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INDEPENDENT SURGICAL CENTER

FIELD OF THE INVENTION

[0001] The present invention relates generally to surgical systems, and more particularly

to a surgical system inclulding instrumentation that is operable without an external control

console.

BACKGROUND OF THE INVENTION

[0002] Innovations in medical surgery have allowed many to recover from ailments

previously thought unbeatable or incurable. For example, various ophthalmic surgical

procedures have been developed which repair portions of the human eye, including internal

components of the eye, to relieve different visual ailments. As medical surgery develops and

expands into new areas of the human body, often with limited accessibility, more complex

surgical instrumentation is developed. Furthermore, the more complex the surgical

instrumentation, generally the greater demand there is for precision of the surgical

instrumentation.

[0003] To increase precision and accuracy in surgical procedures, control consoles are

often integrated into surgical systems. Control consoles may be used, for example, to adjust

the control parameters of the various surgical instruments being used, to monitor the status of

the surgical instruments, and to perform rapid calculations and provide feedback to doctors

and other medical personnel to assist in determining how to proceed with the surgical

procedure. Ophthalmic surgical procedures are no different. For example, a vitrectomy,

which involves the surgical removal of fluid within the eye, is generally performed using

instrumentation driven by a computer system housed in a large control console. The control

console is generally stationary or housed in a large rolling unit outside the sterile barrier, and

includes device modules which directly connect to the surgical instrumentation. With the

control console located outside the sterile barrier, the surgeon or other qualified practitioner

operates the instrumentation at the patient level, while at least one other medical personnel

operates the controls at the control console at the direction of the surgeon.



SUMMARY OF THE INVENTION

[0004] Embodiments of the present invention are directed to an independently operable

surgical system for conducting surgeries and medical procedures, such as, for example,

vitrectomies and other ophthalmic surgical procedures.

[0005] According to one embodiment of the invention, an independent system for a

surgical procedure is comprised of a control device including a processing unit; and a

plurality of instruments associated with the surgical procedure and operably coupled to the

control device, wherein the control device and the plurality of instruments are prepackaged

together, and the processing unit is configured to control at least one of the prepackaged

instruments. The instruments may be electrical instruments.

[0006] According to another embodiment of the invention, a surgical system is comprised

of a portable surgical tray including a processing unit; a plurality of instruments operably

coupled to the processing unit; and a user input device providing a user input for controlling

an operating parameter of one or more of the plurality of instruments, wherein the processing

unit is configured to receive the user input and transmit an operating command to the one or

more of the plurality of instruments.

[0007] In yet another embodiment of the invention, a self-powered surgical system for a

surgical procedure is comprised of a surgical tray; a plurality of handheld instruments; a

power source in at least one of the surgical tray and a handheld instrument; and a processing

unit, wherein the processing unit is configured to execute program instructions, the program

instructions including instructions for: detecting power from the at least one power source;

directing power to the plurality of handheld instruments from at least one power source; and

establishing communication with each of the plurality of handheld instruments.

[0008] According to one embodiment, a portable biological cutting and aspiration device

includes: a cutting tip; a fluid aspiration device; and an integrated control unit coupled to the

cutting tip and fluid aspiration device, wherein the control unit is configured to control

cutting and aspiration of the cutting tip and fluid aspiration device.

[0009] According to one embodiment, a portable infusion and aspiration device includes:

an aspiration chamber; an aspiration line coupled to a biological tissue cutting and aspiration

device, the aspiration line configured to suction matter dislodged from a surgical site into the

aspiration chamber; an infusion chamber having an infusion solution; an infusion line

coupled to the infusion chamber and configured to inject the infusion solution to the surgical



site for maintaining pressure in the surgical site, wherein the aspiration chamber and infusion

chamber are included in a single, disposable cassette.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of various instruments inserted into the eye in the course

of performing a vitrectomy;

[0011] FIG. 2a is a block diagram of a surgical system including an independent surgical

center 10 according to one embodiment of the invention;

[0012] FIG. 2b is a schematic illustration of an independent surgical center embodied as a

surgical tray in accordance with one embodiment of the invention;

[0013] FIG. 3 is a block diagram of the internal components of an independent surgical

center in accordance with one embodiment of the invention;

[0014] FIG. 4 is a flow diagram of an initialization and communication establishment

process for an independent surgical center in accordance with one embodiment of the

invention;

[0015] FIG. 5 is a block diagram of an independent surgical center embodied as a

surgical tray in communication with a handpiece in accordance with one embodiment of the

invention;

[0016] FIG. 6 is a flow diagram of a process executed by the processing unit of the

independent surgical center in accordance with one embodiment of the invention;

[0017] FIG. 7 is an alternate embodiment of an independent surgical center in accordance

with aspects of the invention;

[0018] FIG. 8 is a block diagram of an independent surgical center embodied as the

infusion/aspiration cartridge in accordance with one embodiment of the invention; and

[0019] FIG. 9 is a block diagram of yet another alternate embodiment of an independent

surgical center in accordance with one embodiment of the invention.

DETAILED DESCRIPTION

[0020] FIG. 1 is a block diagram of various instruments inserted into the eye in the course

of performing a vitrectomy. Vitreous is a normally clear, gel-like substance that fills the

center of the eye, for example, eye 101. hi some instances, blood, debris, or scar tissue may



collect in the vitreous, partially or fully obstructing vision. In these instances, a vitrectomy,

or surgical removal of all or a part of the eye's vitreous, may be performed.

[0021] To perform a vitrectomy, a number of incisions are made into the sclera 103, the

white portion of the eye. Various instruments access the center of the eye through the

incisions. The inserted instruments in FIG. 1 include a handheld biological tissue cutter and

fluid aspiration tool ("handpiece") 105, an illumination device 107, and an infusion device

109. The handpiece includes a biological tissue cutter for cutting or dislodging portions of

the eye's vitreous, as well as an aspirator for removal of the cut or dislodged portions. The

infusion device is used to replace fluid and maintain proper pressure in the eye. The

illumination device is used as a light source to see into the center of the eye during the

procedure.

[0022] The present invention is directed to an independent surgical system operable

without the use of an external surgical console. In some embodiments, for example, a

modular surgical system consists of independent surgical instrumentation. The surgical

instrumentation may include, for example, a series of interlinked handheld instruments, such

as the cutting handpiece and the illumination device. In some embodiments, the individual

instruments contain self-sustaining operating intelligence and are not dependent on

commands from a control source, providing a surgeon or other medical practitioner with full

and independent control of each individual instrument within a sterile field.

[0023] Although the independent surgical center is described herein mainly in connection

with vitrectomy procedures, a person of skill in the art should recognize that the center may

also be configured for other medical procedures performed on all tissue including the eye or

other parts of the human body. For example, phacoemulsification involves the removal of a

lens of an eye using a similar handpiece including an ultrasonic cutter and an aspirator. For

various other applications, instruments may include, for example, different cutters,

vacuuming devices, irrigation devices, viewing devices, and/or illumination devices, among

others. According to one embodiment of the invention, most, if not all, of the instruments of

a particular system contain the circuitry and power to control and operate themselves

independently of each other. In some embodiments, the instruments may communicate with

each other via a wireless connection, and one instrument may act as a main processing or

control unit. Therefore, while the description may often refer to details of embodiments of

the invention configured for a vitrectomy, the description is not intended to represent the only

application in which the invention may be utilized. While different procedures may involve



slightly different embodiments, it is to be understood that equivalent functions and structures

may be realized by the different embodiments that are also intended to be encompassed

within the spirit and scope of the invention.

[0024] FIG. 2a is a block diagram of a surgical system including an independent surgical

center 10 according to one embodiment of the invention. The independent surgical center 10

acts as a control device for the surgical system and is operably coupled to one or more

medical instruments, such as, for example, one or more viewing devices 12, infusion devices

14, irrigation devices 16, illumination devices 18, and cutting devices 20, over wired or

wireless connections 24f, 24e, 24d, 24c, 24b. The independent surgical center 10 is also

operably coupled to other devices 22 over wired or wireless connection 24a. Such other

devices may include, but are not limited to, foot pedals, secondary display screens, audio

outputs, and the like.

