08/060859 A1 |1 I 0 0000 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | [I

) /IO O T O 0 O

International Bureau

(43) International Publication Date
22 May 2008 (22.05.2008)

(10) International Publication Number

WO 2008/060859 Al

(51) International Patent Classification:
AGIF 9/007 (2006.01) AG6IB 17/00 (2006.01)

(21) International Application Number:
PCT/US2007/083128

(22) International Filing Date: 31 October 2007 (31.10.2007)
English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
11/595,544 10 November 2006 (10.11.2006) US

(71) Applicant (for all designated States except US): BAUSCH
& LOMB INCORPORATED [US/US]; One Bausch &
Lomb Place, Rochester, NY 14604-2701 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HERTWECK,
David, W. [US/US]; 394 Westwind, Valley Park, MO
63088 (US). KNIGHT, Jeffrey, A. [US/US]; 11441
Pineview Crossing Drive, Maryland Heights, MO 63043
Us).

(74) Agents: LARSON, Craig, E. et al.; Bausch & Lomb In-
corporated, One Bausch & Lomb Place, Rochester, NY
14604-2701 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
Declaration under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

Published:
with international search report

(34)

[Continued on next page]

(54) Title: DUAL LINEAR ULTRASOUND CONTROL

22

22

22

:28
24

26
22

~—18

& (57) Abstract: An ophthalmic surgical control system (10) includes a surgical console (12) for controlling a variety of surgical
instruments. A foot controller (18) is connected to the surgical console (12) including a pedal (24) for movement by a user over
a predetermined range in pitch (26) and yaw (28). The system (10) allows the foot controller (18) to independently control two
parameters for a single function where a first parameter is controlled by movement of the pedal (24) in pitch (26) and a second
parameter is controlled by movement of the pedal (24) in yaw (28).



WO 2008/060859 A1 |} DI 00 0000010000 0 0000

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments



WO 2008/060859 PCT/US2007/083128

DUAL LINEAR ULTRASOUND CONTROL

Background of the Invention
1. Field of the Invention

The present invention is related to ophthalmic surgical control
systems having foot controllers and, more particularly, to foot controllers having
foot pedals with movement in both pitch and yaw.
2. Description of Related Art

The use of foot controllers in ophthalmic surgical systems is well
known. The foot controllers typically have a foot pedal that pivots about an axis.
As the pedal is depressed the foot controller causes a change in some operating
function such as ultrasound, irrigation and aspiration, vitrectomy cutter,
coagulation, or some other function. The movement or travel in pitch, i.e. up and
down, of the pedal is typically divided into one or more regions. For example a
total pitch movement of the pedal may be 15° with three regions contained within
the 15° of movement. Continuing with the three region example, each region then
forms some portion of the total 15° of movement. For example region 1 may be
5% of the pitch movement, region 2 may be 30%, and region 3 50% or more.
There is typically some detent that provides tactile feedback to a user as the pedal
moves from one region to the next.

In addition to pitch movement, some foot controllers provide
movement in yas, i.e. side-to-side movement. These foot controllers are referred

to as dual linear foot controllers. One such dual linear foot controller is described
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in US Patent 6,179,829 and assigned to the same assignee as the present
invention and is hereby incorporated in its entirety by reference. The movement in
yaw provides another direction of travel for a surgeon to controller further functions
of surgery. The yaw movement is typically divided between left and right
movements.

Such movement in pitch and yaw provides for effective control of
surgical functions but some functions have multiple parameters that need to be
adjusted during surgery. For example in controlling ultrasound during
phacoemulsification in cataract surgery the function of ultrasound control includes
such parameters as power, pulse rate, duty cycle, pulse duration, pulse interval,
and minimum/maximum duty cycle switching. Prior art systems did not allow the
foot controller to independently control more that one of these parameters at a
time. Typically when the foot controller traveled from one region to the next the
surgical system would force a parameter to a set value or a set change in value as
the parameter of the current region was controlled. This was also true of dual
linear foot controllers. If a surgeon wanted to change a parameter other than the
one currently programmed to the foot controller, the parameter would have to be
changed at the surgical console. This could lead to unwanted delay in the
surgery.

Therefore, a need exists to allow independent control of two
parameters of the same function to provide for more surgeon control and improve

efficiency.
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Brief Description of the Drawings

FIG. 1 is a view of a surgical control system in accordance with the
present invention; and

FIG. 2 is a perspective view of a portion of FIG. 1.

