wo 20107147736 A2 I 0K O OO R A

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

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

23 December 2010 (23.12.2010)

(10) International Publication Number

WO 2010/147736 A2

(51) International Patent Classification:
A61B 3/16 (2006.01)

(21) International Application Number:

PCT/US2010/036040

(22) International Filing Date:

25 May 2010 (25.05.2010)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
12/486,459 17 June 2009 (17.06.2009) Us

Applicant (for all designated States except US): ALCON
, INC. [CH/CH]; Bosch 69, Hunenberg (CH).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): BOUKHNY,
Mikhail [US/US]; 28356 Chat Drive, Laguna Niguel,
California 92677 (US). BOURNE, John Morgan
[US/US]; 507 Celestial Pointe, Tustin, California 92782
(US). SUSSMAN, Glenn Robert [US/US]; 28602 Ran-
cho Grande, Laguna Niguel, California 92677 (US).

Agents: HENRICHS, Russell et al.; 6201 South Free-
way, Mail Code: TB4-8, Fort Worth, Texas 76134 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, 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, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: FLUIDICS CONTROL VIA WIRELESS TELEMETRY

information
113 \
ﬁ_ — , e
Transmitter Receiver Controller
Sensor i
Yl 103 — i | s 107 l
Fluidics Management System |
109 |
Surgical Console
M
FIG. 1

(57) Abstract: In various embodiments, a pressure sensor may be configured to detect pressure information associated with pres-
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FLUIDICS CONTROL VIA WIRELESS TELEMETRY
By: Mikhail Boukhny, John Bourne, and Glenn Sussman

FIELD OF THE INVENTION

The present invention generally pertains to pressure detection. More
particularly, but not by way of limitation, the present invention pertains to pressure

detection for fluidics control.

DESCRIPTION OF THE RELATED ART

Various fluidic systems used in ocular surgeries today may use pressure

measurements obtained from fluid lines entering and/or exiting a surgical handpiece.
The pressure may be measured in these fluid lines at an external operating console.
Because the fluid lines are often several feet in length, pressure losses along the
length of the tubing may require intraocular (IOL) pressure levels to be extrapolated
from the detected pressure in the lines. Further, there may be a response delay in
obtaining 1OL  pressure changes because of the long fluid lines.

Flexibility/compliance of the tubing may also affect a pressure determination.
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SUMMARY OF THE INVENTION

In various embodiments, a pressure sensor may be configured to detect
pressure information associated with pressure in an eye during an ophthalmic surgical
5  procedure and may wirelessly communicate this information, through a transmitter, to
a receiver in communication with a surgical console. The surgical console may use
the pressure information to control pressure at a surgical site during a surgical
procedure on the eye. For example, controlling the pressure may include maintaining

a desired IOL pressure level within the surgical site at the eye.

10

In some embodiments, the pressure sensor may include a strain gage coupled
to a contact lens. Through the contact lens, the pressure sensor may detect changes in
IOL pressure by detecting changes in corneoscleral curvature of the eye. In some
embodiments, the pressure sensor may include a bridge circuit coupled to a sleeve
15 (e.g., an irrigation sleeve) of an ocular surgical handpiece to detect a pressure of
irrigation fluid within the irrigation sleeve (which may correspond to an IOL pressure

of the eye). Other pressure sensor configurations are also contemplated.

2
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, reference is made
to the following description taken in conjunction with the accompanying drawings in
5 which: FIG. 1 illustrates a block diagram of a pressure sensor for fluidics control,
according to an embodiment;
FI1G. 2 illustrates a pressure sensor with a strain gauge and inductor, according
to an embodiment;
FIG. 3 illustrates a pressure sensor in a contact lens for an eye, according to an
10  embodiment;
FIGs. 4a-b illustrate a pressure sensor with a bridge circuit, according to an
embodiment;
FIGs. 5a-b illustrate a pressure sensor on an irrigation sleeve of a surgical
handpiece;
15 FIG. 6 illustrates an electrical diagram of a pressure sensor with a strain gauge
in communication with a fluidics system;
FIGs. 7a-c illustrate electrical diagrams of configurations of a pressure sensor
with one or more strain gauges in communication with a fluidics system;
FIGs. 8a-8b illustrate embodiments of surgical consoles;
20 FIG. 9 illustrates a flowchart of a method for detecting pressure information,
according to an embodiment; and
FIG. 10 illustrates a fluidics management system, according to an

embodiment.