[0025] According to one embodiment of the invention, the independent surgical center 10

is further optionally coupled to a personal surgical center over connection 24g. Preferably,

connection 24g is a wireless connection, although the connection may alternatively take the

form of a wired connection. As described in detail in U.S. Application entitled Personal

Surgical Center filed on even date herewith, the personal surgical center 26 is configured to

monitor the settings of the various medical instruments while the actual control of the

medical instruments is via the independent surgical center 10 and/or via logic and circuitry

included in the medical instrument themselves. In this regard, the independent surgical

center 10 and medical instruments 12-20 are located within the sterile field in which a

surgery is performed, while the personal surgical center 26 is located outside the sterile field.

In this manner, the surgeon has direct access and control of the independent surgical center

10 and instruments during surgery.

[0026] The various connections 24a-24g from the independent surgical center 10 may be

wired or wireless. A wireless connection may be, without limitation, a wireless local area

connection, such as, for example, an 802.1 1 connection, a personal area network connection

such as, for example, Bluetooth, or any other radio or cellular connection conventional in the

art. A wired connection may be, for example, a serial bus, parallel bus, Ethernet connection,

or the like. For example, connection 24b between the cutting device 20 and the independent

surgical center 10 may be a wired connection. In addition, infusion and aspiration lines may

connect the infusion device and irrigation device to the independent surgical center 10 and/or

the cutting device 20.



[0027] The independent surgical center 10 includes the circuitry, power, and logic to

drive and control one or more of the medical instruments. According to one embodiment of

the invention, the independent surgical center 10 is embodied as a surgical tray. According to

another embodiment of the invention, the independent surgical center is embodied as a

particular medical instrumentation such as, for example, an infusion/aspiration cassette.

According to this latter embodiment, the particular medical instrumentation not only has the

logic and circuitry to control itself, but also acts as a control center to control the

functionality of some or all of the other instruments.

[0028] FIG. 2b is a schematic illustration of an independent surgical center embodied as a

surgical tray in accordance with one embodiment of the invention. In the embodiment

illustrated in FIG. 2, the surgical tray 201 houses and controls various medical instruments

which may be associated with different surgery procedures. In some embodiments, the

surgical tray of FIG. 2 provides a sterile environment for packaging of the individual

instruments before, and in some instances after, a procedure is performed. In some

embodiments, the tray, and the instruments held in the tray, are designed to be discarded after

a single use.

[0029] In the embodiment illustrated in FIG. 2b, the tray houses various removable

handheld instruments and surgical supplies, including a handpiece 203, an infusion line 205,

an illumination device 207, a speculum 209, a syringe 211, cannulas 213, q-tips 215, and a

supply of artificial tears 217. The tray also houses a cartridge including an aspiration

chamber 219, an infusion chamber 221, and a pump or similar device for each respective

chamber. In the embodiment illustrated in FIG. 2b, the handpiece is coupled to the aspiration

chamber 219 via aspiration line 210, and to the infusion chamber 221 over the infusion line

205.

[0030] According to one embodiment of the invention, the tray is in wired or wireless

communication with one or more pieces of surgical instrumentation housed in the tray that

require power or control from the tray. The tray may also be in wireless communication with

other devices not housed in the tray, for example, a foot pedal, and/or an external monitor.

The tray may act as a communication medium between each of the instruments of the

surgical system. In embodiments where the tray communicates with an external monitor, the

entire system generally remains independently operable, with the monitor typically serving

only in a data collection, display and storage capacity.



[0031] According to one embodiment of the invention, the various medical instruments,

including the tray, are designed to be portable, lightweight, and inexpensive. In some

embodiments, the tray includes internal circuitry and various components for controlling the

various medical instruments. Internal components may include, for example, a processing

unit, user controls, a power source, and a plurality of different interfacing devices. The

processing unit may be, for example, a microprocessor based unit, and ASIC, or the like. The

interfacing devices may include, for example, a wireless communication interface to

communicate with the other instruments of the surgical system. The power source, for

example, a battery, allows the tray to be independently powered, and in some embodiments,

provide power to devices connected to the tray, such as the handpiece. In some

embodiments, the tray may also include a display or speaker, which may output various status

indicators or settings of connected instruments.

[0032] In some embodiments, the tray is designed for a single use, and the instruments of

the tray are prepackaged together in sterile packaging. In these embodiments, the packaging

may be opened, and the tray and the components within the tray, activated, within a sterile

operating field just prior to performing the surgical procedure. This gives a medical

practitioner access to and control of all the applicable surgical instrumentation within the

sterile field, including any instrument controls and status indicators located on the tray. In

some embodiments, upon activation, the tray may perform an initial scan or similar

information retrieval process, to determine the available devices or instruments with which it

may communicate during the procedure. The tray may establish lines of communication,

generally wirelessly, with the various different instruments of the tray.

[0033] According to one embodiment of the invention, the tray is connected to the

handpiece 203 and the infusion line 205. In biological tissue cutting applications, the

handpiece may include a biological tissue cutter, and may be connected to the tray via the

fluid aspiration line 210. In operation, the cutter cuts or dislodges biological tissue, and the

aspiration line suctions the dislodged tissue, where it is collected in the isolated aspiration

chamber 219. The infusion line 205 may be used to inject the surgical site with fluid or

gaseous solutions or other materials to replace the aspirated tissue. For example, in

vitrectomies, pressure is maintained within the eye through infusion of balanced salt solution

to replace the aspirated vitreous. Infusion fluids may be held in an infusion chamber of the

tray, or alternatively in a sealed infusion bag or pouch held in the infusion chamber, and

infused into a patient through the infusion line at a rate determined by controls located on the



tray. According to one embodiment of the invention, both the aspiration chamber 219 and

infusion chamber 22 1 reside in a single disposable cassette.

[0034] In some embodiments, operating parameters for the different instruments, for

example, cut speed, aspiration pressure, infusion rate, and illumination level, may be

controlled directly through the individual devices used to perform each respective function.

For example, the handpiece may include controls for controlling the cut speed and the

aspiration pressure, providing a surgeon more direct control over the procedure.

Alternatively, input devices coupled to the tray be used to control the parameters of one or

more of the medical instruments. An exemplary input device is a foot pedal wirelessly

connected to the tray. A surgeon may use the foot pedal to control, for example, the cut

speed and aspiration pressure. The tray receives the changes to the cut speed and/or

aspiration pressure, and in turn controls the handpiece based on the received input. .

Similarly, the illumination level may be controlled directly on the illumination device, and

the infusion rate may be controlled either by controls located on the infusion line or on the

tray. A person of skill in the art should recognize that other input devices such as knobs,

switches, and/or buttons may be used for control input in addition or in lieu of the foot pedal.

[0035] The tray may also communicate with the various instruments to retrieve status

information, for example, instrument settings, current operating parameters, and fault

conditions, from the various instruments. For example, while the illumination device is

wholly separable from the tray, and may function and be controlled independently of the tray,

the tray may nevertheless receive information on the current illumination level and

communicate that information to the surgeon or practitioner. According to one embodiment

of the invention, the tray forwards the monitored information to the personal surgical center

26 over data communications link 24g. In some embodiments, information may be displayed

on a built-in display mounted on the tray. In other embodiments, other output or user

feedback means may be incorporated, for example, a series of LEDs indicating current

parameter or status information of the various instruments.

[0036] FIG. 3 is a block diagram of the internal components of an independent surgical

center 10 in accordance with one embodiment of the invention. According to the illustrated

embodiment, the independent surgical center 10 includes a processing unit 301 connected and

in communication with a wireless communication interface 303, a status indicator such as a

monitor or collection of LEDs 305, an aspiration device 307, an infusion device 309, a

plurality of user controls or other input devices 3 11, and other components or circuitry 313.



