding the

measured distanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] This application will become more fully understood from the following detailed

description, taken in conjunction with the accompanying figures, wherein like reference

numerals refer to like elements in which:

[0009] FIG. 1 is a perspective view of the robotic catheter system according to an

exemplary embodiment;

[0010] FIG. 2 is block diagram of a robotic catheter system according to an exemplary

embodiment;

[0011] FIG. 3 is a block diagram of a control system according to an exemplary

embodiment;

[0012] FIG. 4 is perspective view of controls for a robotic catheter system according to an

exemplary embodiment;

[0013] FIG. 5 is a diagram of a graphical user interface according to an exemplary

embodiment;

[0014] FIG. 6 is a diagram of a robotic catheter system including multiple lab units

according to an exemplary embodiment;

[0015] FIG. 7 is an image of coronary arteries shown during a real catheter based

therapeutic procedure according to an exemplary embodiment;

[0016] FIG. 8 is a flow diagram showing measurement of a length according to an

exemplary embodiment; and

[0017] FIG. 9 is a graphical user interface according to an exemplary embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] Referring to FIG. 1, a catheter procedure system 10 is shown. Catheter procedure

system 10 may be used to perform catheter based medical procedures (e.g., percutaneous

intervention procedures). Percutaneous intervention procedures may include diagnostic



catheterization procedures during which one or more catheters are used to aid in the

diagnosis of a patient's disease. For example, during one embodiment of a catheter based

diagnostic procedure, a contrast media is injected into one or more coronary arteries through

a catheter and an image of the patient's heart is taken. Percutaneous intervention

procedures may also include catheter based therapeutic procedures (e.g., angioplasty, stent

placement, treatment of peripheral vascular disease, etc.) during which a catheter is used to

treat a disease. It should be noted, however, that one skilled in the art would recognize that,

certain specific percutaneous intervention devices or components (e.g., type of guide wire,

type of catheter, etc.) will be selected based on the type of procedure that is to be

preformed. Catheter procedure system 10 is capable of performing any number of catheter

based medical procedures with minor adjustments to accommodate the specific

percutaneous intervention devices to be used in the procedure. In particular, while the

embodiments of catheter procedure system 10 described herein are explained primarily in

relation to the diagnosis and/or treatment of coronary disease, catheter procedure system 10

may be used to diagnose and/or treat any type of disease or condition amenable to diagnosis

and/or treatment via a catheter based procedure.

[0019] Catheter procedure system 10 includes lab unit 11 and workstation 14. Catheter

procedure system 10 includes a robotic catheter system, shown as bedside system 12,

located within lab unit 11 adjacent patient 2 1. Generally, bedside system 12 may be

equipped with the appropriate percutaneous intervention devices or components (e.g., guide

wires, guide catheters, working catheters, catheter balloons, stents, contrast media,

medicine, diagnostic catheters, etc.) to allow the user to perform a catheter based medical

procedure. A robotic catheter system, such as bedside system 12, may be any system

configured to allow a user to perform a catheter-based medical procedure via a robotic

system by operating various controls such as the controls located at workstation 14.

Bedside system 12 may include any number and/or combination of components to provide

bedside system 12 with the functionality described herein. Various embodiments of bedside

system 12 are described in detail in U.S. Provisional Application No. 61/050,933, filed May

6, 2008, which is incorporated herein by reference in its entirety. Other embodiments of

bedside system 12 are described in detail in International Application No.

PCT/US2009/042720, filed May 4, 2009, which is incorporated herein by reference in its

entirety.



[0020] In one embodiment, bedside system 12 may be equipped to perform a catheter

based diagnostic procedure. In this embodiment, bedside system 12 may be equipped with

a variety of catheters for the delivery of contrast media to the coronary arteries. In one

embodiment, bedside system 12 may be equipped with a first catheter shaped to deliver

contrast media to the coronary arteries on the left side of the heart, a second catheter shaped

to deliver contrast media to the coronary arteries on the right side of the heart, and a third

catheter shaped to deliver contrast media into the chambers of the heart.

[0021] In another embodiment, bedside system 12 may be equipped to perform a catheter

based therapeutic procedure. In this embodiment, bedside system 12 may be equipped with

a guide catheter, a guide wire, and a working catheter (e.g., a balloon catheter, a stent

delivery catheter, etc.). In another embodiment, bedside system 12 may be equipped with

an intravascular ultrasound (IVUS) catheter. In another embodiment, any of the

percutaneous intervention devices of bedside system 12 may be equipped with positional

sensors that indicate the position of the component within the body.

[0022] Bedside system 12 is in communication with workstation 14, allowing signals

generated by the user inputs of workstation 14 to be transmitted to bedside system 12 to

control the various functions of beside system 12. Bedside system 12 also may provide

feedback signals (e.g., operating conditions, warning signals, error codes, etc.) to

workstation 14. Bedside system 12 may be connected to workstation 14 via a

communication link 38 that may be a wireless connection, cable connectors, or any other

means capable of allowing communication to occur between workstation 14 and beside

system 12.

[0023] Workstation 14 includes a user interface 30. User interface 30 includes controls

16. Controls 16 allow the user to control bedside system 12 to perform a catheter based

medical procedure. Controls 16 may be configured to control movement of the

percutaneous intervention devices along at least two degrees of freedom. For example,

controls 16 may be configured to cause bedside system 12 to perform various tasks using

the various percutaneous intervention devices with which bedside system 12 may be

equipped (e.g., to advance, retract, or rotate a guide wire, advance, retract, or rotate a

working catheter, advance, retract, or rotate a guide catheter, inflate or deflate a balloon

located on a catheter, position and/or deploy a stent, inject contrast media into a catheter,

inject medicine into a catheter, or to perform any other function that may be performed as

part of a catheter based medical procedure).



[0024] In one embodiment, workstation 14 includes a single set of controls 16 that are

configured to control all of the percutaneous intervention devices (e.g., guide wires,

catheters, catheter balloons, stents, diagnostic catheters, contrast medium, medicine, etc.)

that may be used with bedside system 12. In this embodiment, controls 16 will include a

switch or toggle that allows the user to select which task bedside system 12 will currently

perform. In another embodiment, controls 16 may include one or more dedicated sets of

controls configured to control bedside system 12 only during the performance of a particular

task. For example, as shown in FIG. 4, workstation 14 may include a guide wire control 23,

a working catheter control 25, and a guide catheter control 29. In this embodiment, guide

wire control 23 is configured to advance, retract, or rotate a guide wire, working catheter

control 25 is configured to advance, retract, or rotate a working catheter, and guide catheter

control 29 is configured to advance, retract, or rotate a guide catheter. Controls 16 may also

include a balloon control that is configured to inflate or deflate a balloon and/or a stent.

Each of the dedicated controls may include one or more buttons, joysticks, touch screens,

etc. that may be desirable to control the particular component to which the control is

dedicated. In one embodiment, controls 16 are configured to allow the user to operate more

than one component via bedside system 12 at the same time. For example, in this

embodiment, the user may operate guide wire control 23, working catheter control 25,

and/or guide catheter control 29 at the same time to advance, retract, and/or rotate a guide

wire, a working catheter, and/or a guide catheter at the same time.

[0025] In an exemplary embodiment of FIG. 1, controls 16 include a touch screen 18, a

pair of joysticks 20 having variable speed control, a first jog button 22 for 1 mm jogs, and a

second jog button 24 for 5 mm jogs. First jog button 22 and second jog button 24 have

continuous jog capability. Operation of jog buttons 22 and 24 may be configured to cause

bedside system 12 to move a guide wire or a catheter. In one embodiment, depression of

one or more of the jog buttons will move a guide wire or catheter a set distance forward as

noted above. However, jog buttons 22 and 24 may be configured to move a guide wire or a

catheter any distance that may be desired. In one embodiment, controls 16 may be

configured to allow the user to set the distance that a component moves in response to

operation of jog buttons 22 and 24 (e.g., 2mm jogs, 3 mm jogs, 4 mm jogs, 6 mm jogs, 7

mm jogs, etc.). The user may set the distance that a component moves in response to

operation of jog buttons 22 and 24 via a separate control, such as a dial, entry of the desired

distance via a keyboard or touch screen, entry of the desired distance via selection of



desired distance from a menu displayed on one of the displays of workstation 14, etc. In

addition, controls 16 may include a rotational jog button configured to rotate a guide wire or

a catheter a pre-set number of degrees when pressed. Another button may be used to

accelerate the speed of a guide wire or a catheter or to provide a multiplier so that the

variable speed control reacts in a heightened manner. For example, if movement of a

joystick a set distance results in the movement of the guide wire at a set speed in normal

operation, the guide wire would move at a multiple of the set speed by depressing the button

to accelerate the speed. In another embodiment, the various controls (e.g., jog buttons 22

and 24, joysticks 20, etc.) may be graphic touch screen controls.