25 It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are intended to

provide a further explanation of the present invention as claimed.

3
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DETAILED DESCRIPTION OF THE EMBODIMENTS

FIG. 1 illustrates a block diagram of a pressure sensor 101 for fluidics control,

according to an embodiment. In some embodiments, a pressure sensor 101 may be

5  placed near the eye (e.g., on a contact lens or a surgical handpicce sleeve) to provide
pressure information 113 to a surgical system before, during, or after a surgical
procedure. For example, the pressure sensor 101 may provide pressure information

113 on a detected intraocular (IOL) pressure of the eye to an ophthalmic surgical
system that may then use the pressure information 113 to, for example, maintain a

10 desired IOL pressure during the surgical procedure. Pressure sensor 101 may also
provide pressure information 113 outside of a surgical context (e.g., as part of a

routine eye examination).

In various embodiments, pressure information 113 from the pressure sensor

15 101 may be wirelessly transmitted through a transmitter 103 to a receiver 105. In
some embodiments, the transmitter 103 and pressure sensor 101 may be coupled
together on a contact lens or surgical handpiece sleeve (e.g., through a wired or
wireless connection). In some embodiments, the receiver 105 may be coupled to a
fluidics management system 109 of a surgical console 111. In some embodiments,

20  the receiver 105 and fluidics management system 109 may be communicatively
coupled through a communication link (such as a wired or wireless link). In some
embodiments, the receiver 105 may be a component of the fluidics management
system 109. The surgical console 111 may include a phacoemulsification surgical
console 801a (see FIG. 8a) or a multifunctional surgical console 801b for anterior and

25  posterior segment ophthalmic surgeries (see FIG. 8b). Other surgical console types
and surgery types are also contemplated. The fluidics management system 109 may

be a component in the surgical console 801a,b or may be a separate device. In some
embodiments, a controller 107 coupled to the receiver 105 and/or a controller coupled

to the pressure sensor 101 may coordinate communication of the pressure information

30 113 (e.g., coordinate wireless communication between the transmitter 103 and the

receiver 105, information formatting, error checking, etc).

4
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FIG. 2 illustrates a pressure sensor 101 that includes a strain gauge 201 and an

inductor 203, according to an embodiment. In some embodiments, the strain gauge

201 may detect changes in forces acting on the contact lens and/or sleeve. For
example, as seen in FIG. 3, a strain gauge 201 embedded in a contact lens 301 on the

5  surface of an eye 303 may detect changes in corneoscleral curvature indicative of
changes in IOL pressure. These changes may be transmitted to the fluidics
management system 109 of surgical console 111 which may change one or more
surgical parameters (e.g., irrigation flow rate or aspiration pressure for a handpiece) to
maintain a desired IOL pressure in the eye 303. The pressure sensor 101 may be

10 powered by the inductor 203 (e.g., wirelessly powered through an external signal
received by the inductor 203). In some embodiments, magnetic telemetry may allow
communication (e.g., in the form of a low frequency signal) between, for example,
circuitry on the handpiece (e.g., including a primary coil) and the circuit on the
pressure sensor (which may act as a secondary coil receiving and/or sending signals

15  with pressure information back to the handpiece). Other power mechanisms and
mechanism locations are also contemplated (e.g., a small lithium battery attached to

the pressure sensor).