A power source 315 may also be connected to the various components, and provides power to

run the other components. The infusion device may be further connected to a supply of

infusion fluid or gas 317, for example, a reservoir of balanced salt solution.

[0037] The processing unit 301 facilitates operation of one or more instruments by

sending control commands to those instruments, and acts as an information resource by

collecting current parameter settings and other status information from the same or other

instruments of the surgical system. In some embodiments, status information is collected

from all of the connected instruments and communicated by the tray to a surgeon or other

user of the surgical system, as well as optionally to the personal surgical center 26.

[0038] The processing unit 301 may control the medical instruments based on user

requests. In some instances, the requests may come from user controls located on the

independent surgical center itself, in the form of, for example, buttons or adjustable dials. In

other instances, user controls may be received from connected devices, for example, the

handpiece or the infusion line as illustrated in FIG. 2b. In still other instances, control or

adjustment requests may be received from remote instruments of the surgical system, for

example, the illumination device 18, or for example, a foot pedal, via the wireless

communication interface 303.

[0039] The processing unit 301 processes the user requests and generates command

signals to send to the instruments or devices for which the adjustments were intended. In

some embodiments, the independent surgical center 10 may be configured to direct or control

the operation of particular devices in the surgical system. For example, in the embodiment of

the tray as the independent surgical center, the tray may be limited to controlling devices

located on or within the tray itself, such as, for example, the aspiration device 307 and the

infusion device 309. In some other embodiments, the processing unit 301 may serve as a

central control unit for the various instruments and devices in the surgical system, and may

receive all the instrument adjustment requests and send associated control commands to the

appropriate devices in the system.

[0040] In operation, a user request may be received from a first device, for example, the

handpiece, and be intended for adjusting a second device, for example, the aspiration device.

The processing unit 301 may directly adjust the control parameters of the aspiration device,

which may be, for example, a centrifugal pump, a venturi pump, a peristaltic pump, or any

suitable vacuum based system, or may alternatively be a motor controlling a syringe or piston

to apply vacuum pressure. Similar adjustments may be made to a connected infusion device,



which may be, for example, a general disposable pump, peristaltic pump, a Harvard apparatus

syringe pump, a spring loaded syringe, or an IV pole. In some embodiments, a supply of

infusion solution is prepackaged with the system, the solution being appropriate for the

particular application for which the system is intended. In vitrectomy procedures, the

prepackaged solution may be sterile balanced salt solution. If a pump is used, it may

pressurize the infusion chamber holding the balanced salt solution, causing the solution to

enter the eye. Alternatively, a separately sealed infusion bag holding the balanced salt

solution may be housed by the infusion chamber and connected to the infusion line. The

pressure level of the infusion chamber may be increased, compressing the infusion bag, and

forcing the balanced salt solution out of the infusion bag to the eye.

[0041] Some surgical procedures may involve gas exchange, or a combination of liquid

and gas exchange hi some embodiments of the invention, the infusion device 309 may

provide for multiple infusion sources, and hold various types of liquids and gases for

infusion hi these embodiments, the independent surgical center 10 may also include a

control which determines the infusion source being applied in the surgical procedure. For

example, for a surgical system including an infusion source with a liquid solution and an

infusion source with an air fluid or gaseous matter, the independent surgical center 10 may

provide for a control to select between liquid solution exchange or air fluid exchange.

[0042] According to one embodiment of the invention, the independent surgical center

also provides feedback to users in the form of setting monitors and status indicators. The

processing unit 301 receives status information from the plurality of connected instruments,

typically performed through data communication lines for connected instruments, or through

the wireless communication interface for remote instruments. The processing unit compiles

the information and communicates the information to the surgeon or other user. According to

one embodiment of the invention, the independent surgical center may include a small

monitor or screen for displaying information about the surgical procedure or the

instrumentation. In addition to, or in lieu of, a monitor, optical LEDs and/or audio speakers

may be provided to generate status outputs or alerts for various system events.

[0043] FIG. 4 is a flow diagram of an initialization and communication establishment

process for an independent surgical center in accordance with one embodiment of the

invention. The process may be implemented as computer program instructions stored in

memory (not shown) and invoked by the processing unit 301. In some embodiments, the

process of FIG. 4 is performed when the system is initialized. In block 4 11, the process



activates or begins supplying power to the processing unit 301. In some embodiments, the

independent surgical center 10 housing the processing unit also houses the power source 315

to supply power to the processing unit. Some embodiments may involve plugging the system

into an external power source, for example, an electrical outlet. However, embodiments

including an internal power source, for example, a battery, generally provide for better

maneuverability. In embodiments where the power source is housed in the tray of the

system, the power source may also power the aspiration and infusion devices 307, 309, and

may provide power to a connected handpiece as well. In some embodiments where the

independent surgical center 10 is embodied as the surgical tray, power to the independent

surgical center 10 is activated once the tray is opened or removed from its packaging, through

an automated switch activation or similar mechanism. The processing unit detects power

from the power source and activates the system. In other embodiments, an additional user-

controlled switch or control device may be provided to manually activate the power supply.

[0044] In block 413, the process detects one or more devices or instruments which may

be utilized during a procedure in which the independent surgical center is used. In this

regard, the process invokes the wireless communication interface 303, such as, for example, a

radio frequency identification (RFID) reader, and automatically interrogates one or more

identification tags, such as, for example, an RFID, tag coupled to the one or more devices or

instruments or to packaging holding individual or multiple ones of the devices or instruments.

The RFID tag transmits identification information (e.g. device ID or model number) as well

as specific information on the individual instruments, for example, instrument types,

configuration parameters, and available power settings. In some embodiments, some

instruments may be included in surgical packages including specific surgical instrumentation

associated with a particular procedure. In this embodiment, the packages may include RFID

systems that identify the instruments in the package, or alternatively, each of the available

instruments may include a separate RFID tag, so that communication may more readily be

established with each of the individual devices. In some embodiments, for example, the

embodiments described with respect to FIG. 2a, the surgical tray may include instruments

which may be used for various different procedures. In these embodiments, the system may

be configured to provide for selection of a desired procedure, and the tray may identify each

available instrument to determine whether each instrument is to be used for the desired

procedure.



[0045] In block 415, the process establishes communication with the one or more

identified devices. The communication may then be used to control operation of the

identified devices and/or to receive status information from the identified devices. According

to one embodiment of the invention, wireless communication may not need to be established

with all identified devices. For example, the process may be configured to select the

instruments which are to be used in a particular procedure in response to a user command,

and establish wireless links with those instruments, rather than with all the available

instruments. In some embodiments, the processing unit first directs a power source to supply

power to a selected instrument before communication may be established between the

processing unit and the selected instrument.

[0046] In block 417, the process sends initial configuration settings to the devices with

which communication has been established. Wireless data received from the various

connected instruments may be used to, for example, pull up and configure the appropriate

setup or monitoring screens on the independent surgical center itself, an external status

monitor coupled to the independent surgical center, and/or on the personal surgical center. In

some embodiments, the wireless connection may also be used to relay initial surgical settings

and instrument fault parameters to one or more of the individual instruments. In some

embodiments, each independent surgical center may be pre-configured to perform a specific

procedure, and the processing unit 301 may send initial configuration settings to the one or

more instruments based on the pre-configurations for a particular procedure. In some

embodiments, the personal surgical center may invoke the user controls 3 11 reading or

inputting user preferences or patient data or statistics hi these embodiments, initial

configuration settings may instead be based on more user-specific or patient-specific

information provided via the user controls.