[0026] Referring to FIG. 4, an exemplary embodiment of controls 16 is shown. In this

embodiment, controls 16 includes a touch screen 18, a guide catheter control 29, a guide

wire control 23, and a working catheter control 25. In this embodiment, guide catheter

control 29, guide wire control 23, and working catheter control 25 are joysticks that allow

the user to advance, retract, and rotate the component associated with the control. As

shown in FIG. 4, in an exemplary embodiment, guide catheter control 29 is positioned on

the far left, guide wire control 23 is positioned in the middle, and working catheter control

25 is positioned to the far right below touch screen 18. In another embodiment, each of the

joysticks shown in FIG. 4 may be assigned to control a particular component based upon the

preference of the user. For example, the left most joystick shown may be assigned to

control the working catheter and the right most joystick may be assigned to control the

guide catheter. In another embodiment, one or more portions of controls 16 are configured

to provide haptic feedback (i.e., feedback through sense of touch) to the user. For example,

the joysticks of controls 23, 25, and 29 may vibrate when the user is advancing the

associated component or may apply a force to indicate resistance experienced by the

associated component as the user attempts to move the component via manipulation of the

control.

[0027] Controls 16 may include an emergency stop button 31 and a multiplier button 33.

When emergency stop button 31 is pushed a relay is triggered to cut the power supply to

bedside system 12. Multiplier button 33 acts to increase or decrease the speed at which the

associated component is moved in response to a manipulation of guide catheter control 29,

guide wire control 23, and working catheter control 25. For example, if operation of guide

wire control 23 advances the guide wire at a rate of 1 mm/sec, pushing multiplier button 33

may cause operation of guide wire control 23 to advance the guide wire at a rate of 2



mm/sec. Multiplier button 33 may be a toggle allowing the multiplier effect to be toggled

on and off. In another embodiment, multiplier button 33 must be held down by the user to

increase the speed of a component during operation of controls 16.

[0028] In the embodiment shown in FIG. 4, the controls 23, 25, and 29 are shown equally

spaced from each other aligned beneath touch screen 18. In other embodiments, controls

23, 25, and 29 are not aligned beneath touch screen 18 but are staggered. In another

embodiment, the space between working catheter control 25 and guide wire control 23 is

greater than the distance between guide wire control 23 and guide catheter control 29.

Controls 16 may include one or more ergonomic hand supports to support the user's hand

while operating controls 16. In another embodiment, controls 16 may include a keyboard

and/or a mouse. The keyboard and/or mouse may be separate input devices coupled via a

communication link 38 to controller 40, and/or the keyboard and/or mouse may be

integrated with one or more components of workstation 14.

[0029] In one embodiment, workstation 14 and/or controls 16 include one or more devices

and/or systems to control access to and/or use of various component. For example, controls

16 may be password protected, may include a fingerprint reader, a badge reader, etc. In

these embodiments, controls 16 may not operate bedside system 12 unless a correct

password is entered, an authorized finger print or badge is read, etc.

[0030] User interface 30 may include a first monitor 26 and a second monitor 28. First

monitor 26 and second monitor 28 may be configured to display information or patient

specific data to the user located at workstation 14. For example, first monitor 26 and

second monitor 28 may be configured to display image data (e.g., x-ray images, MRI

images, CT images, ultrasound images, etc.), hemodynamic data (e.g., blood pressure, heart

rate, etc.), patient record information (e.g., medical history, age, weight, etc.). In addition,

first monitor 26 and second monitor 28 may be configured to display procedure specific

information (e.g., duration of procedure, catheter or guide wire position, volume of

medicine or contrast agent delivered, etc.). In one embodiment, first monitor 26 is

configured to display a real-time image of a patient's heart during a catheterization

procedure, and second monitor 28 is configured to display graphical user interface 160 as

discussed below. In another embodiment, user interface 30 includes a third monitor

configured to display hemodynamic data. In another embodiment, user interface 30

includes a single screen of sufficient size to display one or more of the displays and/or touch

screen components discussed herein.



[0031] Catheter procedure system 10 also includes an imaging system 32 located within

lab unit 11. Imaging system 32 may be any medical imaging system that may be used in

conjunction with a catheter based medical procedure (e.g., non-digital x-ray, digital x-ray,

CT, MRI, ultrasound, etc.). In an exemplary embodiment, imaging system 32 is a digital x-

ray imaging device including a C-arm that allows imaging system 32 to partially or

completely rotate around patient 2 1 in order to obtain images at different angular positions

relative to the patient (e.g., sagital views, caudal views, cranio-caudal views, etc.).

[0032] Imaging system 32 is configured to take x-ray images of the appropriate area of

patient 2 1 during a particular procedure. For example, imaging system 32 may be

configured to take one or more x-ray images of the heart to diagnose a heart condition.

Imaging system 32 may also be configured to take one or more x-ray images during a

catheter based medical procedure (e.g., real-time images) to assist the user of workstation

14 to properly position a guide wire, catheter, stent, etc. during the procedure. The image or

images may be displayed on first monitor 26 and/or second monitor 28. In addition,

controls 16 may also be configured to allow the user positioned at workstation 14 to control

various functions of imaging system 32 (e.g., image capture, magnification, collimation, c-

arm positioning, etc.).

[0033] Workstation 14 is capable of being remotely located, for example, in either a

procedure room or a separate control room. Workstation 14 may be located at any place

within a hospital. Workstation 14 may also be in at any location outside of the hospital,

such as in a physician's offsite office, mobile workstation trailer, etc. If workstation 14 is

located such that the user is not able to directly view patient 2 1 within lab unit 11, lab unit

11 may be equipped with a camera to allow the user located at workstation 14 to see the

patient within lab unit 11. If imaging system 32 is a radiation based imaging device,

remotely locating workstation 14 enables users to perform procedures outside the radiation

zone created by imaging system 32. This may eliminate the need to wear heavy lead

garments. This reduces orthopedic occupational hazards, including, but not limited to,

spinal injuries and general strain on the body of the operator. A second benefit of remotely

locating workstation 14 is that the dangers associated with radiation exposure are reduced.

A third benefit of remotely locating workstation 14 is that it allows users to multitask

outside the procedure room during downtime.

[0034] In an exemplary embodiment shown in FIG. 6, a single workstation 14 may be in

communication with multiple lab units 11. Each lab unit 11 may be equipped as discussed



above regarding FIGS. 1 and 2 . The single workstation 14 may be configured to operate a

bedside system, an imaging system, and/or a communication system that are located within

each of the lab units. In this embodiment, controls 16 may include a switch or other suitable

selection device that allows the user located at workstation 14 to select which lab unit 11

workstation 14 is currently controlling. This configuration may increase the productivity

and efficiency of workstation 14. For instance, this configuration may allow the user

positioned at workstation 14 to perform a catheter based medical procedure on a first patient

using a first bedside system located in the first lab unit while another patient is being

prepared (e.g., anesthetized, connected to monitoring devices, etc.) for a procedure to be

preformed in the second lab unit. In one embodiment, the single workstation 14 may be

located at a different site than one or more of the lab units that it is controlling. In this

embodiment, each lab unit 11 may be equipped with a camera to allow the user located at

workstation 14 to see each of the patients within each lab unit 11. In another embodiment,

multiple workstations 14 may control a single lab unit 11. In one embodiment, there is a

master-slave relationship between the multiple workstations.