Various configurations may be used for the pressure sensor 101 embedded in

20  the contact lens 301. For example, the pressure sensor 101 may include one or more
conductive wires (e.g., in a strain gauge configuration) embedded in a soft silicone
contact lens. As another example, the pressure sensor 101 may include conductive
traces deposited on the surface of the contact lens 301. In some embodiments, the
conductive traces may be deposited in an internal layer of the contact lens 301 (e.g.,

25  with a silicone layer above and below the conductive traces). Other materials and
configurations are also possible. For example, the contact lens 301 may be made of a

rigid material (e.g., glass) with a layer of less rigid material (such as soft silicone)
deposited on an underside of the contact lens 301 that is configured to be in contact

with the eye 303. The conductive traces may be deposited in this less rigid layer. In

30  some embodiments, components of the pressure sensor 101, inductor 203, transmitter
103, and/or antenna may be included on a chip (e.g., a silicone chip with conductive

traces) that is coupled to the surface of the contact lens 301 (or embedded inside the

5
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contact lens 301). In some embodiments, the transmitter 103 and/or antenna may be
placed with the pressure sensor 101 or may be separated from the pressure sensor 101
(e.g., on a different part of the contact lens 301 or placed off of the contact lens 301).
For example, the pressure sensor 101 may include a pattern of material on the contact
5  lens 301 that is visually monitored above the pressure sensor 101 (e.g., by equipment
placed external to the eye 303) for changes in the pattern (e.g., the material may be
placed in lines that get closer or separate in response to changes in corneoscleral
curvature). The visual monitoring may be a wireless pressure detection such that the
pressure may be detected and/or communicated without wired communication

10 between the pressure sensor 101 on the eye 303 and the surgical console 111.

In various embodiments, the pressure sensor 101 and contact lens 301 may be

more directly interrelated. For example, the pressure sensor 101, inductor 203,
transmitter 103, and/or antenna may be made of ultra lightweight materials (such as a

15 thin silicone layer (i.e., the contact lens) to be placed directly on the eye 303 with thin
conductive traces embedded in the silicone layer and arranged (e.g., in multiple layers
similar to copper traces in a silicone wafer) to function as the pressure sensor 101,
inductor 203, transmitter 103, and/or antenna). In some embodiments, the pressure
sensor 101, inductor 203, transmitter 103, and/or antenna may be made up of

20  conductive traces that are deposited directly onto the eye (e.g., by depositing a thin
layer of silicone, then the conductive traces forming the circuitry of the pressure
sensor 101, inductor 203, transmitter 103, and/or antenna onto the deposited layer of
silicone). In some embodiments, the conductive traces may be deposited onto the eye

303 without a thin layer of silicone (e.g., the conductive traces may be sprayed onto

25  the eye 303 using a conductive non-abrasive material that is atomized and sprayed in
ultra-thin lines in an even manner to prevent sharp irregularities on the eye surface).

In some embodiments, the pressure sensor 101, inductor 203, transmitter 103, and/or
antenna may be inserted into the eye (e.g., through a surgical incision made in the eye
during a surgical procedure) and placed on an internal component of the eye 303 (e.g.,

30  on the inside of the cornea, the anterior chamber, the iris, the posterior chamber, the

sclera, the choroids, the retina, etc.) for detecting pressure on an internal structure of

6
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the eye 303. In various embodiments, the materials placed on or in the eye may be

removed at a later time or may be bioabsorbable.