[0047] FIG. 5 is a block diagram of an independent surgical center embodied as a

surgical tray 505 in communication with a handpiece 503 in accordance with one

embodiment of the invention. According to this embodiment, the handpiece is a biological

tissue cutting and fluid aspiration system. An aspiration line or tube 501 connects the

handpiece 503 to the tray 505 for suctioning unwanted materials from a surgery site. In this

regard, the fray includes an aspiration chamber and an aspiration device 507, for example, a

pump or vacuum. In these embodiments, the aspiration device provides suction or vacuum to

the handpiece through the aspiration line 501, and a reservoir or like chamber is provided for



collection of materials aspirated through the line or tube. The aspiration chamber may be

similar to the aspiration chamber 219 of FIG. 2b.

[0048] In alternative embodiments, the aspirating handpiece may be configured with an

internal pump and collection chamber. According to these alternative embodiments, the

aspiration line 501 would no longer be necessary, and the connection between the handpiece

and the tray would be completely wireless.

[0049] In the embodiment illustrated in FIG. 5, in addition to the aspiration device 507,

the tray includes a processing unit 509, a power source 5 11, an infusion device 513, a

wireless transceiver 515, and status indicators 517. The processing unit 509, power source

5 11, infusion device 513, wireless transceiver 515, and status indicators 517 may be similar

to the processing unit 301, power source 315, infusion device 309, wireless communication

interface 303, and monitor/LEDs 305 described with respect to FIG. 3. The handpiece 503

includes a biological tissue cutter 519 and a set of user controls 521 . In various embodiments

of the invention, the components in the tray and the handpiece may be arranged differently.

There may also be different combinations of components, including various components not

included in FIG. 5, which may be included in other embodiments of the invention, depending

on the application of each respective system.

[0050] The user controls 521 included in the handpiece may, for example, control the cut

speed of the cutter on the handpiece, or for example, the aspiration level of the aspiration

device, located on the tray, or both. Generally, user controls associated with a particular

instrument or component of the system are located on that particular instrument or

component, providing intuitive device-control associations and easier access to users of the

system. The user controls on the handpiece may be connected to and operate in accordance

with the processing unit 509. The handpiece may also receive additional instructions or

operation parameters, for example, a maximum permissible cut speed from the processing

unit. The cutter 519 may communicate with the processing unit as well, for example, for

relaying status information on the current cut speed. Furthermore, the power source 511 FIG.

5 is housed in the tray, providing power to the components of the tray. An electrical line 523

may be tethered from the tray to the handpiece, to facilitate communication between the

handpiece and the tray, as well as supplying power to the components of the handpiece.

[0051] The aspiration device 507 housed on the tray may be one of various different

aspirating instruments, for example, a centrifugal pump, or an alternate suitable vacuum

based system. Some embodiments of the invention may provide controls for the aspiration



device on the handpiece, while other embodiments may instead provide controls for the

aspiration device on the tray. Still other embodiments of the invention may provide controls

for the aspiration device on another instrument, for example, a foot pedal, in wireless (or

wired) communication with the tray. The processing unit 509 retrieves aspiration adjustment

requests from one of the various controls, and applies the adjustments to the aspiration device

507. The adjustments may cause the aspiration rate of the aspiration line, and consequently

the aspiration rate of the handpiece, to fluctuate.

[0052] The infusion device 513 housed on the tray is typically connected to an outgoing

infusion line (not shown). The infusion device may be one of various different infusion

instruments, for example, a Harvard Apparatus syringe pump, or for example, a spring loaded

syringe. The infusion device supplies different fluids or gases to a surgical site through the

infusion line, the particular fluid or gas dependent on the particular surgical procedure being

performed. In vitrectomies, for example, a sterile balanced salt solution is provided to the

eye by the infusion device hi some embodiments, the infusion rate of the infusion device

may be controlled by the processing unit 509 of the tray based on, for example, the rate of

aspiration hi some applications, the infusion rate may be in synchrony with the aspiration

rate, to maintain a constant pressure or a constant volume at the surgical site. In other

embodiments, the tray may provide an independent set of user controls for the infusion rate,

whereby the infusion rate maybe adjusted independent of the aspiration rate.

[0053] hi the embodiment of FIG. 5, the tray also wirelessly communicates with the other

instruments in the surgical system through the wireless transceiver 515. In this embodiment,

the tray may act as a control device and may be used to control the functionality of some or

all of the other instruments. For example, for a vitrectomy procedure, possible wirelessly

connected devices may include, an illumination device, a foot pedal, and an external monitor.

In some instances, the connected devices may be used to control certain aspects of the

system. For example, the foot pedal may provide an alternate mechanism to control the cut

speed and the aspiration level of the system hi these instances, the foot pedal may wirelessly

send adjustment commands to the tray, where the processing unit routes the adjustment

commands to the appropriate destination.

[0054] hi other instances, one or more of the instruments used to perform the surgical

procedure are independently controlled and operated, and user controls for each respective

instrument may be provided directly on the instrument. For example, the illumination device

may be a portable, self-powered, handheld LED illuminating instrument or comparable



illuminating device. Similarly to the cutter controls being provided on the handpiece,

illumination controls may be provided directly on the illuminating device to control operating

parameters, such as light intensity of the provided illumination. In these instances, the

wirelessly connected instruments may still transmit useful statistics, current settings, or status

information on the surgical procedure to the tray 505. The tray may further include a display,

speakers, or other status indicators 517, for communicating the information to a user of the

system hi some embodiments, an external monitor may also be wirelessly connected to the

tray, and used to store compiled information on the surgical procedure. The various

instruments may also communicate wirelessly with the tray, as well as with each other, to

optimize operating parameters.

[0055] FIG. 6 is a flow diagram of a process executed by the processing unit 509, 301 of

the independent surgical center in accordance with one embodiment of the invention. In

some embodiments, the process of FIG. 6 represents the process which is performed by the

processing unit housed in the tray in FIG. 5. In some embodiments of the invention, the

process may be performed in another instrument or component of the system, based on where

the processing unit is located in the system. In some embodiments, the system may include

multiple processing units, and the process of FIG. 6 may be performed by one or more of the

multiple processing units.

[0056] In block 6 11, the process receives a signal from an instrument in communication

with the independent surgical center. In the embodiment illustrated in FIG. 5, the tray 505

may receive the signals from an instrument through a wired connection, for example, the

handpiece 503 as illustrated in FIG. 5, or may receive the signals from an instrument through

a wireless connection, for example, from the illumination device.

[0057] In block 613, the process determines whether the received signal is a status update

signal or an adjustment request signal. In some embodiments, the processing unit 509, 301

may be used to adjust operation parameters of selected instruments, and may also be used to

process and communicate to a user the status of the same or other instruments. If the

processing unit determines that the signal is an adjustment request signal, the process

proceeds to block 615. If the processing unit determines that the signal is a status update

signal, the process instead proceeds to block 619.

[0058] In block 615, the process determines the device for which the adjustment signal is

directed. In some embodiments, the adjustment signal may be received by a user control

directly connected to the processing unit. For example, in the embodiment of FIG. 5, the



adjustment signal may originate from a user control controlling the infusion device located

alongside the processing unit in the tray. In other embodiments, the adjustment signal may

be received wirelessly from a user control located on a remote instrument, for example, a foot

pedal associated with the tray. Some of the adjustment requests may be meant for the device

or component from which the signal originated, while some other of the adjustment requests

may be meant for a different device, whether it be a device on the tray or on a completely

separate instrument in the surgical system. Regardless of the source of the adjustment signal,

the processing unit determines the intended destination device or instrument.

[0059] In block 617, the process sends an adjustment command to the destination device

or instrument. Depending on the configuration of the system, the adjustment command may

be an unaltered adjustment signal, where the processing unit acts as a switch or routing

device for the system, or the adjustment command may be a wholly new command signal

generated by the processing unit based on a received adjustment request signal, for example,

a received signal as was described above with respect to block 611. In most embodiments of

the system, after an adjustment command is sent to a respective device or instrument, the

operational settings or parameters of the device are adjusted in accordance with the

adjustment command.