[0035] Referring to FIG. 1, catheter procedure system 10 may include a communication

system that allows the user positioned at workstation 14 to communicate with patient 2 1

positioned within lab unit 11. The communication system, may include a first voice output

unit, shown as lab unit speaker 13, a first voice input unit, shown as lab unit microphone 15,

a second voice output unit, shown as workstation speaker 17, and a second voice input unit,

shown as workstation microphone 19. Workstation microphone 19 is configured to transmit

the voice of the user of workstation 14 to lab unit speaker 13. Lab unit microphone 15 is

configured to transmit the voice of patient 2 1 to workstation speaker 17. The

communication system may include one or more switches (e.g., on/off switch, mute switch,

etc.) to turn off workstation microphone 19 and/or lab unit microphone 15. Speaker 13

and/or speaker 17 may also include on/off switches and/or volume control switches. In one

embodiment, controller 40 is configured to operate the communication system.

[0036] In one embodiment, lab unit speaker 13 and/or workstation speaker 17 may be a

set of headphones or earphones that patient 2 1 and/or the user of workstation 14,

respectively, may wear. In another embodiment, lab unit speaker 13, lab unit microphone

15, workstation speaker 17, and workstation microphone 19 comprise a wireless remote

communication system. In this embodiment, workstation speaker 17 and workstation

microphone 19 may be part of a wireless headset that the user of workstation 14 can wear



while performing a catheter based procedure. Use of a wireless headset may allow the user

to move more freely about workstation 14 and remain in communication with patient 2 1 and

it may also eliminate problems that may associated with cords under certain circumstances

(e.g., tangling, tripping, etc.).

[0037] Referring to FIG. 2, a block diagram of catheter procedure system 10 is shown

according to an exemplary embodiment. Catheter procedure system 10 may include a

control system, shown as controller 40. As shown in FIG. 2, controller 40 may be part of

workstation 14. Controller 40 is in communication with one or more bedside systems 12,

controls 16, monitors 26 and 28, imaging system 32, and patient sensors 35 (e.g.,

electrocardiogram ("ECG") devices, electroencephalogram ("EEG") devices, blood pressure

monitors, temperature monitors, heart rate monitors, respiratory monitors, etc.). In addition,

controller 40 may be in communication with a hospital data management system or hospital

network 34 and one or more additional output devices 36 (e.g., printer, disk drive, cd/dvd

writer, etc.). Communication between the various components of catheter procedure system

10 may be accomplished via communication links 38. Communication links 38 may be

dedicated wires or wireless connections. Communication links 38 may also represent

communication over a network. Catheter procedure system 10 may be connected or

configured to include any other systems and/or devices not explicitly shown. For example,

catheter procedure system 10 may include IVUS systems, image processing engines, data

storage and archive systems, automatic balloon and/or stent inflation systems, contrast

media and/or medicine injection systems, medicine tracking and/or logging systems, user

logs, encryption systems, systems to restrict access or use of catheter procedure system 10,

robotic catheter systems of the past, present, or future, etc.

[0038] Referring to FIG. 3, a block diagram of controller 40 is shown according to an

exemplary embodiment. Controller 40 may generally be an electronic control unit suitable

to provide catheter procedure system 10 with the various functionalities described herein.

For example, controller 40 may be an embedded system, a dedicated circuit, a general

purpose system programmed with the functionality described herein, etc. Controller 40

includes a processing circuit 42, memory 44, communication module or subsystem 46,

communication interface 48, procedure control module or subsystem 50, simulation module

or subsystem 52, GUI module or subsystem 56, data storage module or subsystem 58, safety

lock module or subsystem 62, maintenance module or subsystem 64, and measurement

module 66.



[0039] Processing circuit 42 may be a general purpose processor, an application specific

processor (ASIC), a circuit containing one or more processing components, a group of

distributed processing components, a group of distributed computers configured for

processing, etc. configured provide the functionality of module components 46, 50-66.

Memory 44 (e.g., memory unit, memory device, storage device, etc.) may be one or more

devices for storing data and/or computer code for completing and/or facilitating the various

processes described in the present disclosure. Memory 44 may include volatile memory

and/or non-volatile memory. Memory 44 may include database components, object code

components, script components, and/or any other type of information structure for

supporting the various activities described in the present disclosure.

[0040] According to an exemplary embodiment, any distributed and/or local memory

device of the past, present, or future may be utilized with the systems and methods of this

disclosure. According to an exemplary embodiment, memory 44 is communicably

connected to processing circuit 42 (e.g., via a circuit or any other wired, wireless, or

network connection) and includes computer code for executing one or more processes

described herein. A single memory unit may include a variety of individual memory

devices, chips, disks, and/or other storage structures or systems.

[0041] Module or subsystems 46, 50-66 may be computer code (e.g., object code,

program code, compiled code, script code, executable code, or any combination thereof) for

conducting each module's respective functions. Module components 46, 50-66 may be

stored in memory 44, or in one or more local, distributed, and/or remote memory units

configured to be in communication with processing circuit 42 or another suitable processing

system.

[0042] Communication interface 48 includes one or more component for communicably

coupling controller 40 to the other components of catheter procedure system 10 via

communication links 38. Communication interface 48 may include one or more jacks or

other hardware for physically coupling communication links 38 to controller 40, an analog

to digital converter, a digital to analog converter, signal processing circuitry, and/or other

suitable components. Communication interface 48 may include hardware configured to

connect controller 40 with the other components of catheter procedure system 10 via

wireless connections. Communication module 46 is configured to support the

communication activities of controller 40 (e.g., negotiating connections, communication via

standard or proprietary protocols, etc.). In one embodiment, communication module 46



may also be configured to support communication between lab unit speaker 13, lab unit

microphone 15, workstation speaker 17, and workstation microphone 19. In another

embodiment, communication interface 48 may be configured to communicably couple

controller 40 to multiple bedside systems and/or multiple imaging systems located in

multiple lab units. In this embodiment, communication module 46 may also be configured

to allow workstation 14 to control multiple lab units.

[0043] Data storage module 58 is configured to support the storage and retrieval of

information by controller 40. In one embodiment, data storage module 58 is a database for

storing patient specific data, including image data. In another embodiment, data storage

module 58 may be located on hospital network 34. Data storage module 58 and/or

communication module 46 may also be configured to import and/or export patient specific

data from hospital network 34 for use by controller 40.

[0044] Controller 40 also includes a procedure control module 50 configured to support

the control of bedside system 12 during a catheter based medical procedure. Procedure

control module 50 allows the manipulation of controls 16 by the user to operate bedside

system 12. Procedure control module 50 may also cause data appropriate for a particular

procedure to be displayed on monitors 26 and 28. Procedure control module 50 may

include sets of instructions specific to various types of catheter based procedures that may

be performed using bedside system 12. For example, procedure control module 50 may

include one set of instructions that will be executed by processing circuit 42 if bedside

system 12 is being used to perform a diagnostic catheterization procedure and another set of

instructions that will be executed by processing circuit 42 if bedside system 12 is being used

to perform an therapeutic catheter procedure. In addition, procedure control module 50 may

also be configured to allow a user located at workstation 14 to operate imaging system 32.

In the exemplary embodiment shown in FIG. 6, procedure control module 50 located at

workstation 14 may be configured to control multiple bedside systems, control balloon

and/or stent inflation, control contrast media and/or medicine injection, and control multiple

imaging systems located in multiple lab units 11.

[0045] Referring to FIG. 7, an exemplary catheterization procedure is shown. During the

exemplary balloon angioplasty therapeutic procedure of FIG. 7, an incision is made, usually

in the groin. A guide catheter 148 is inserted through the incision into the femoral artery.

Bedside system 12 is operated to feed guide catheter 148 through the patient's arterial

system until guide catheter 148 is positioned near either the left or right ostium. Bedside



system 12 is then operated to feed guide wire 142 through guide catheter 148 until guide

wire 142 extends across lesion 140. Next, bedside system 12 is operated to advance

working catheter 144 over guide wire 142 to position balloon 146 across lesion 140. Once

working catheter 144 and balloon 146 is in place, balloon 146 is inflated to compress lesion

140 and to stretch the artery open thereby increasing blood flow to the heart. Balloon 146 is

then deflated, guide wire 142 and working catheter 144 are removed, and the incision is

closed.

[0046] While the catheter based therapeutic procedure discussed above relates to a balloon

angioplasty, it should be understood that the catheter used during a catheterization

procedure may be any type of catheter useful during the performance of any percutaneous

procedure. For example, the catheter may include a stent that is expanded and left at the site

of the lesion. Alternatively, the catheter may include structures adapted to cut or grind

away the plaque forming the lesion.