FIGs. 4a-b illustrate a pressure sensor 101 with a bridge circuit 401 that may

5  be placed on a sleeve 405 (which may be disposable) of a surgical handpiece 407,
according to an embodiment. In some embodiments, as seen in FIGs. 5a-b, pressure
sensor 101 may be placed on an irrigation sleeve 405 of a phacoemulsification
surgical handpiece 407. One such sleeve is described in U.S. Patent Application
Publication No. 20080167604 entitled “Irrigation/Aspiration Tip” whose inventor is

10 Karen Hong, which was filed on January 9, 2007, which is hereby incorporated by
reference in its entirety as though fully and completely set forth herein. Other
handpiece types and sleeves are also contemplated. In some embodiments, the
pressure sensor 101 may be embedded in the sleeve 405. For example, the pressure
sensor 101 may include one or more conductive wires embedded in a silicone sleeve

15  405. As another example, the pressure sensor 101 may include conductive traces
deposited on the surface of the sleeve 405. In some embodiments, the conductive
traces may be deposited in an internal layer of the sleeve 405 (e.g., with a silicone
layer above and below the conductive traces). Other materials and configurations are

also possible. In some embodiments, components of the pressure sensor 101, inductor

20 203, transmitter 103, and/or antenna may be included on a chip (e.g., a silicone chip
with conductive traces) that is coupled to the surface of the sleeve 405 (or embedded
inside the sleeve 405). In some embodiments, the transmitter 103 and/or antenna may

be placed with the pressure sensor 101 or may be separated from the pressure sensor

101 (e.g., on a different part of the sleeve 405 or placed off of the sleeve 405). A

25  signal between the pressure sensor 101 and the transmitter may travel along a wire or
conductive trace along the sleeve to the transmitter which may be on a main body of

the handpiece 407.

In some embodiments, the pressure sensor 101 on the irrigation sleeve 405
30 may detect a pressure inside the eye 303 when the sleeve is inserted in the eye 303.
For example, the pressure sensor 101 on the irrigation sleeve 405 may detect a

pressure of the irrigation fluid in the sleeve 405 that may be in fluid communication

7
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with the interior of the eye 303 (and, therefore, the detected pressure of the irrigation

fluid may correspond to the pressure inside the eye 303). Other pressure information

113 may also be detected. The detected pressure information 113 may be
communicated through a transmitter 103 to the fluidics management system 109 of a

5  surgical console 111. As seen in FIG. 6, the pressure sensor 101 may include a strain
gauge 201 and an inductor 203. In some embodiments, the strain gauge 201 may
include multiple loops 601 of conductive wires and/or traces that change resistance in
response to changes in underlying pressure that constrict or expand the surface of the
strain gauge 201. The change in resistance (which may be indicative of the change in

10 underlying pressure) may be detected and communicated to the fluidics management
system 109. As seen in FIGs. 7a-c, the pressure sensor 101 may include one or more
strain gauges 201 and resistors formed in a bridge circuit (e.g., see bridge circuits
701a-c in FIGs. 7a-¢). FIG. 7a shows a single strain gauge with three resistors in a
bridge circuit 701a. FIG. 7b shows two strain gauges and two resistors in a bridge

15 circuit 701b, and FIG. 7¢ shows four strain gauges in a bridge circuit 701c. Other
numbers of strain gauges and other bridge circuit configurations are also possible.
Each additional strain gauge may add sensitivity to the bridge circuit 401 (e.g.,

sensitivity to detect underlying pressure changes with greater accuracy).

20 FIG. 9 illustrates a flowchart of a method for detecting a pressure associated
with the eye and using the detected pressure to modify a surgical parameter. The
elements provided in the flowchart are illustrative only. The provided elements may
be omitted, additional elements may be added, and/or various elements may be

performed in a different order than provided below.

25
At 901, a pressure sensor 101 may be placed in fluid communication with the
eye 303. For example, the pressure sensor 101 may be placed on a contact lens 301
on the eye 303, placed on or in the eye 303, placed on a handpiece sleeve 405 that is
inserted into the eye 303, etc.
30

At 903, pressure information 113 may be detected through the pressure sensor

101. Pressure information 113 may include a detected pressure (e.g., in mmHg) or

8
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may be information associated with pressure (e.g., a detected resistance of a strain
gauge, a current level (in amps), a voltage (in volts), etc. of the pressure sensor 101).
In some embodiments, the IOL pressure of the eye 303 may be detected, a pressure of
an irrigation fluid in a handpiece 407 may be detected, a pressure of an aspiration line
5  of the handpiece 407 may be detected, etc. Other information indicative of a pressure

or a change in pressure is also contemplated.