[0060] If the signal is a status update signal, the process, in block 619, determines the

source of the status update signal hi most embodiments, status update signals include status

update information of the device from which the status update signal originated. The status

update information may include various information about an originating device, for

example, current settings, operating parameters, remaining power levels, instrument fault

conditions, and other information. Status information for each specific instrument in the

system is different depending on the functionality of the instrument. For example, a

handpiece may provide status of cut speed of a cutter or aspiration levels, whereas an

illumination device may provide illumination level status.

[0061] In block 621, the process updates the status of a device or instrument. Whether

the originally received signal was an adjustment signal or a status update signal, the

processing unit of the system may update status information pertaining to the received signal.

In cases where the signal was an adjustment signal, the processing unit may update the status

information of the destination device to which the adjustment request was sent. In cases

where the signal was a status update signal, the processor may directly update the status

information of the device from which the status update signal originated, based on the



contents of the status update signal. The processing unit may display the status updates on,

for example, a monitor located on the instrument housing the processing unit. Alternatively,

the status updates may be expressed visually through changes to, for example, LED

indicators, or aurally through, for example, audio alerts outputted through available speakers.

In some embodiments, visual or aural status indicators may be available on various other

instruments of the system in addition to, or in lieu of, the instrument housing the processing

unit. In these embodiments, the processing unit may send the status update information to an

appropriate instrument for output or user feedback purposes. According to one embodiment

of the invention, the update information is transmitted to the personal surgical center for

logging in a log file generated for the surgical procedure. After the status updates have been

applied to or recorded by the system, the process returns.

[0062] FIG. 7 is an alternate embodiment of an independent surgical center in accordance

with aspects of the invention. The center illustrated in FIG. 7 is operable independently of an

external console, and functions similarly to the system described with respect to FIG. 2b.

However, the system of FIG. 7 does not include a tray which acts as a central control unit.

Instead, in FIG. 7, the system includes a stand-alone aspiration/infusion cartridge 701,

including isolated aspiration 703 and infusion chambers 705, and a separate device for each

chamber, for example, an aspiration pump or similar device 707 and an infusion pump or

similar device 709. The cartridge is connected to a handpiece 7 11 and an infusion line 713.

[0063] According to the illustrated embodiment, the cartridge 701 as a central control

unit instead of the tray as in FIG. 2b. The cartridge is in communication with other surgical

instrumentations of the surgical system. The communication is generally established through

wireless connections hi this regard, the cartridge is in wireless communication 715 with an

illumination device 717 and other devices 719, for example, a foot pedal, an external console,

and/or various status indicators associated with the system. In some embodiments, the

handpiece and the infusion line may also be integrated in a device separate from the cartridge

701, and be in communication with the cartridge via a wireless connection. In these

embodiments, the cartridge may serve as a wireless communication medium between the

devices, including the handpiece and the infusion line. In embodiments where the cartridge

communicates with an external console, the cartridge generally remains independently

operable, with the monitor typically serving as a data collection and storage device. In some

embodiments, the external monitor may be capable of serving the system in a larger capacity,



for example, by controlling select instruments of the system. However, in most of these

embodiments, the system remains independently functional without the external console.

[0064] In the embodiment illustrated in FIG. 7, the cartridge is designed to be a free¬

standing instrument. In some embodiments, the cartridge includes a ledge 721 on the back

that allows the cartridge to be hung off other equipment inside the sterile field, for example, a

surgical tray or Mayo tray. In some embodiments, the cartridge includes various components

and devices for controlling the system, for example, a processing unit, user controls, a power

source 723, and a plurality of different interfacing devices which may be similar to the

processing unit 301, 509, user controls 3 11, 521, and power source 315, 5 11 of FIGS. 3 or 5.

The interfacing devices may include, for example, the aspiration chamber and port for a

handpiece, the infusion chamber and port for an infusion line, and a wireless communication

interface to communicate with the other instruments of the system. The power source

provides power to the cartridge and allows the cartridge to function and be powered

independently of other devices, and in some embodiments, provide power to connected

devices, such as the handpiece. In some embodiments, the cartridge may also include a

display and/or speaker, which may output various status indicators or settings of connected

instruments.

[0065] In some embodiments, the independent surgical center 10 and individual

instruments in the surgical system, including the cartridge, are prepackaged together in sterile

packaging. In these embodiments, the packaging may be opened, and the independent

surgical center 10 and the individual instruments activated, within the sterile operating field,

giving a medical practitioner full access to the instruments and user controls of the

independent surgical center 10 within the sterile field. In some embodiments, upon

activation, the cartridge may perform an initial scan to determine the available devices or

instruments with which it may establish wireless communication for the surgical procedure.

[0066] According to one embodiment of the invention, handpiece 7 11 coupled to the

cartridge 701 includes a biological tissue cutter 725, and may be connected to the cartridge

via a fluid aspiration line 727. The aspiration line ends in a tip of the handpiece, with the

cutter located approximate the tip. User controls located on the cartridge, the handpiece,

and/or the infusion line may be available to adjust the aspiration and infusion levels of the

system. Operating parameters for other instruments, for example, illumination level, may be

controlled directly through the individual devices used to perform each respective function,



or may alternatively be controlled at the cartridge if user controls for the other instruments

are provided to users on the cartridge.

[0067] The cartridge may also act as a feedback or user output system. The cartridge

may communicate with the various instruments to retrieve status information and relay the

information to a user of the system hi some embodiments, information may be displayed on

a built-in display mounted on the cartridge. In other embodiments, other output or user

feedback means may be incorporated, for example, LED indicators representing current

parameter or status information of the various instruments, or audio alerts when, for example,

fault levels are triggered.

[0068] FIG. 8 is a block diagram of an independent surgical center embodied as the

infusion/aspiration cartridge 701 of FIG. 7 in accordance with one embodiment of the

invention. In many respects, the structure and functionality of the independent surgical

center of FIG. 8 are similar to the structure and functionality of the center as discussed in

FIG. 5, with a stand-alone aspiration/infusion cartridge substituted into the center in place of

the tray. The center includes the handpiece 7 11 coupled to the cartridge 701. hi the

embodiment of FIG. 8, the cartridge includes a processing unit and user controls 805, a power

source 807, an aspiration device 809, an infusion device 8 11, and a wireless transceiver 813,

while the handpiece includes a biological tissue cutter 815, as well as its own wireless

transceiver 817 and its own power source 819.

[0069] Having different combinations of components housed in each instrument allows

for operational variations between different embodiments. In the embodiment of FIG. 8, for

example, the power source in the handpiece provides power to the rest of the components in

the handpiece, allowing the handpiece to power up independently of the cartridge. A

dedicated power source therefore obviates the need for a power line running between the

cartridge and the handpiece. Furthermore, the wireless transceiver housed in the handpiece

allows for the handpiece to wirelessly communicate 821 with the cartridge, further obviating

the need for an electrical wire or communication line, such as the electrical line described

with respect to FIG. 5. Therefore, in the embodiment of FIG. 8, the only remaining

connection between the handpiece and the cartridge is the aspiration line 727, which transfers

aspirated materials from the handpiece back to an aspiration chamber in the cartridge. In

some embodiments, the handpiece may be completely independently operable from the

cartridge, if an additional aspiration pump and chamber are, for example, located directly on,

or closely attached to, the handpiece. Likewise, with other instruments of the system, each



independently operable instrument includes a dedicated power source, and may also include

some wireless communication medium if communication with the processor 805 acting as the

main source of control is desired.

[0070] In the embodiment of FIG. 8, the cartridge does not include a monitor or other

status indicators. In some embodiments, there may not be any status indicators provided by

the independent surgical center to communicate status information and other useful system

information to a user. In other embodiments, different types of status indicators may be

located on one or more instruments remote from the independent surgical center. In some of

these embodiments, the status indicators located on each individual instrument may

correspond to, or be otherwise related to, the function the instrument serves in the context of

the surgical system.