[0047] Controller 40 also includes simulation module 52. Simulation module 52 is

configured to run a simulated catheterization procedure based upon stored patient specific

data (e.g., image data representing a patient's heart) and also based upon a user's

manipulation of controls 16. Generally, simulation module 52 is configured to allow a user

to manipulate controls 16 during the simulated procedure, to determine how bedside system

12 would respond to the manipulation of these controls if the procedure were not simulated,

and, based upon this, to provide feedback to the user regarding the user's performance

during the simulated procedure. In one embodiment, simulation module 52 may display an

image of a heart on monitor 26 or 28 and display an image of a virtual catheterization

component on top of the displayed image. The image of the virtual catheterization

component moves relative to the displayed image in response to manipulation of controls

16. In one embodiment various information from or portions of the simulated procedure is

recorded.

[0048] Controller 40 also includes graphical user interface ("GUI") module 56. GUI

module 56 is configured to support the display of information on monitors 26 and 28 and/or

on touch screen 18. In one embodiment, during a catheterization procedure, GUI module 56

is configured to display x-ray images of a patient's heart generated by imaging system 32 on

first monitor 26, to display hemodynamic data on second monitor 28, and to display

graphical user interface ("GUI") 160 on touch screen 18. In another embodiment, GUI

module 56 is configured to display images captured during a previous catheter based



medical procedure. In one embodiment, the image data is downloaded in advance into data

storage subsystem in advance of the next procedure to be performed. GUI module 56 may

include a two dimensional graphics engine, a three dimensional graphics engine, and/or any

other suitable logic or programming code for generating a GUI having the features

described in the present application.

[0049] Referring to FIG. 5, in one embodiment GUI module 56 is configured to generate a

GUI 160 having an icon representing the operational status of each of the percutaneous

intervention devices or components that may be used with bedside system 12. GUI 160

includes a guide wire icon 162, a guide catheter icon 164, and a working catheter icon 166.

In one embodiment, GUI module 56 is configured to display icons 162-166 in a manner that

illustrates which component bedside system 12 is currently controlling.

[0050] In one embodiment, GUI module 56 may be configured to alter the display of

guide wire icon 162 when the user is controlling guide wire 142, to alter the display of

guide catheter icon 164 when the user is controlling guide catheter 148, and to alter the

display of working catheter icon 166 when the user is controlling working catheter 144. In

one embodiment, GUI module 56 is configured to color code the icons of GUI 160 based

upon whether the corresponding component is currently in use. For example, if controls 16

are currently controlling guide wire 142, guide wire icon 162 may be colored green to

indicate that the user is currently controlling the guide wire. In addition, when controls 16

are currently controlling guide wire 142, guide catheter icon 164 and working catheter icon

166 may be colored yellow or grey to indicate that the user is not currently controlling guide

catheter 148 or working catheter 144. In other embodiments, GUI module 56 may change

the size, change the shape, change the type of graphic, create movement, etc. of the icons of

GUI 160 to clearly indicate which component is in currently in use. In one embodiment,

GUI module 56 is configured to display icons 162-166 as a moving graphic of the

component currently in use. In this embodiment, the movement of the graphic may match

the movement experienced by the component. For example, guide wire icon 162 may be an

advancing, retracting, or rotating graphic of a guide wire when guide wire 142, is being

advanced, retracted, or rotated.

[0051] In another embodiment, GUI module 56 is configured to color code icons 162-166

based upon whether the corresponding component has been rendered inoperative by safety

lock module 62. For example, if the controls for guide wire 142 have been locked, GUI

module 56 may be configured to color guide wire icon 162 red. In addition, GUI module 56



may be configured to color code the image of a particular component shown in the x-ray

image of the patient's heart to correspond to the color of the corresponding icon. For

example, if guide wire icon 162 is colored green indicating that guide wire 142 is in use, the

image of guide wire 142 shown in the x-ray image may also be colored green.

[0052] In another embodiment, GUI module 56 may be configured to display icons 162-

166 in a manner that clearly indicates which controls are configured to operate which

component of beside system 12. In the exemplary embodiment of FIG. 4, GUI module 56

is configured to display icons 162-166 on touch screen 18 such that each icon is positioned

above the corresponding control. In one embodiment, the user may assign each of the

joysticks shown in FIG. 4 to control a particular component by positioning icons 162-166

over the joysticks. For example, if a user wanted the left most joystick to control the

working catheter, the user would touch working catheter icon 166 on touch screen 18 and

drag working catheter icon 166 to the portion of touch screen 18 above the left most

joystick. In another exemplary embodiment, if guide wire control 23 has a particular shape

and/or color, GUI module 56 may be configured to display guide wire icon 162 to have the

same shape and/or color as guide wire control 23. In another embodiment, GUI module 56

is configured to display GUI 160 during a simulated catheterization procedure is performed

using catheter procedure system 10.

[0053] In another embodiment, GUI module 56 may be configured to allow the user to

alter the display of image data by interacting with touch screen 18. In one embodiment,

GUI 160 may be displayed on touch screen 18 and GUI 160 may include an icon

representing the patient's heart. By touching portions of the icon representing the patient's

heart, the user may alter the display of real-time images during the performance of a real

catheterization procedure or may alter the display of a stored image during the performance

of a simulation procedure. For example the user may touch to coronary artery portion of the

heart icon to cause the display of the real-time images of the patient's heart to zoom in on

(e.g., magnify, increase the screen resolution, etc.) the coronary arteries displayed in the

real-time image.

[0054] In another embodiment, GUI module 56 is configured to display GUI 160

including icons that represent various information about the procedure currently being

preformed. In one embodiment, GUI module 56 displays an icon that shows the distance

moved by the various percutaneous intervention devices during the procedure. This

distance information may be obtained from encoders in bedside system 12, from the real-



time image data, and/or from one or more positional sensors located on the percutaneous

intervention devices. In another embodiment, GUI module 56 may display an icon that

shows a force that is acting on the percutaneous intervention devices. This force may be

generated by bedside system 12 or by a source within the patient (e.g., contraction of the

heart, etc.).

[0055] In another embodiment, GUI module 56 is configured to display an icon showing

the amount of contrast media that has been delivered to the patient during the procedure. In

one embodiment, this icon may also indicate the maximum amount of contrast agent that

can safely be delivered to the patient. This icon may also indicate the amount of contrast

agent that still may be delivered to the patient during the procedure. In one embodiment,

this icon may be a meter that has a bar that increases as the amount of contrast media

delivered increases. In another embodiment, GUI module 56 is configured to display an

icon showing the amount of radiation that has been delivered to a patient during a particular

procedure. This icon may also show the maximum amount of radiation that may be

delivered during the procedure and may also show the current amount of radiation delivered

as a percentage of the total that may be delivered.

[0056] In another embodiment, GUI module 56 is configured to display an icon providing

information regarding the state of contraction of the heart. Providing this information to the

user may allow the user to time operation of various percutaneous intervention devices to a

particular stage of the heart beat. For example, the user may want to inject contrast media

into the coronary arteries during diastole to prevent dilution of the contrast media that may

occur when the heart contracts moving blood through the coronary arteries. In one

embodiment, GUI module 56 displays an icon indicating when contrast media should be

introduced. In another embodiment, controller 40 automatically injects contrast agent

during the appropriate state of contraction of the heart. As another example, the user may

time movement of the guide wire so that the guide wire is moved during diastole because

the amount of contact (and consequently the resulting frictional force) between the guide

wire and the interior wall of the blood vessel tends to be lower during diastole. In one

embodiment, GUI module 56 displays an icon of a beating heart that matches the beating of

the patient's heart. In another embodiment, GUI module 56 displays an electrocardiogram

graph.

[0057] In other embodiments, GUI module 56 is configured to display icons indicating

various physiological data of the patient. In one embodiment, GUI module 56 displays one



or more icons indicating the patient's heart rate, respiratory rate, blood pressure, body

temperature, etc. In another embodiment, GUI module 56 may be configured to display

icons to indicate that the patient is experiencing a medical problem. For example, GUI

module 56 may be configured to display an icon indicating that patient 2 1 is experiencing

cardiac arrest or a seizure, that the patient's breathing has stopped, etc. Display of icons

indicating a problem with the patient may be based upon the various measurements taken by

patient sensors 35 (e.g., heart rate, blood pressure, etc.) during the catheterization procedure

or based upon an automated analysis of the real time images of the patient's heart taken

during the procedure.

