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(57) Abstract: A foot controller (32) for use with ophthalmic surgical equipment (34) includes a foot controller (32) having a door
O (18). Door (18) covers a surgical switch (24) when door (18) is in a closed position, and door (18) is a shroud for a surgical switch
(24) when door (18) is in an open position. A door-position sensor (48) disables activation of the surgical switch (24), except when

the door is in an open position.
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FOOT CONTROLLER WITH INTERLOCK CIRCUIT

Background of the Invention:

L Field of the Invention
The present invention relates to foot controllers for use in ophthalmic

surgery.

2. Description of the Prior Art:

Foot controllers for ophthalmic and other types of surgery are well-known.
These foot controllers typically include an accelerator-type pedal that moves in both
the vertical and horizontal directions. The movement of the accelerator pedal
controls various surgical instruments and settings of the surgical system, depending
on the particular operation being conducted. The foot pedal controls such things as
how much power is supplied to a phacoemulsification handpiece or pneumatic
scissors or vitreous cutter. In addition, such foot controllers typically include one or
more additional buttons which are activated by a user pressing his foot on the button.

These buttons control still further operations of the surgery equipment.

Certain surgery equipment requires a shroud to be formed around and above
the switch to prevent accidental activation of the switch. Such equipment, for

example, can be a surgical laser. Obviously, a user would not wish to inadvertently
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fire a laser pulse, and therefore, the shroud is provided. Typically, in the prior art,
such shrouded switches have been separate from the main foot controller in

ophthalmic surgery.

It would be highly desirable to have a foot controller with an accelerator-type
pedal, such as known in the prior art, that combines a foot switch that requires a
shroud. By this combination, another piece of equipment on the floor can be
eliminated and the user, typically a surgeon, will always know the exact switch

location.

Brief Description of the Drawings:

FIG. 1 illustrates a foot controller in accordance with the present invention

with a door in a closed position;

FIG. 2 illustrates a foot controller of the present invention with a door in an

open position;

FIG. 3 is an illustration of a ophthalmic surgical system in accordance with

the present invention; and
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FIG. 4 is a block diagram of a switch interlock circuit in accordance with one

aspect of the present invention.

Detailed Description of the Preferred Embodiment:

FIG. 1 shows a foot controller 10, in accordance with the present invention.
Foot controller 10 includes a body portion 12, an accelerator-type pedal 14, and
control buttons 16. In use, foot controller 10 is typically attached to an ophthalmic
surgical system, such as the Millennium® system available from Bausch & Lomb
Inc. (not shown). Foot controller 10 by use of accelerator-type pedal 14 or switches
16 activates and controls various surgical instruments, as is well-known. In addition
to the pedal 14 and switches 16, the present invention incorporates a door 18
covering a switch 24 (shown below). The door 18 functions as a heel-rest when in a
closed position of FIG. 1, and as a switch-shroud when in an open position of FIG.
2. Preferably, door 18 includes a heel-rest ridge 20 for user comfort. In addition,
door 18 preferably includes a toe-ridge 22 for allowing a surgeon to open door 18
easily. However, it is noted that foot controller 10 may have one or more doors 18

covering switches 24 and/or 16. It is not necessary that door 18 also be a heel-rest.
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FIG. 2 shows foot controller 10 with door 18 in an open position. As can be
seen, switch 24 controlling a surgical apparatus, such as a laser, is effectively
shrouded by door 18, thereby preventing unintended activation of switch 24.
Preferably door 18 is spring-loaded so that the door will automatically close unless

in an open detented position.

In this way, a surgical switch 24 requiring a shroud is conveniently

incorporated into an otherwise typical foot controller for use in ophthalmic surgery.

FIG. 3 shows an ophthalmic surgical system 30 consisting of a foot
controller 32, a surgical console 34, and optionally, a satellite foot switch 36.
Surgical console 34 may consist of a cart 38, a base or control unit 40, and
optionally, an expansion unit 42. Foot controller 32 and switch 36, as indicated by
dashed lines 44, may be connected to any one of units 38, 40, and 42. Optional
satellite foot switch 36 is shown connected to surgical console 34 via a common
node 46. It should be appreciated that satellite foot switch 36 is generally dedicated
to one surgical apparatus, such as a surgical laser and generally, is required to be

shrouded as discussed above.

In practice, it may be desirable to have such a satellite switch 36 for the
convenience of the surgeon in that, as the surgeon moves ahout the patient, switch

36 is more easily moved than main foot controller 32. For the sake of safety, it may
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be desirable to have an interlock or safety checks on foot controller 32 to ensure that

switch 24 is not activated by accident.