At 905, the detected pressure information 113 may be wirelessly
communicated to the fluidics management system 109 (e.g., on an ophthalmic

10 surgical console). For example the detected pressure information 113 may be
transmitted through transmitter 103 coupled to the pressure sensor 101 and may be
received by receiver 105 in the fluidics management system 109. In some
embodiments, the receiver 105 may be remote from the fluidics management system

109 and may transmit the pressure information 113 to the fluidics management system

15 109 through a wired or wireless interface. For example, the transmitter 103 may be
embedded in a contact lens 301 or sleeve 405 and the receiver 105 may be in a
handpiece 407 or other piece of surgical equipment. The receiver 105 may include a
larger power source (than coupled to transmitter 103) and may be able to transmit the
pressure information 113 over a greater distance to the fluidics management system

20 109 than the distance between the transmitter 103 and the receiver 105.

At 907, the fluidics management system 109 may use the detected pressure
information 113 to modify one or more parameters of a surgical procedure being
performed on the eye 303. For example, the fluidics management system 109 may

25  adjust the irrigation flow rate or aspiration vacuum of the handpiece 407 to maintain a
detected IOL pressure within a predetermined safe range (e.g., approximately between
13 to 20 mmHg) (other pressures are also contemplated). In some embodiments, the
fluidics management system 109 may adjust parameters of the surgical procedure
with other objectives (e.g., to maintain an aspiration vacuum level within a
30  predetermined range). In some embodiments, the pressure information 113 may be

communicated to the fluidics management system 109 in real time during the ocular

9
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surgery. In some embodiments, the pressure information may be saved and relayed in

batches or upon being queried by the fluidics management system 109.

At 909, the pressure sensor 101 may be removed from fluid communication

5  with the eye 303. For example, the contact lens 301 may be removed from the eye
303 or the sleeve 405 may be removed from the eye 303. Other removal methods are

also contemplated (e.g., the pressure sensor 101 may be bioabsorbable and may be
absorbed by the body). In some embodiments, the pressure sensor 101 may stay in

fluid communication with the eye 303 after surgery. For example, pressure

10 information 113 may continue to be transmitted after the ocular surgery to monitor the

eye 303 for spikes in IOL pressure.

In some embodiments, the surgical console 111, fluidics management system

109, controller 107, pressure sensor, etc. may include one or more processors (e.g.,

15 processor 1001) and/or one or more memory components. The processor 1001 may
include single processing devices or a plurality of processing devices. Such a
processing device may be a microprocessor, controller (which may be a micro-
controller), digital signal processor, microcomputer, central processing unit, field
programmable gate array, programmable logic device, state machine, logic circuitry,

20 control circuitry, analog circuitry, digital circuitry, and/or any device that manipulates
signals (analog and/or digital) based on operational instructions. The memory 1003
coupled to and/or embedded in the processors 1001 may be a single memory device or

a plurality of memory devices. Such a memory device may be a read-only memory,
random access memory, volatile memory, non-volatile memory, static memory,

25  dynamic memory, flash memory, cache memory, and/or any device that stores digital
information. Note that when the processors 1001 implement one or more of its
functions via a state machine, analog circuitry, digital circuitry, and/or logic circuitry,

the memory 1003 storing the corresponding operational instructions may be
embedded within, or external to, the circuitry comprising the state machine, analog

30 circuitry, digital circuitry, and/or logic circuitry. The memory 1003 may store, and
the processor 1001 may execute, operational instructions corresponding to at least

some of the elements illustrated and described in association with FIG. 9.