[0058] In other embodiments, GUI module 56 is configured to display GUI 160 including

icons that represent various aspects of catheter procedure system 10. In one embodiment,

GUI module 56 is configured display a graphical display of the motors, actuators, encoders,

etc. that are currently in use or in motion within bedside system 12. In one embodiment,

GUI module 56 is configured to display one or more icons (e.g., on/off icons, mute icon,

volume icon, etc.) to allow the user located at workstation 14 to control various aspects of

the communication system. In another embodiment, GUI module 56 is configured to a

display a graphic that indicates that patient 2 1 located within lab unit 11 is trying to

communicate using lab unit mic 15.

[0059] In another embodiment, GUI module 56 may be configured to display an icon

indicating various information regarding a particular component that is being used with

bedside system 12. For example, if a guide wire of a certain size made by a certain

manufacturer is being used with bedside system 12, the icon displayed by GUI module 56

will indicate the size and manufacturer of the guide wire. In one embodiment, specific

percutaneous intervention devices may include radio frequency identification tags (RFID

tags) that include information which identifies the particular component, and catheter

procedure system 10 may include an RFID reader to read the RFID tags. In this

embodiment, the icon identifying the component displayed by GUI module 56 is based

upon the information read from the RFID tag associated with the component.

[0060] In another embodiment, GUI module 56 will display a menu listing all of the

specific percutaneous intervention devices that may be used with bedside system 12. The

user then may select from the menu which component will be used with bedside system 12.

Various modules of controller 40 may utilize information about specific percutaneous

intervention devices to provide the functionalities of the modules. For example, procedure



module 50 may utilize this information to ensure that proper display of information during a

catheterization procedure.

[0061] In another embodiment, GUI module 56 is configured to display an icon that

represents the angioplasty balloon and/or stent that the working catheter is equipped with.

In one embodiment, GUI module 56 is configured to display a graphical representation of

the balloon and/or stent that expands as the real balloon or catheter expands allowing the

user to conveniently see the current state of expansion. In another embodiment, GUI

module may be configured to display a bar graph indicating the percentage of the balloon or

stent expansion.

[0062] In another embodiment, GUI module 56 is configured to display icons representing

various information based upon interaction with bedside system 12. In one embodiment, if

a physician, nurse, technician, etc. working within lab unit 11 performs an action indicating

that a new patient will be operated on in lab unit 11, GUI module 56 may display an icon

prompting the user at workstation 14 to load or access the records and/or patient history of

the next patient to undergo a procedure within lab unit 11. One event that may trigger the

display of this icon is the loading of new percutaneous intervention devices (e.g., a new

cassette, etc.) into bedside system 12. In one embodiment, controller 40 may record a

summary or produce a summary report of every display generated by GUI module 56

during a catheter based procedure. In one embodiment, the summary report includes all of

the details of a catheter based medical procedure (e.g., time, movement of devices, types of

devices used, etc.).

[0063] Controller 40 also includes a safety lock module 62. Safety lock module 62 is

configured to lock, render inoperative, inactivate, etc., one or more portions of controls 16

when the component of bedside system 12 (e.g., guide wires, catheters, catheter balloons,

stents, contrast media, medicine, etc.) that corresponds to the inactive portion of control 16

is not currently in use. This may prevent accidental or inadvertent operation of the inactive

control or controls. For example, in the embodiment shown in FIG. 4, when the operator is

moving a guide wire via operation of guide wire control 23, working catheter control 25 and

guide catheter control 29 may be rendered inoperative such that if the user accidentally

operates (e.g., inadvertently touches, bumps, etc.) either control, there will be no

corresponding movement of the working catheter or the guide catheter. Controls 16 may

include a switch, toggle or other means that is configured to allow the user to switch various

controls between active and inactive states (e.g., controls 210 and 220 discussed below).



[0064] In one embodiment, safety lock module 62 inactivates one or more of the controls

by preventing the inactive control from generating a control signal (e.g., the inactive control

may be disconnected from a power source). In another embodiment, safety lock module 62

inactivates one or more of the controls by preventing the transmission of a control signal

from the inactive control. This may be accomplished by introducing a reversible break in

one of the communication links 38 that connect the inactive control to bedside system 12.

In another embodiment, safety lock module 62 inactivates one or more of the controls by

causing bedside system 12 or one of the intermediate subsystems of controller 40 (e.g.,

procedure control module 50) to ignore the control signal generated by the inactive control.

[0065] Controller 40 also includes maintenance module 64. Maintenance module 64 is

configured to allow a technician to perform various maintenance tasks on catheter

procedure system 10. Maintenance module 64 may allow a technician to calibrate various

components of catheter procedure system 10 (e.g., motors within bedside system 12,

controls 16, etc.). Maintenance module 64 may also be configured to allow the technician

to reinstall, update, upgrade, etc. any of the software components of catheter procedure

system 10. Maintenance module 64 may also be configured to allow the technician to

perform diagnostic tests to aid in the isolation and repair of a malfunction. In one

embodiment, maintenance module 64 is configured to allow the technician to switch

between a maintenance mode, and/or procedure mode.

[0066] Controller 40 also includes measurement module 66. Measurement module 66 is

configured to measure the length of a structure utilizing catheter procedure system 10 by

measuring the distanced moved by a percutaneous device as the percutaneous device

traverses the length of the structure. In this embodiment, catheter procedure system 10

includes one or more devices or components for measuring the distance moved by the

percutaneous device (e.g., guide wire 142). For example, bedside system 12 maybe

equipped with one or more encoders that measure movement of rollers that impart

movement to the guide wire. In other embodiments, however, other measurement devices

for determining the amount of guide wire movement may be used.

[0067] Referring to FIGS. 7 and 8, an exemplary embodiment of measurement module 66

is described for measuring the length of a vascular lesion. As shown in FIG. 7, lesion 140

includes a distal end 152 and a proximal end 154, and guide wire 142 includes a distal tip

150. Referring to FIG. 8, to measure the length of lesion 140, at step 170 the user operates

controls 16 to cause bedside system 12 to move guide wire 142 so that distal tip 150 of



guide wire 142 is aligned with distal end 152 of lesion 140. The user then activates

measurement module 66 by, for example, selecting a measurement mode icon displayed on

touch screen 18. With measurement module 66 activated, at step 172, the user operates

controls 16 to cause guide wire 142 to retract. At step 174, the user continues to operate

controls 16 to retract guide wire 142 until distal tip 150 of guide wire 142 is aligned with

proximal end 154 of lesion 140. Next the user indicates that distal tip 150 of guide wire 142

is aligned with proximal end 154 of lesion 140 by, for example, selecting a measurement

complete icon displayed on touch screen 18. At step 176, measurement module 66

calculates the distance that guide wire 142 was retracted between distal end 152 and

proximal end 154 of lesion 140. In one embodiment, the distance that guide wire 142 was

retracted is determined from a device, such as an encoder, that measures (directly or

indirectly) the distance that guide wire 142 travels as discussed above. The distance that

guide wire 142 was retracted is approximately the same length of lesion 140. At step 178,

measurement module 66 then causes the display of the lesion length to the user.

[0068] The length of the lesion may then be used to select the appropriate size device

(e.g., stent, angioplasty balloon, etc.) for treatment of the lesion. In one embodiment, the

user performs measurement of the lesion by watching the positioning of the guide wire

relative to the lesion on the live, real-time angiographic images of the patient displayed on

monitor 26 and/or 28. In another embodiment, lesion length may be measured by

measuring the length of the 2D angiographic image of the lesion. However, because the 2D

image of the lesion may distort the 3-dimensional length of the lesion, indirect measurement

of lesion length by measuring guide wire movement, as discussed above, often results in a

more accurate measurement of lesion length than measurement from a 2D image.

[0069] In various embodiments, distal tip 150 of guide wire 142 is configured to facilitate

location by the user. In one embodiment, distal tip 150 may be configured to be easily seen

on an x-ray based image of the patient. For example, distal tip 150 of guide wire 142 may

be made more radio-opaque than the rest of guide wire 142. In another embodiment, distal

tip 150 of guide wire 142 emits radiation that is detected by imaging system 32.