[0071] FIG. 9 is a block diagram of yet another alternate embodiment of an independent

surgical center in accordance with one embodiment of the invention. FIG. 9 may represent a

possible alternate component arrangement for the center of FIG. 7 . As has been observed and

as was similarly described in FIG. 8, the embodiment illustrated FIG. 9 includes a handpiece

901 interconnected with a cartridge 903. However, in the embodiment illustrated in FIG. 9,

the handpiece serves as a processing center of the system instead of the cartridge.

[0072] In the embodiment illustrated in FIG. 9, the handpiece includes a processing unit

and user controls 905, a power source 907, a wireless transceiver 909, and a biological tissue

cutter 9 11. The cartridge includes a power source 913, an aspiration device 915, and an

infusion device 917. The processing unit of the handpiece may serve as the processing center

of the system, and establish communication with the various instruments of the system, much

like the processing units as described with respect to the tray of FIG. 5 and the cartridge of

FIG. 8. Alternatively, in some embodiments, a remote instrument of the system, for example,

an illumination device, may instead house the main processing unit of the system. In the

embodiment of FIG. 9, a wireless transceiver located in the handpiece is provided for the

processing unit to wirelessly communicate with remote instruments of the system. A power

source is further provided to power the handpiece. In some embodiments, the wireless

transceiver and power source may alternatively be housed in the cartridge, to reduce the size

of the handpiece and make it easier for users to handle.

[0073] In the embodiment of FIG. 9, the cartridge acts as a supporting instrument to the

handpiece. The user controls for the aspiration device and infusion device are located with

the processing unit on the handpiece, but may alternatively be located on the cartridge. In



embodiments where the user controls are located on the handpiece, adjustment requests may

be processed by the processing unit on the handpiece, and adjustment commands generated

by the processing unit may be sent to the appropriate device on the cartridge. The processing

unit of the handpiece may also control operating parameters of some remote devices with

which the handpiece is wirelessly connected. In many embodiments, the processing unit of

the handpiece also serves as a status updater, where status update signals are received by the

processing unit from various system devices, processed by the processing unit, and

communicated to the user of the system, through any of the various feedback or output means

as have been previously described.

[0074] Other embodiments of the invention may include various different component

combinations and functionality differences. For example, the handpiece may include flow

sensors for monitoring aspiration levels at the surgical site, or aspiration sensors or detectors

may instead be located at or near the aspiration chamber. Further, in some embodiments, an

aspiration adjuster or similar device may be located at the handpiece as well, for example, a

pinch valve or similar variable orifice. The aspiration level may be monitored and adjusted

by controlling the pinch valve or orifice diameter hi these embodiments, pressure at the

aspiration chamber may be maintained at a constant level. Various other features may also be

incorporated into different instruments of the system. For example, the tray or cartridge may

include a port for emptying the aspiration chamber and/or a port for filling or refilling

infusion fluid or gas into the infusion chamber. Many other possible features may be

incorporated into the individual instrumentation in each respective system.

[0075] The different instruments in the independent surgical system as have been

described are easily portable, require low capital investment, are efficiently set up and torn

down, enable the presence of fewer personnel in the operating room, are adaptable for use in

existing surgery centers, and are easily upgradeable. Each instrument is easily moveable into

operating rooms, surgery centers, and offices. A doctor's office is a new potential location

where various different procedures may be performed. In a doctor's office, space is limited,

and using large surgical instrumentation may not always be a realistic option. The highly

portable instruments of the invention make setting up for various procedures faster and more

convenient, and may allow for certain procedures to be performed even in a doctor's office.

Portable surgical systems may also be used by visiting surgeons, and may potentially be

taken to and used in remote locations, such as, for example, economically disadvantaged

nations. Along those same lines, the instruments described are also low in cost. The



instruments used in the systems discussed above are generally all manufactured as disposable

units designed for a single use.

[0076] In addition, setup times for the system are vastly reduced. In most embodiments

of the invention, system initialization and communication establishment between the different

instruments is automatic, and most instruments are configured to be immediately ready for

use. Connections, for example, an aspiration line running between a handpiece and a tray or

cartridge, may be made before packaging, and infusion supplies may be prepackaged for each

system. Furthermore, there are generally no additional wires to connect, and no central

console to which each individual instrument need be manually connected. Once a procedure

has been completed, the instruments may be discarded. In some embodiments, some

instruments, for example, aspiration and infusion pumps or devices, may be sent back to a

manufacturer for recycling or reuse.

[0077] Below are descriptions of other embodiments of a portable biological tissue cutter

and infusion/aspiration cassette that may function separate from the independent surgical

center.

Biological Tissue Cutting and Aspiration Handpiece

[0078] According to one embodiment, the biological tissue cutting and aspiration

handpiece (e.g. vitrectomy handpiece or other like handpieces) is portable, lightweight and

can be powered by battery to power the cutter and/or aspiration. It can be used in the field,

offices, surgery centers and operating rooms. The biological tissue cutting and aspiration

handpiece may be used as a stand-alone instrument or in conjunction with the independent

surgical center discussed above. The handpiece may be disposable and is connected to the

aspiration/infusion cassette, which provides aspiration pressure to the cutter. FIG. 7

illustrates an exemplary aspiration/infusion cassette 701 with the infusion line 713 appearing

on the right and the biological tissue cutting and aspiration handpiece appearing on the left.

The left side of the cassette functions to provide aspiration pressure to the biological tissue

cutting and aspiration handpiece, while the right side provides infusion.

[0079] In one embodiment, for example, the biological tissue cutting and aspiration

handpiece is a disposable handpiece such as that described in co-pending U.S. Patent

Application Serial No. 11/963,749 entitled Disposable Vitrectomy Handpiece, filed

December 21, 2007, the entire content of which is incorporated herein by reference hi

addition, the biological tissue cutting and aspiration handpiece may incorporate battery power

and a flow controller/pinch valve. The handpiece may wirelessly communicate (e.g.



Bluetooth) with other surgical instruments, an internal or external monitor or speaker, or a

control center in the aspiration/infusion cassette. Alternatively, the handpiece may wirelessly

communicate with a personal surgical center, as described for example in U.S. Patent

Application entitled Personal Surgical Center, filed on even date herewith. Surgical

parameters (e.g. cut speed, aspiration pressure/flow rate) may be controlled directly on the

handpiece, or via a foot pedal wirelessly connected to the handpiece. Such parameters may

control a cutting tip, aspiration pump, and the like. The drive circuitry may be incorporated

directly in the handpiece, in the surgical tray, or aspiration/infusion cassette depending on

how the handpiece is powered (i.e. by battery or through the aspiration/infusion cassette).

[0080] As noted above, according to one embodiment, the biological tissue cutting and

aspiration handpiece is a stand-alone instrument, not used with an external control center. In

this embodiment, the handpiece is used in conjunction with other standalone instrumentation,

such as an illumination device. The controls for the handpiece are located on the handpiece

itself, eliminating the need for a surgical console. The handpiece itself or the surgical tray

may have a display or speaker to inform the surgeon of current surgical settings and

instrument faults. According to one embodiment, the handpiece includes a control unit which

may be, for example, a microprocessor based unit, an ASIC, or the like, and other circuitry

described with respect to FIG. 9.

[0081] In another embodiment, as also noted above, the biological tissue cutting and

aspiration handpiece can be used in conjunction with an aspiration/infusion cassette that

includes a control center or in conjunction with an external, laptop control center. Although

it may be possible to plug the system into an outlet, battery power enables better

maneuverability of the handpiece. The battery may be placed inside the handpiece, surgical

tray or at the aspiration/infusion cassette itself. When the battery is placed inside the

handpiece, it adds weight and size to the unit, reducing maneuverability and ergonomics.