To ensure that switch 24 is not accidentally activated on foot controller 32, it
is desirable to have a door position sensor 48 for disabling activation of the surgical
switch 24 except when the door 18 is in an open position. Door position sensor 48
may consist of a magnet 50 in combination with a Hall-effect 1C 52 to form a Hall-
effect sensor. Then, when the magnet moves to a position adjacent Hall-effect IC
52, switch 24 is enabled. For situations in which redundancy is desired, a door-
presence sensor 54 for detecting when a door is present on a foot controller may also
be used. Like sensor 48, sensor 54 may consist of a magnet 56 on door 18 and a
Hall-effect IC 58. In much the same way as sensor 48 detects that the dooris in a
proper position, if sensor 54 is used, then the presence of door 18 must be detected
before switch 24 is enabled. That is to say in such a redundant system, surgical
switch 24 is disabled except when the door is present and open as detected by
sensors 54 and 48, respectively. Requiring door 18 to be open before switch 24 is
enabled prevents a foreign object being lodged between door 18 and switch 24 from

activating the surgical equipment upon closure of door 18.

In a still further embodiment of the present invention, the satellite switch 36
which is separate from, but electrically connected to, the foot controller 32 may be

enabled by sensors 48 and 54. In such a configuration, satellite 36 is disabled except
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when the door 18 is in an open position. Or, in a redundant system, satellite 36 is
disabled except when the door is present and in an open position. Such a
configuration may be highly desirable when console 34 includes a laser controlled
by switches 24 and/or 36, since the inadvertent operation of switch 24 or switch 36

could cause serious injury to the patient or others in the operating room.

Various embodiments of an inventive surgical system 30 have been
described. The disablement of foot controller 32, switch 24, and satellite switch 36

may be made from surgical console 34 with or without the use of sensors 48 and 54.

It is noted that foot controller 32 is essentially identical to foot controller 10

except that sensors 48 and 54 have been added.

FIG. 4 shows a block diagram of a circuit incorporating commercially
available Hall-effect ICs 52 and 58. In addition to Hall-effect IC 52, sensor 48
includes a switch 60 (in a preferred embodiment switches 60 and 64 combine to
form switch 24) which is connected to a relay 62. Switch 60 is typically electrically
open and unpowered, unless Hall-effect IC 52 detects the presence of magnet 50, in
which case switch 60 is powered and enabled. In an enabled state, switch 60 then
controls relay 62. Relay 62 then sends an enabling signal to surgical console 34

causing the surgical instrument associated with switch 24 to operate. If redundancy
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is desired, Hall-effect IC 58 then cooperates with Hall-effect IC 52 to enable or

disable switch 24 and/or 36.

Switch 64 and relay 66 provide redundancy for switch 60 and relay 62. Ina
situation where switch 60 has failed in a powered and enabled position, switch 64
and relay 66 ensure that the surgical instrument attached to switch 24 will not be
enabled accidentally. In a similar fashion, Hall-etfect 1C 58 prevents accidental
operation because of the failure of Hall-effect IC 52. Therefore, only IC 52, switch
64, and relay 62 are needed for operation of the circuit of FIG. 4. IC 58, switch 64,

and relay 66 provide a measure of safety redundancy.
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The claims defining the invention are as follows:

1. A foot controller for use with ophthalmic surgery equipment comprising:

a foot controller having a door;

wherein the door is a cover for a surgical switch when the door is in a closed
position;

wherein the door is a shroud for the surgical switch when the door is in an open
position;

wherein the foot controller comprises:

a door-position sensor for disabling activation of the surgical switch except when
the door is in an open position and the door is constructed and arranged to function as a

heel-rest when the door is in the closed position.

2. A foot controller as claimed in Claim 1 wherein the door position sensor is a

Hall-effect sensor.

3. A foot controller as claimed in Claim 1 or Claim 2 wherein the surgical

switch is adapted to control a surgical laser.

4. A foot controller as claimed in any preceding claim further including a
satellite switch separate from but electrically connected to the foot controller such that the

satellite switch is disabled except when the door is in an open position.

5. A foot controller as claimed in Claim 4 wherein the surgical switch and the

satellite switch are adapted to control a surgical laser.

6. A foot controller as claimed in any preceding claim further including a door
presence sensor wherein the surgical switch is disabled except when the door presence
sensor detects the presence of the door and when the door position sensor detects the door

in an open position.

7. A foot controller as claimed in Claim 6 wherein the door presence sensor is a

Hall-effect sensor.

8. A foot controller as claimed in any preceding claim which additionally

comprises an accelerator-type pedal.

AH21(984860_1).PRW
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9.  An ophthalmic surgical system comprising;:
a surgical console;

a laser attached to and controlled by the surgical console;

5 a foot controller for activating various surgical functions and instruments including
the laser;

wherein the foot controller is as defined in any preceding claim.

10. A foot controller substantially as herein described and illustrated with

10 reference to the accompanying drawings.

11.  An ophthalmic surgical system substantially as herein described and

illustrated with reference to the accompanying drawings.

Dated 25 October, 2007
Bausch & Lomb Incorporated

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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