[0070] In various embodiments, measurement module 66 may be integrated with other

devices or systems to provide additional and/or different measurements of various lesion

characteristics. For example, measurement module 66 may be configured to utilize an

intravascular ultrasound (IVUS) catheter system and/or an optical coherence tomography

(OCT) system to measure various characteristics of a lesion and to cause a display of



information related to the measured characteristic on one or more of the display devices of

workstation 14. In addition to lesion length, measurement module 66 may be configured to

utilize one or more measurement systems to measure and display information related to

characteristics of a lesion in addition to lesion length (e.g., amount of vascular occlusion,

degree of calcification, etc.).

[0071] Referring to FIG. 9, in one exemplary embodiment, GUI module 56 may be

configured to cause the display of a graphical user interface (GUI) 200. In the embodiment

shown, GUI 200 includes a guide wire panel 202, a working catheter panel, shown as

balloon/stent panel 204, system panel 206, and a device engagement panel 208. In the

embodiment shown, GUI 200 is displayed on touch screen 18 allowing the user to interact

with the various icons by touching the touch screen generating inputs to be processed by the

appropriate modules or subsystems of controller 40. In other embodiments, GUI 200 may

be displayed on a non-touch screen display with the user interacting with the icons via one

or more input device (e.g., mouse, keyboard, etc.). In the embodiment shown, GUI 200, in

combination with the other control elements of control 16 (e.g., guide wire control 23,

working catheter control 25, etc.), allows a user to control bedside system 12 to move a

guide wire and/or a working catheter equipped with a balloon and/or stent to perform a

procedure. It should be understood that, while the embodiment of GUI 200 shown relates

primarily to the control of a guide wire and a working catheter equipped with a balloon

and/or stent, GUI 200 may be modified for the display and control of any device (e.g., guide

catheter, imaging catheter, etc.) that may be operated via workstation 14.

[0072] In the embodiment shown, guide wire panel 202 includes various GUI elements

related to the control and position of the guide wire. Guide wire panel 202 includes an

activation control 210, a guide wire speed indicator 212, a guide wire measurement control

214, a guide wire axial step control 216, and a guide wire rotational step control 218.

Balloon/stent panel 204 includes various GUI elements related to the control and position of

the balloon and/or stent. Balloon/stent panel 204 includes an activation control 220,

balloon/stent speed indicator 222, a balloon/stent measurement control 224, and a

balloon/stent axial step control 226.

[0073] In the embodiment of FIG. 9, controls 210 and 220 allow the user to implement the

functionality of safety lock module 62 discussed above. Guide wire activation control 210

allows a user to toggle the guide wire related controls between active and inactive states.

Activation control 210 includes a status icon 228 and a toggle button 230 which is pressed



by the user to toggle between the active and inactive states. In the embodiment shown,

button 230 includes an icon representative of the guide wire control 23 (a joystick in the

embodiment shown). When control 210 is toggled to the inactive state, the guide wire

control elements (e.g., control 23, controls of guide wire panel 202) are disabled such that if

a user interacts with one of the control elements there will be no corresponding movement

of the guide wire caused by bedside system 12. When the guide wire controls are inactive,

status icon 228 and button 230 are displayed in a first color (e.g., grey, red, etc.) to indicate

to the user that the guide wire control elements are inactive. When control 210 is toggled to

the active state, the guide wire control elements (e.g., control 23, controls of guide wire

panel 202) are enabled such that if a user manipulates one of the control elements bedside

system 12 will cause the guide wire to move based on the manipulation of the control.

When the guide wire controls are active, status icon 228 and button 230 are displayed in a

second color (e.g., green, blue, etc.) to indicate to the user that the guide wire control

elements are active.

[0074] Balloon/stent activation control 220 allows a user to toggle the working catheter

related controls between active and inactive states. Activation control 220 includes a status

icon 232 and a toggle button 234 which is pressed by the user to toggle between the active

and inactive states. In the embodiment shown, button 234 includes an icon representative of

working catheter control 25 (a joystick in the embodiment shown). When control 220 is

toggled to the inactive state, the working catheter control elements (e.g., control 25, controls

of balloon/stent panel 204) are disabled such that if a user interacts with one of the control

elements there will be no corresponding movement of the working catheter caused by

bedside system 12. When the working catheter controls are inactive, status icon 232 and

button 234 are displayed in a first color (e.g., grey, red, etc.) to indicate to the user that the

working catheter control elements are inactive. When control 220 is toggled to the active

state, the working catheter control elements (e.g., control 25, controls of balloon/stent panel

204) are enabled such that if a user manipulates one of the control elements bedside system

12 will cause the working catheter (and any balloon/stent that the working catheter is

equipped with) to move based on the manipulation of the control. When the working

catheter controls are active, status icon 232 and button 234 are displayed in a second color

(e.g., green, blue, etc.) to indicate to the user that the working catheter control elements are

active.



[0075] In use the user may toggle the currently active set of controls to the inactive state

before toggling the other set of controls to the active state. However, in one embodiment,

safety lock module 62 may be configured to allow both the guide wire controls and the

working catheter controls to be active at the same time if both control 210 and 220 are

toggled to the active state by the user. In another embodiment, safety lock module 62 may

be configured to prevent both the guide wire controls and the working catheter controls to

be active at the same time requiring the user to inactivate one set of controls before

activating the other set of controls. In one embodiment, when the controls for the device are

inactivated, safety lock module 62 is configured to cause bedside system 12 to hold the

position of the device fixed until the controls for the device are reactivated (i.e., the device

does not move relative to the drive mechanisms of bedside system 12 and/or relative to the

patient). For example, the drive mechanisms of bedside system 12 may be configured to

engage the inactive device with enough force to prevent unwanted movement of the device

relative to the bedside system and/or to the patient.

[0076] Guide wire speed indicator 212 provides information to the user regarding the

current movement of the guide wire. As shown, guide wire speed indicator 212 includes a

linear or axial speed indicator 236 to display information related to the linear speed of the

guide wire and a rotational speed indicator 238 to display information related to the

rotational speed of the guide wire. Linear speed indicator 236 includes a vertically

displayed bar 240 extending between a maximum forward icon 242 indicating the

maximum forward speed, a maximum reverse icon 244 indicating the maximum reverse

speed of the guide wire, and an origin 246 indicating zero linear movement. As the user

manipulates the guide wire controls to advance or retract the guide wire, bar 240 between

origin 246 and either icon 242 or icon 244 changes color in proportion to the speed of the

guide wire. For example, if the guide wire is currently being advanced at half of the

maximum speed, the first half of vertical bar 240 extending above origin 246 changes color.

[0077] Rotational speed indicator 238 includes a curved horizontally displayed bar 248

extending between a left (i.e., counterclockwise) rotation icon 250 indicating the maximum

left rotational speed and a right (i.e., clockwise) rotation icon 252 indicating the maximum

right rotational speed. As the user manipulates the guide wire controls to rotate the guide

wire, bar 248 between origin 246 and either icon 250 or icon 252 changes color in

proportion to the rotational speed of the guide wire. For example, if the guide wire is



currently being rotated at half the maximum speed to the right, the first half of horizontal

bar 248 extending from origin 246 toward right rotation icon 252 changes color.

[0078] Balloon/stent speed indicator 222 provides information to the user regarding the

current movement of the balloon/stent that the working catheter is equipped with. In the

embodiment shown, indicator 222 provides information related to the linear speed of the

working catheter. Indicator 222 includes a vertical bar 256 extending between a maximum

forward icon 258 indicating the maximum forward speed, a maximum reverse icon 260

indicating the maximum reverse speed, and an origin 262 indicating zero linear movement.

As the user manipulates the working catheter controls to advance or retract the

balloon/stent, bar 256 between origin 262 and either icon 258 or icon 260 changes color in

proportion to the speed of the balloon/stent. For example, if the balloon/stent is currently

being advanced at half of the maximum speed, the first half of vertical bar 256 extending

above origin 262 changes color.

[0079] Guide wire measurement control 214 includes a reset button 264, a save button

266, distance indicator 268, and a stored distance indicator 270. When pushed, reset button

264 resets the value displayed by distance indicator 268 causing distance indicator 268 to

display 000.0. As the guide wire is advanced and retracted, distance indicator 268 displays

the net distance that the guide wire has moved since the last time reset button 264 was

pushed (in mm in the embodiment shown). In this manner, distance indicator 268 displays

the length of the path that the guide wire traveled from the point when the reset button was

pushed to its current position. Thus, distance indicator 268 provides information regarding

the current position of the guide wire relative to the position when reset button 264 was last

pushed. When save button 266 is pushed, the current value displayed in distance indicator

268 is saved and displayed in stored distance indicator 270.