The aspiration/infusion cassette can be larger and heavier because ergonomics on this

instrument are not as critical. However, when the battery is placed at the aspiration/infusion

cassette or surgical tray, an electrical line would need to be tethered to the handpiece along

with the aspiration line.

[0082] The wireless control (e.g. Bluetooth) may be mounted in the handpiece, the

aspiration/infusion cassette, the surgical tray or all of the above. This will depend on how the

device is configured. If the handpiece uses battery power and includes no link to the

aspiration cassette or surgical tray, wireless communication will need to be mounted on all



units. However, if there is a direct-wired link between the two, wireless communications

may then be mounted on either unit. In one embodiment, the wireless communication will be

mounted on the aspiration/infusion cassette or surgical tray to reduce the weight of the

handpiece. FIG. 5 illustrates a system in which the battery power for the biological tissue

cutting and aspiration handpiece, the wireless communication and the aspiration all originate

from the surgical tray.

[0083] As noted above, the handpiece may include a display or speaker for relaying

information regarding instrument status, fault, cut speed etc. For example, the handpiece

may include a LED or speaker on the handpiece itself. Alternatively, the instrument and

operation information may be indicated on a display or speaker on the surgical tray or may be

displayed on a laptop center.

[0084] When used in conjunction with a laptop center, the biological tissue cutting and

aspiration handpiece may communicate with the laptop directly or indirectly through the

surgical tray. The laptop center can indicate the instrument and operation information, such

as current cut speed, battery life (if applicable), and any faults. It may also receive additional

information, such as the maximum cut speed permissible and other surgical parameters.

Upon startup, the biological tissue cutting and aspiration handpiece can identify itself to the

laptop center and indicate whether it has been used before.

[0085] If flow sensing or flow control is used, the sensors and actuators may be placed

close to or directly on the biological tissue cutting and aspiration handpiece.

Aspiration/Infusion Cassette

[0086] According to one embodiment, the aspiration/infusion cassette is portable,

lightweight, and attached to a biological tissue cutting and aspiration handpiece and infusion

line. According to one embodiment, the aspiration/infusion cassette is made integral with the

surgical tray, but according to one embodiment, the cassette is separate from the tray. In this

latter embodiment, the cassette includes a control unit which may be, for example, a

microprocessor based unit, an ASIC, or the like, and other circuitry described with respect to

FIG. 8 which allows the cassette be the center of control with respect to the cassette and/or

the biological tissue cutting device.

[0087] The cassette may be used in the field, offices, surgery centers and operating

rooms. The cassette may be used as a stand-alone instrument or in conjunction with a

surgical center, such as the one discussed above. Alternatively, the cassette may be used in



conjunction with a personal surgical center, such as that described in co-pending U.S. Patent

Application entitled Personal Surgical Center filed on even date herewith.

[0088] The aspiration/infusion cassette includes infusion fluid (such as BSS) and an

aspiration line. Aspiration is applied to a portable surgical handpiece, such as the biological

tissue cutting and aspiration handpiece described above. Infusion is attached to an infusion

line. In one embodiment, the aspiration/infusion cassette includes a cassette for gas-fluid

exchange system. Additionally, there may be ports to allow filling the BSS container (if

required) or emptying the aspiration cassette. Furthermore, from the filling port, a surgeon

may put in glucose or other medication (e.g. dyes for visualization) for certain cases into the

infusion cassette.

[0089] When the aspiration/infusion cassette is used in conjunction with a personal

surgical center, it is powered separately from the center. Although it may be possible to plug

the system into an outlet power, battery power enables better maneuverability. The battery

can be placed in the cassette itself or in the surgical tray, and powers any vacuum or infusion

pumps as well as the biological tissue cutting and aspiration handpiece. Power to the cassette

can be turned on once the cassette or surgical tray is removed from the packaging (e.g. by

turning on a switch, button, etc.). This will initiate communication with the personal surgical

center, if present.

[0090] In one embodiment, the aspiration/infusion cassette is a free-standing instrument.

The vacuum source may be directly mounted on the cassette itself. It may be a vacuum based

system, similar to the venturi system, or a flow based system (peristaltic pump). Any suitable

vacuum based system may be used, for example, the vacuum source may consist of a small,

battery-powered vacuum pump providing vacuum pressure to the handpiece. Alternatively,

the vacuum source may be a motor controlling a syringe/piston or pump to apply vacuum

pressure. The vacuum source may provide a constant vacuum level, charging only when

required, or it may allow for variable vacuum settings. For flow based vacuum, a small

electric pump is added to the cassette instead of the peristaltic pump.

[0091] The aspiration/infusion cassette communicates with the personal surgical center

(when present) via a wireless link. When no center is used, the cassette may communicate

wirelessly with other instrumentation, such as the biological tissue cutter or illumination

handpiece.



[0092] The cassette may also include a pre-packaged vacuum source, which would be

shipped as an evacuated container. To use, the seal is broken, and the vacuum is applied to

the handpiece. However, if vacuum is lost, the cassette cannot be re-charged.

[0093] Flow control for aspiration can be controlled from the surgical handpiece. The

flow control may be on the handle or on a foot pedal which may be wirelessly connected.

Infusion control may be on the surgical handpiece, on a foot pedal, controlled by an IV pole

height, or by a switch on the aspiration/infusion cassette itself.

[0094] Vacuum at the cassette may be constant or variable. With variable vacuum level

control, the level of vacuum is modified based on surgical settings. Vacuum is directly

attached to the vitrectomy aspiration line, and flow is based on vacuum level.

[0095] If vacuum is maintained constant at the cassette, a pinch valve/variable orifice

may be used to modulate flow. In this scenario, full vacuum would be maintained in the

cassette and applied for substantially all of the time to the back of the aspiration line. The

pinch valve would be used to modulate the flow level. A pressure sensor could be mounted

upstream (closest to the biological tissue cutting and aspiration handpiece) from the pinch

valve. This would monitor the actual pressure and permit accurate pinch valve settings in a

continuous manner. A flow sensor may be used to measure flow rate instead of the pressure

sensor. Flow can be modulated by adjusting the pinch valve. In either scenario, surging

would be reduced by monitoring flow close to the handpiece. For a flow based system, the

surgeon would control the rate at which the vacuum pump removes tissue from the eye. Flow

may be monitored by a sensor at the cassette or at the surgical instrument handpiece. This

could be used for feedback on the flow conditions.

[0096] Infusion can be applied from a small disposable pump, a Harvard type apparatus

mechanism, a spring loaded syringe, small fluid pump, or by mounting the unit on an IV pole.

A pre-packaged amount of sterile balanced salt solution (BSS) is provided for the procedure.

The volume of BSS is the same as or smaller than the volume of the aspiration cassette.

[0097] If a disposable pump is used in the cassette, it may pressurize the cassette causing

the BSS to enter the eye. A filter may be required to keep the inside of the infusion cassette

free of airborne particles. Alternatively, a small sealed infusion bag may be mounted to the

infusion line. The chamber around the infusion line is pressurized, causing the infusion fluid

to enter the eye and not come in direct contact with the pressurized air. A peristaltic pump

may also be used to infuse the eye. Alternatively, a Harvard type apparatus or spring

compressed syringe may be used to infuse the BSS.



[0098] If an IV pole is used, the cassette could hang from many different IV pole designs.

Furthermore, a specific IV pole may be designed to work with the cassette. In this scenario,

there would be a place for the cassette to fit and the IV pole may provide power for the

aspiration pump. No infusion pump would be required for maintaining eye pressure.

[0099] As noted above, the aspiration/infusion module may communicate with a personal

surgical center if such a center is used. It will send status information regarding the state of

the instruments, and receive information that may change operable parameters. Once the

aspiration/infusion cassette is turned on, it will communicate with the personal surgical center

to indicate serial number, if it has been used before, and the type of instrumentation being

used (25 versus 23-gauge instrumentation), which vitrectomy probe is being used, etc. The

cassette can also communicate the status of the battery and any instrument faults that may

occur.