Detailed Description of the Preferred Embodiment

FIG. 1 shows an ophthalmic surgical control system 10 in
accordance with the present invention. System 10 includes a surgical console 12
with a display 14 and control modules (not shown) within body 16. The system 10
is also connected to a foot controller 18 for movement of a pedal by a user over a
pre-determined range in pitch and yaw. Foot controller 18 may be connected to
the console 12 by a cable or wirelessly as indicated by lines 20. Surgical console
12 controls a variety of surgical instruments. The system 10 allows the foot
controller 18 to independently control two parameters for a single function where a
first parameter is controlled by movement of the pedal in pitch and a second
parameter is controlled by movement of the pedal in yaw.

The foot controller 18, best seen in FIG. 2, typically has four buttons
22 and a center foot pedal 24, which has two axes of movement, to control two
linear functions simultaneously or two parameters of a single function
independently. The pedal 24 operates in both pitch (up and down travel indicated
at 26) and yaw (side to side travel indicated at 28). The yaw movement simulates
the side switches used on some systems, and can be set and programmed for left-

foot or right-foot users. Reflux (if selected) is always activated by inward yaw
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displacement of pedal 24. The pedal 24 may be programmed to operate two
linear functions simultaneously (Dual Linear control). The control of linear
functions is proportional to the amount of pedal travel. In single linear mode, pitch
controls the linear functions selected, and yaw provides mode, pitch controls the
liner functions selected, and yaw movements provides on/off control in both
directions.

The pedal 24, located in the center of the foot control, provides two
axes of movement and thus allows simultaneous independent control of two
system parameters. Both pedal movements are programmable with respect to
function and control parameters. In the pitch direction, pedal 24 provides
approximately 15° of up/down movement. In the yaw direction, pedal provides
approximately 10° of travel from center in both the left and right directions,
however, the center (home) position may be offset approximately 5° in either
direction. When released, pedal 24 returns to the home (up or center) position.
The foot controller 18 includes programmable detents (not shown) that provide
tactile feedback to the pitch movement when it moves between different regions.

The following are examples of foot controller 18 configurations>
Single Region Pitch Control (one detent position)

The pitch movement is programmed to provide linear control as a
function of relative pedal 24 displacement (e.g. 0° to 15° down corresponds to 0%
to 100% output). An example of single region pitch control is the linear

coagulation function.
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Two Region Pitch Control

There are two programmable regions (two detent positions). When
programmed for linear control, the pitch movement is a function of relative pedal 2
displacement in region 2 (e.g., 5° to 15° down corresponds to 0% to 100% output).
An example is irrigation/aspiration (I/A) control, where region 1 is for irrigation and
region 2 is for linear vacuum or flow.
Three Region Pitch Control

There are three programmable regions (three detent positions).
When programmed for linear control, pitch movement is a function of relative pedal
24 displacement as shown below. An example is single linear ultrasound phases,
where region 1 is irrigation, region 2 is linear aspiration, and region 3 is linear
power.
Programmable Yaw Positions

The foot controller 18 may be set and programmed to give greater
linear yaw movement for either right or left foot operation.
Single Linear Setup

In vitrectomy mode, the outward yaw movement provides ON/OFF
cutting control. Each successive outward movement toggles the programmed tool
ON or OFF. In ultrasound mode, outward yaw control could be programmed to
toggle between different ultrasound submodes. When pedal 24 is released, it

returns to the center position. Inward yaw movement controls reflux.
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Dual Linear Setup

The outward yaw movement provides linear control of the
programmed function, relative to pedal 24 displacement (e.g., 0° to 15°
displacement corresponds to 0% to 100% output). When pedal 24 is released, it
returns to the center position. Inward yaw movements controls reflux.

Yaw Control of Reflux

The pedal 24 may be programmed for use with either the right or left
foot. Reflux (if selected) is always activated by inward yaw displacement. For a
right foot configuration, reflux is the left (inward). For a left foot configuration,
reflux would be to the right. Reflux may only be activated when aspiration is not
activated.

Yaw Control of Ultrasound Submode

For single linear setup, the ultrasound submode sequence (if
programmed) is activated by inward or outward yaw when the pedal 24 is in region
2 orregion 3. In a Dual Linear setup, the yaw control of the ultrasound submode
can only be activated (if programmed) by inward yaw when pedal 24 is in region 2
or region 3.