[0080] In the embodiment of FIG. 9, the functionality of measurement module 66 is

provided via guide wire measurement control 214. To measure the length of a lesion using

guide wire measurement control 214, the user will press reset button 264 when the tip of the

guide wire is aligned with the distal tip of the lesion. The user will then retract the guide

wire until the distal tip of the guide wire is aligned with the proximal tip of the lesion.

When aligned, the user will press save button 266. The number displayed in stored distance

indicator 270 will be the distance that the guide wire traveled from the distal to proximal

ends of the lesion. The distance traveled using this procedure provides a measurement of

the length of the lesion.



[0081] Balloon/stent measurement control 224 includes a reset button 272, a save button

274, a distance indicator 276, and a stored distance indicator 278. When pushed, reset

button 272 resets the value displayed by distance indicator 276 causing distance indicator

276 to display 000.0. As the working catheter is advanced and retracted, distance indicator

276 displays the net distance that the working catheter has moved since the last time reset

button 272 was pushed. In this manner, distance indicator 276 displays the length of the

path that the working catheter traveled from the point when the reset button was pushed to

its current position (in mm in the embodiment shown). When save button 274 is pushed,

the current value displayed in distance indicator 276 is saved and displayed in stored

distance indicator 278.

[0082] The positional information displayed in distance indicators 268, 270, 276, and/or

278 may be used by the user to help in positioning the guide wire or stent/balloon,

respectively. For example, the user may know the distance that the guide wire must travel

to reach a particular point within the patient. Thus, for example, the positional information

displayed in the various indicators helps the user determine if the device has been moved

too far, not far enough etc. In addition, knowing the remaining distance to a particular point

may allow a user to plan upcoming movements of the device. For example, the user may

begin to rotate the guide wire some distance before a branch in the patient's vascular system

so that the guide wire is properly aligned when the tip of the guide wire reaches the branch.

[0083] Guide wire panel 202 includes a guide wire axial step control 216 and a guide wire

rotational step control 218. Axial step control 216 includes an advance button 280 and a

retract button 282 that, when pushed, cause bedside system 12 to advance or retract,

respectively, the guide wire by the step distance associated with button 280 and/or 282. In

the embodiment shown, the step distance for both button 280 and 282 is 1 mm. Rotational

step control 218 includes a left rotation button 286 and a right rotation button 288 that,

when pushed, cause bedside system 12 to rotate the guide wire to left or right, respectively,

by the angular step associated with button 286 and/or 288. In the embodiment shown, the

angular step distance for both button 286 and 288 is 30 degrees. In other embodiments,

other step distances are associated with the step controls (e.g., 1 mm, 2 mm, 3 mm, etc.

axial steps, and 10 degree, 15 degree, 20 degree, 40 degree, etc. rotational steps).

[0084] Balloon/stent panel 204 includes a balloon/stent axial step control 226.

Balloon/stent axial step control 226 includes an advance button 290 and a retract button 292

that, when pushed, cause bedside system 12 to advance or retract, respectively, the



balloon/stent equipped working catheter by the step distance associated with button 290

and/or 292. In the embodiment shown, the step distance for both button 290 and 292 is 1

mm. In other embodiments, the steps associated with the various buttons need not be the

same. For example, the retract step may be 2 mm and the advance step may be 1 mm.

[0085] System panel 206 includes a bedside system status indicator 294, a control

indicator 296, a menu button 298, and volume buttons 300. Bedside system status indicator

294 displays information related to the current operating status of bedside system 12. In the

embodiment shown, indicator 294 indicates that the drive elements of bedside system 12

that impart movement to the guide wire and working catheter are engaged. Indicator 294

may indicate other states of bedside system 12 (e.g., disengaged, covers open, no power,

various error messages, etc.). Control indicator 296 displays information related which

controls are active. As shown, control indicator 296 indicates that the guide wire joystick

control (i.e., an embodiment of guide wire control 23) is active. Volume buttons 300 allow

the user to increase or decrease the volume of various auditory alerts and signals generated

by workstation 14. When pushed, menu button 298 causes a drop down menu with various

options to be displayed. In one embodiment, the drop down menu displayed by pushing

menu button 298 includes a cancel/return button that closes the drop down menu, a restart

application button that restarts the software of workstation 14, an exit/shut down option that

powers down controls 16 and/or workstation 14, and an "about software" button that

displays information related to the version of the software installed on workstation 14.

[0086] GUI 200 includes a device engagement panel 208. Device engagement panel 208

includes an engage/disengage control 302 and a bedside system indicator 304.

Engage/disengage control 302, when pushed by the user, causes bedside system 12 to move

between a loading position and a use position. If bedside system 12 is currently in the

loading position, pressing control 302 will cause bedside system 12 to move to the engaged,

use position. If bedside system 12 is currently in the use position, pressing control 302 will

cause bedside system to move to the disengaged, loading position. In the loading position,

the various drive mechanisms of bedside system 12 are disengaged from the percutaneous

devices (e.g., guide wire, working catheter, etc.) of bedside system 12 and the covers are

unlocked and opened. In the loading position, new percutaneous devices may be loaded

into bedside system 12 and the current percutaneous devices may be removed. In the use

position, the various drive mechanisms of bedside system 12 are engaged with the



percutaneous devices of bedside system 12 such that bedside system 12 is able to impart

movement to the devices and the covers are closed and locked.

[0087] In the embodiment shown, engage/disengage control 302 includes a lock icon 310.

Lock icon 310 provides an indication to the user regarding whether pushing control 302 will

results in engagement or disengagement of bedside system 12 from the percutaneous

devices. For example, if lock icon 310 is shown unlocked, as in FIG. 9, pushing control 302

will cause bedside system 12 to move from the engaged, use position to the disengaged,

loading position. If lock icon 310 is shown locked (not shown), pushing control 302 will

cause bedside system 12 to move from the disengaged, loading position to the engaged, use

position.

[0088] Bedside system indicator 304 provides information related to the current position

(e.g., loading, use) of bedside system 12. For example, indicator 304 indicates whether

bedside system 12 is in the disengaged, loading position or the engaged, use position. In

one embodiment, indicator 304 is displayed in one color (e.g., green, blue, etc.) if bedside

system 12 is in the engaged, use position and in a second color (e.g., yellow, red, etc.) if

bedside system 12 is in the disengaged, loading position. In the embodiment shown,

indicator 304 may also include a lock icon 306. If lock icon 306 is shown locked, as in FIG.

9, bedside system 12 is currently in the engaged, use position. If lock icon 306 is shown

unlocked, bedside system 12 is currently in the disengaged, loading position.

[0089] Indicator 304 also includes a percutaneous devices icon 308 that provides an

indication of the types of percutaneous devices that bedside system is equipped with. For

example, as shown, devices icon 308 indicates that bedside system 12 is equipped with a

guide wire and a stent-equipped working catheter. In other embodiments, devices icon 308

may show different and/or more detailed information (e.g., make, model, size, type, etc.) of

the devices that bedside system 12 is equipped with.

[0090] The exemplary embodiments illustrated in the figures and described herein are

offered by way of example only. Accordingly, the present application is not limited to a

particular embodiment, but extends to various modifications that nevertheless fall within the

scope of the appended claims and also extends to any combination of the features or

elements described herein or set forth in the claims.

[0091] The construction and arrangement of the systems and methods as shown in the

various exemplary embodiments are illustrative only. Although only a few embodiments

have been described in detail in this disclosure, many modifications are possible (e.g.,



variations in sizes, dimensions, structures, shapes and proportions of the various elements,

values of parameters, mounting arrangements, use of materials, colors, orientations, etc.).

For example, the position of elements may be reversed or otherwise varied and the nature or

number of discrete elements or positions may be altered or varied. All such modifications

are intended to be included within the scope of the present disclosure.