10
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Various modifications may be made to the presented embodiments by a person
of ordinary skill in the art. For example, although some of the embodiments are
described above in connection with strain gauge pressure sensors it can also be used

5  with other types of pressures sensors and in other environments (e.g., on a blood
vessel, etc). Other embodiments of the present invention will be apparent to those
skilled in the art from consideration of the present specification and practice of the
present invention disclosed herein. It is intended that the present specification and
examples be considered as exemplary only with a true scope and spirit of the

10 invention being indicated by the following claims and equivalents thereof.

11
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WHAT IS CLAIMED IS:

1. A system, comprising:

a pressure sensor configured to detect pressure information associated with

5  pressure in an eye during an ophthalmic surgical procedure;

a transmitter coupled to the pressure sensor configured to wirelessly
communicate the pressure information;

a receiver configured to receive the wirelessly transmitted pressure
information;

10 wherein the receiver is configured to provide the received pressure

information to a surgical console and wherein the surgical console is configured to at
least partially use the pressure information to modify one or more parameters of a

surgical procedure.

15 2. The system of claim 1, wherein modifying one or more parameters comprises
modifying an irrigation pressure or aspiration vacuum to maintain a desired

intraocular (IOL) pressure level within the surgical site at the eye.

3. The system of claim 1, wherein the pressure sensor comprises a strain gage

20 coupled to a contact lens.

4, The system of claim 1, wherein the pressure sensor is configured to detect

changes in IOL pressure by detecting changes in corneoscleral curvature of the eye.

25 5. The system of claim 1, wherein the pressure sensor comprises a bridge circuit

coupled to an irrigation sleeve of an ocular surgical handpiece.

6. The system of claim 5, wherein the pressure sensor is configured to detect a
pressure of irrigation fluid within the irrigation sleeve and wherein the pressure of the

30 irrigation fluid corresponds to an IOL pressure of the eye.

12
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7. The system of claim 1, further comprising an inductor coupled to the
transmitter, wherein the inductor is configured to supply power to the transmitter for

wirelessly transmitting the pressure information.

5 8. The system of claim 1, wherein the pressure sensor comprises a bridge circuit

comprising at least one strain gauge.

9. The system of claim 1, wherein the pressure sensor comprises a silicone
contact lens with at least one strain gauge comprising a conductive trace embedded in

10  the contact lens.

10. A method, comprising:
placing a pressure sensor in fluid communication with an eye;
detecting pressure information through the pressure sensor;
15 wirelessly communicating the detected pressure information to an ophthalmic
surgical console; and
modifying at least one parameter of an ophthalmic surgical procedure using

the detected pressure information.

20 11.  The method of claim 10, further comprising removing the pressure sensor.

12.  The method of claim 10, wherein modifying at least one parameter comprises
modifying an irrigation pressure or aspiration vacuum to maintain a desired
intraocular (IOL) pressure level within the surgical site at the eye.

25
13, The method of claim 10, wherein the pressure sensor comprises a strain gage

coupled to a contact lens.

14. The method of claim 10, wherein the pressure sensor is configured to detect

30 changes in IOL pressure by detecting changes in corneoscleral curvature of the eye.

13
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15.  The method of claim 10, wherein the pressure sensor comprises a bridge

circuit coupled to an irrigation sleeve of an ocular surgical handpiece.

16.  The method of claim 15, wherein detecting pressure information comprises
5  detecting a pressure of irrigation fluid within the irrigation sleeve and wherein the

pressure of the irrigation fluid corresponds to an IOL pressure of the eye.

17.  The method of claim 10, further comprising receiving power for the wireless
communication from an inductor, wherein the inductor is configured to supply power

10 to a transmitter for wirelessly transmitting the pressure information.

18.  The method of claim 10, wherein the pressure sensor comprises a bridge

circuit comprising at least one strain gauge.

15 19.  The method of claim 10, wherein the pressure sensor comprises a silicone
contact lens with at least on strain gauge comprising a conductive trace embedded in

the contact lens.

14
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