[00100] A wireless control may be mounted on the biological tissue cutting and aspiration

handpiece, the aspiration/infusion cassette, illuminator, surgical tray, or all of the above. This

will depend on how the device is configured. If the biological tissue cutting and aspiration

handpiece uses battery power and is not directly linked to the aspiration cassette, wireless

communication is mounted on both units. If there is a direct wired link between the two,

wirelesses communication may be mounted on either unit, but need not be mounted on both

units hi one embodiment, the wireless communication is mounted on the cassette to reduce

the weight of the handpiece.

[00101] The aspiration/infusion cassette may include a chamber for gas-fluid exchange in

the eye. This could be a syringe filled with the appropriate gas or mixture of gases. A

Harvard type apparatus, spring mechanism, or pump could also be used to administer gas-

fluid exchange. The gas line would be connected to the infusion line. A remote switch could

be used to commence gas exchange. The button for this may be on the illumination device,

surgical tray, the biological tissue cutting and aspiration handpiece, or any other suitable

location. The specific gases used depend on the specific procedures performed.

[00102] Instrument settings, operational parameters, and status may be displayed on the

aspiration/infusion cassette itself. Alternatively, this information can be directed to and

displayed on the independent surgical center, the cassette, or on the personal surgical center

connected (either directly or wirelessly) to the cassette hi another embodiment, the

information is displayed on an external monitor or through a speaker connected (either

directly or wirelessly) to the cassette. The information displayed may include bottle infusion



pressure, cut speed for the vitrectomy probe, fault conditions, conditions of batteries, and

other operational parameters.

[00103] The cassette may include a ledge on the back of the cassette that allows the

cassette to be hung off the surgical tray. Alternatively, the cassette is incorporated into the

tray. The aspiration and infusion pump(s) and battery may be separate from the

aspiration/infusion cassettes, allowing the surgeon to break off the aspiration and infusion

cassettes after the procedure and dispose of them. The pump or battery component may be

refurbishment and then re-deployed.

[00104] Although the invention has been described with respect to certain specific

embodiments, those skilled in the art will have no difficulty devising variations to the

described embodiments which in no way depart from the scope and spirit of the present

invention. Furthermore, to those skilled in the various arts, the invention herein may suggest

solutions to other tasks and adaptations for other applications. It is the Applicants' intention

to cover all such uses of the invention, and those changes and modifications which could be

made to the embodiments of the invention herein chosen for the purpose of disclosure

without departing from the spirit and scope of the invention. Thus, the present embodiments

of the invention should be considered in all respects as illustrative and not restrictive.



WHAT IS CLAIMED IS:

1. An independent system for a surgical procedure comprising:

a control device including a processing unit; and

a plurality of instruments associated with the surgical procedure and operably

coupled to the control device,

wherein the control device and the plurality of instruments are prepackaged together,

and the processing unit is configured to control at least one of the prepackaged instruments.

2. The system of claim 1, wherein the control device is a surgical tray.

3. The system of claim 1, wherein the instruments are electrical or pneumatic

instruments associated with the surgical procedure.

4. The system of claim 1, wherein the surgical procedure is an ophthalmic

surgical procedure.

5. The system of claim 1, wherein the surgical procedure includes biological

tissue cutting and fluid aspiration.

6. The system of claim 1, wherein at least one of the plurality of electrical

instruments includes a processing unit.

7. The system of claim 6, wherein the processing unit is configured to establish

communication between each of the plurality of electrical instruments.

8. The system of claim 7, wherein the communication is wireless

communication.

9. The system of claim 7, wherein the processing unit is further configured to:

receive status updates from the plurality of electrical instruments; and

communicate with status updates to a user of the system.



10. The system of claim 6, wherein the at least one of the plurality of electrical

instruments includes user controls for adjusting the operating parameters of at least one other

of the plurality of electrical instruments.

11. The system of claim 6, wherein the at least one of the plurality of electrical

instruments is a surgical tray.

12. The system of claim 1, wherein each of the plurality of electrical instruments

sterile and useable within a sterile barrier during the surgical procedure.

13. The system of claim 1, wherein the plurality of electrical instruments are

prepackaged together in a sterile packaging.

14. A surgical system comprising:

a portable surgical tray including a processing unit;

a plurality of instruments operably coupled to the processing unit; and

a user input device providing a user input for controlling an operating parameter of

one or more of the plurality of instruments,

wherein the processing unit is configured to receive the user input and transmit an

operating command to the one or more of the of the plurality of instruments.

15. The system of claim 14, wherein the plurality of instruments includes a

biological tissue cutter and an aspiration device.

16. The system of claim 15, wherein an aspiration line connects the biological

tissue cutter and an aspiration device.

17. The system of claim 15, wherein the plurality of instruments further includes

an infusion device.

18. The system of claim 14, wherein the plurality of instruments includes an

illumination device.



19. The system of claim 14, wherein the user controls controlling the operating

parameters of a one of the plurality of instruments is located on the one of the plurality of

instruments.

20. The system of claim 14, wherein the plurality of instruments includes a

surgical tray including a processing unit, the processing unit configured by program

instructions to:

receive an adjustment signal from the user controls; and

adjust the operating parameters of a one of the plurality of instruments based on the

adjustment signal.

21. A self-powered surgical system for a surgical procedure, comprising:

a surgical tray;

a plurality of handheld instruments;

a power source in at least one of the surgical tray and a handheld instrument; and

a processing unit;

wherein the processing unit is configured to execute program instructions, the

program instructions including instructions for:

detecting power from the at least one power source;

directing power to the plurality of handheld instruments from the at least one

power source; and

establishing communication with each of the plurality of handheld

instruments.

22. The system of claim 2 1, wherein the program instructions further include

instructions for:

receiving an adjustment request for a one of the plurality of handheld instruments; and

adjusting operating parameters of the one of the plurality of handheld instruments

based on the adjustment request.

23. The system of claim 22, wherein each adjustment request is received from a

one of the plurality of handheld instruments.



24. The system of claim 21, wherein the processing unit is housed in the surgical

tray.

25. The system of claim 24, wherein the plurality of handheld instruments and the

at least one power source are packaged with the surgical tray prior to the surgical procedure.

26. The system of claim 25, wherein the package is sterile.

27. The system of claim 26, wherein each of the plurality of handheld instruments

is useable within a sterile barrier during the surgical procedure.

28. The system of claim 26, wherein the plurality of handheld instruments are

configured to be used within a substantially sterile barrier during the surgical procedure and

are further configured to be accessed by a substantially non-sterile assistant.

29. The system of claim 21, wherein at least one of the plurality of handheld

instruments is physically connected to the surgical tray.

30. The system of claim 2 1, wherein the program instructions further include

instructions for:

receiving a status update signal from a one of the plurality of handheld instruments;

and

adjusting a status indicator associated with the one of the plurality of handheld

instruments based on the status update signal.

31. The system of claim 21, wherein the processing unit is housed in one of the

plurality of handheld instruments.

32. The system of claim 2 1, wherein each of the plurality of handheld instruments

includes a radio frequency identification tag to facilitate establishment of communication

with the processing unit.

33. A portable biological cutting and aspiration device comprising:



a cutting tip;

a fluid aspiration device; and

an integrated control unit coupled to the cutting tip and fluid aspiration device,

wherein the control unit is configured to control cutting and aspiration of the cutting tip and

fluid aspiration device.

34. A portable infusion and aspiration device comprising:

an aspiration chamber;

an aspiration line coupled to a biological tissue cutting and aspiration device, the

aspiration line configured to suction matter dislodged from a surgical site into the aspiration

chamber;

an infusion chamber having an infusion solution;

an infusion line coupled to the infusion chamber and configured to inject the infusion

solution to the surgical site for maintaining pressure in the surgical site,

wherein the aspiration chamber and infusion chamber are included in a single,

disposable cassette.
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