[0092] The order or sequence of any process or method steps may be varied or re-

sequenced according to alternative embodiments. Also two or more steps may be

performed concurrently or with partial concurrence. Such variation will depend on the

software and hardware systems chosen and on designer choice. All such variations are

within the scope of the disclosure. Likewise, software implementations could be

accomplished with standard programming techniques with rule based logic and other logic

to accomplish the various connection steps, processing steps, comparison steps and decision

steps. Other substitutions, modifications, changes, and omissions may be made in the

design, operating conditions and arrangement of the exemplary embodiments without

departing from the scope of the present disclosure.



WHAT IS CLAIMED IS:

1. A remote workstation for the control of percutaneous intervention devices

comprising:

a control system for remotely and independently controlling at least two

percutaneous intervention devices, the control system including at least one input device to

control the percutaneous intervention devices, wherein the control system controls

movement of at least one of the percutaneous intervention devices along at least two

degrees of freedom; and

a graphical user interface for displaying icons representative of the

operational status of each of the percutaneous intervention devices.

2 . The remote workstation of claim 1 wherein the percutaneous intervention

devices include a catheter guide wire and a working catheter.

3 . The remote workstation of claim 1 wherein the percutaneous intervention

devices include at least one of a guide catheter, a stent, and an angioplasty balloon.

4 . The remote workstation of claim 1 wherein the at least two degrees of

freedom include axial movement and rotation of the at least one percutaneous intervention

devices.

5 . The remote workstation of claim 1wherein the graphical user interface

dynamically displays icons representative of the operational status of each of the

percutaneous intervention devices.

6 . The remote workstation of claim 5 wherein operational status includes an

indication of the current movement speed of the percutaneous device.

7 . The remote workstation of claim 1 wherein the icons are displayed in a first

color to indicate that a percutaneous intervention device is active and are displayed in a

second color to indicate that a percutaneous intervention device is inactive.

8. The remote workstation of claim 7 wherein, when a percutaneous device is

inactive, the control system is configured hold the inactive percutaneous device such that



the percutaneous device is not permitted to move axially relative to a patient on which a

procedure is being formed.

9 . The remote workstation of claim 1 wherein the icons provide a visual

indication of movement of the interventional devices.

10. The remote workstation of claim 1 wherein the icons provide a visual

indication of the physical position of the at least one input device.

11. The remote workstation of claim 1 wherein the graphical user interface

displays a first additional icon representative of procedural information.

12. The remote workstation of claim 11 wherein the first additional icon is

representative of an amount of contrast agent delivered to a patient during a medical

procedure.

13. The remote workstation of claim 1 wherein the graphical user interface

displays a first additional icon that provides information regarding the percutaneous

intervention devices being controlled.

14. The remote workstation of claim 13 wherein the first additional icon

provides information of at least one of the type, manufacturer, size, and material of the

percutaneous intervention devices being controlled.

15. The remote workstation of claim 1 wherein the graphical user interface

displays a first additional icon representative of the state of contraction of the patient's

heart.

16. The remote workstation of claim 15 wherein the first additional icon is an

animated image of a beating heart that moves to match the state of contraction of the

patient's heart.

17. The remote workstation of claim 1 further comprising a touch screen,

wherein the graphical user interface displays an additional icon on the touch screen that is a

graphical representation of a heart, wherein the additional icon is touched to change a

display of a real-time image of the patient's heart.



18. The remote workstation of claim 1 further comprising a measurement

module configured to allow a user to measure the length of a structure by measuring the

distanced moved by a percutaneous device as the percutaneous device traverses the length

of the structure.

19. The remote workstation of claim 18 wherein the measurement module is

configured to cause the display of the measured length on a display device.

20. A remote workstation for the control of percutaneous intervention devices to

perform a catheter based medical procedure on a patient, the remote workstation

comprising:

at least one input device operatively coupled to the control system;

a control system for remotely and independently controlling at least two

percutaneous intervention devices, the control system receiving at least one user input from

the at least one input device to control the percutaneous intervention devices, wherein the

control system controls movement of the percutaneous intervention devices along at least

two degrees of freedom; and

a graphical user interface for displaying a first set of icons and a second set

of icons, wherein the first set of icons is representative of each of the percutaneous

intervention devices and the second set of icons is representative of physiological

information of the patient.

21. The remote workstation of claim 20 wherein the second set of icons includes

a first icon representative of the state of contraction of the patient's heart.

22. The remote workstation of claim 2 1 wherein the first icon is an animated

image of a beating heart that moves to match the state of contraction of the patient's heart.

23. The remote workstation of claim 2 1 wherein the first icon is an ECG graph.

24. The remote workstation of claim 20 wherein the second set of icons includes

a first icon representative of at least one of the patient's blood pressure and heart rate.

25. The remote workstation of claim 20 wherein the input device includes a

touch screen, and further wherein the graphical user interface displays a third set of icons on

the touch screen.



26. The remote workstation of claim 25 wherein the third set of icons includes a

first icon that is a graphical representation of a heart, wherein the first icon is touched to

change a display of a real-time image of the patient's heart.

27. The remote workstation of claim 26 wherein the display of the real-time

image of the patient's heart zooms in on a portion the patient's heart corresponding to a

portion of the first icon that is touched.

28. A remote workstation for the control of percutaneous intervention devices

located within a first lab unit, the remote workstation comprising:

a first input device;

a second input device;

a control system for remotely controlling a first percutaneous intervention

device and a second percutaneous intervention device, wherein the first and second input

devices are operatively coupled to the control system, and further wherein the control

system controls movement of the first and second percutaneous intervention devices along

at least two degrees of freedom in response to user input signals received from the first and

second input devices; and

a graphical user interface for displaying:

a first icon representative of the operational status of the first

percutaneous intervention device; and

a second icon representative of the operational status the second

percutaneous intervention device.

29. The remote workstation of claim 28 wherein the first input device may

control either the first percutaneous intervention device or the second percutaneous

intervention device, and further wherein the second input device may control either the first

percutaneous intervention device or the second percutaneous intervention device.

30. The remote workstation of claim 29 wherein the control system allows a user

to assign the first input device to control either the first percutaneous intervention device or

the second percutaneous intervention device and allows the user to assign the second input

device to control the other of the first percutaneous intervention device or the second

percutaneous intervention device.



31. The remote workstation of claim 28 wherein the control system remotely

controls a third percutaneous intervention device and a fourth percutaneous intervention

device, the third and fourth percutaneous intervention device located within a second lab

unit.

32. The remote workstation of claim 28 further comprising a communication

system allowing communication between a user located at the remote workstation and a

patient located within the lab unit.

33 . The remote workstation of claim 28 wherein the control system allows the

user to vary the movements of the first and second percutaneous devices that result from the

user inputs received from the first and second input devices.

34. The remote workstation of claim 28 wherein the first and second input

devices provide haptic feedback to a user.

35 . The remote workstation of claim 28 wherein the graphical user interface

displays a third icon representative of a medical problem experienced by the patient.

36. The remote workstation of claim 35 wherein the third icon is representative

of at least one of a heart attack, a seizure, a cessation of breathing, and a sudden drop in

blood pressure.

37. The remote workstation of claim 28 wherein the graphical user interface

displays a menu showing different types of percutaneous devices that are available in an

inventory of the hospital.

38. The remote workstation of claim 28 further including a third input device to

control injection of contrast agent.

39. The remote workstation of claim 28 further including a third input device to

control inflation of an angioplasty balloon.

40. The remote workstation of claim 28 wherein the graphical user interface

displays a summary report following the completion of a catheter based medical procedure.



41. A method for measuring the length of a structure during a percutaneous

procedure comprising:

aligning a portion of a percutaneous device with a first end of the structure;

moving the percutaneous device so that the portion of the percutaneous

device moves from the first end of the structure to a second end of the structure;

aligning the portion of the percutaneous device with the second end of the

structure;

measuring the distance moved by the percutaneous device to move the

portion of the percutaneous device between the first end and the second end of the

structure; and

providing information to the user regarding the measured distanced.

42. The method of claim 4 1 wherein the percutaneous device is a guide wire, and

the portion is a distal tip of the guide wire.

43. The method of claim 4 1 wherein the structure is a vascular lesion.

44. The method of claim 4 1 wherein providing information includes displaying

the measured distance on a display.

45. The method of claim 4 1 further comprising selecting a second percutaneous

device based upon the measured distance.

46. The method of claim 45 wherein the second percutaneous device is one of a

stent or an angioplasty balloon.
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