The present invention allows for the use the two axis of dual linear
foot controller 18 to vary two parameters associated with, for example, the
ultrasound function for cataract removal. Ultrasound modulations can be
described by various parameters such as power, pulse rate, duty cycle, pulse

duration, and pulse interval. Typical examples are:
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Pulsed Mode: Power, Pulse Rate, and Duty Cycle
Pulsed Mode: Power, Pulse Duration, and Pulse Interval
Multiple Burst Mode: Power, Pulse Duration, and Minimum/Maximum Duty
Cycle
The present invention allows two of the three parameters in the
above exemplary modes to be controlled with the pitch and yaw axis of pedal 24.
The modes provided are:
Linear Power Linear Pulse:
Power is varied between and minimum and a maximum with foot controller
18 motion in either pitch or yaw,
Pulse Rate is varied between and minimum and a maximum with foot
controller 18 motion in the other of pitch or yaw not selected for power
control,
Duty Cycle is a fixed console setting.
In each of the following examples as in the above example the first parameter to
be varied may be set for either pitch or yaw and the second parameter is then set
to be varied in the direction other than that chosen for the first parameter.
Linear Power Linear Duty Cycle
Power is varied between a minimum and a maximum with foot controller 18
motion,
Pulse Rate is a fixed console setting,
Duty Cycle is varied between a minimum and a maximum with foot

controller 18 motion.
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Dual Linear Multiple Burst
Power is a fixed console setting,
Burst Duration is varied between a minimum and a maximum with foot
controller 18 motion,
Duty Cycle is varied between a minimum and a maximum with foot
controller 18 motion.
Variable Power Multiple Burst
Power is varied between a minimum and a maximum with foot controller 18
motion,
Burst Duration is a fixed console setting,
Duty Cycle is varied between a minimum and a maximum with foot
controller 18 motion.
Variable Power Linear Burst
Power is varied between a minimum and a maximum with foot controller 18
motion,
Burst Duration is varied between a minimum and a maximum with foot
controller 18 motion,
Burst Interval is a fixed console setting.
The mapping from the foot controller 18 position to the parameter set
point may be linear or non-linear and also may be reversed, such that the

minimum foot pedal travel produces the maximum parameter value.
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Thus, there has been shown a control system that allows
independent control of two parameters of a single function with the pedal of a foot
controller. Prior art system only allowed a single parameter of a function to be
controlled with the pedal. All parameters but one were fixed console settings in
prior art systems. By allowing two parameters to be independently controlled by
the foot controller the surgeon has greater flexibility and control, which should
result in more efficient surgery.

In addition to the above example of control of the function of
ultrasound it is possible to independently control two parameters of other function
such as vitrectomy cutters. Control of vitrectomy cutter parameters includes cut
rate, duty cycle, min/max cut rate, and burst duration and rate. Another function
that may be controlled is fluid flow, where the parameters include at least irrigation
and aspiration. Other functions and their associated parameters may be apparent
to those skilled in the art and are intended to be within the scope of the present
invention.

Additional control modes are possible including modes where
multiple parameters may be controlled on the same axis of motion, each with their
own mapping from foot control position to parameter value. In addition, it is also
possible to have modes where any of the parameters may be set to vary between

a minimum and a maximum value automatically over time.
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What is Claimed:

1. An ophthalmic surgical control system comprising:

a surgical console for controlling a variety of surgical instruments;

a foot controller connected to the surgical console including a pedal for
movement by a user over a pre-determined range in pitch and yaw;

wherein the system allows the foot controller to independently control two
parameters for a single function where a first parameter is controlled
by movement of the pedal in pitch and a second parameter is
controlled by movement of the pedal in yaw.

2. The system of claim 1, wherein the foot controller is connected to the
console wirelessly.

3. The system of claim 1, wherein the pedal moves in pitch approximately
fifteen degrees and the pedal moves in yaw approximately 10 degrees.

4. The system of claim 1, wherein the function to be controlled includes
ultrasound and the parameters include at least power, pulse rate, duty
cycle, pulse duration, and pulse interval.

5. The system of claim 1, wherein the function to be controlled includes fluid
flow and the parameters includes at least irrigation and aspiration.

6. The system of claim 1, wherein the function to be controlled includes
vitrectomy cutting and the parameters include at least cut rate, duty cycle,

min/max cut rate, and burst duration and rate.

10
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10.

11.

A method of operating an ophthalmic surgical control system comprising the

steps of:

providing a surgical console and controlling a variety of surgical
instruments;

connecting a foot controller to the surgical console, the foot controller
including pedal for movement by a user over a pre-determined range
in pitch and yaw; and

independently controlling with the foot controller two parameters of a single
function where a first parameter is controlled by movement of the
pedal in pitch and a second parameter is controlled by movement of
the pedal in yaw.

The method of claim 7, wherein the connecting step includes connecting

the foot controller to the console wirelessly.

The system of claim 7, wherein the function to be controlled includes

ultrasound and the parameters include at least power, pulse rate, duty

cycle, pulse duration, and pulse interval.

The system of claim 7, wherein the function to be controlled includes fluid

flow and the parameters includes at least irrigation and aspiration.

The system of claim 7, wherein the function to be controlled includes

vitrectomy cutting and the parameters include at least cut rate, duty cycle,

min/max cut rate, and burst duration and rate.

11
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