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(57) Abrege(suite)/Abstract(continued):

channel 110 has a downstream portion 112 disposed down-stream of the vertically-oriented flow channel 130, and an upstream
portion 118 disposed upstream of the vertically-oriented flow channel 130. The downstream portion 112 of the diagonally-oriented
flow channel 110 has a cross-sectional area 114 that is greater than that of the upstream portion 118. The downstream portion's
cross-sectional area 114 Is greater than the upstream portion's cross-sectional area 124 by an amount or percentage that Is
sufficient to slow fluid flow through the diagonally-oriented flow channel 110, so as to cause air within the fluid to rise and flow Into
the vertically-oriented flow channel 130.



WO 2009/076098 A3 | 1) I} D000 0000 0 000 0 R

CA 02708305 2010-06-08

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

(19) World Intellectual Property Organization ‘

International Bureau

(43) International Publication Date
18 June 2009 (18.06.2009)

L WD OO 0 O A 00

(10) International Publication Number

WO 2009/076098 A3

b

(1)

(22)

(25)
(20)
(30)

(71

(72)
(73)

International Patent Classification:
A6IM 1/00 (2006.01)

International Application Number:
PCT/US2008/085246

International Filing Date:
2 December 2008 (02.12.2008)

English
English

Filing Language:
Publication Language:

Priority Data:
11/955,638 13 December 2007 (13.12.2007) US

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

Inventors; and

Inventors/Applicants (for US only): JONES, Ross, Pe- (84

ter [AU/GB]; 84 Whulfstan Way, Cambridge, Cam-
bridgeshire CB1 8QH (GB). LUTWYCHE, Mark, Ian

(74)

(81)

[GB/US]; 1008 Green Hill Farm Road, Reisterstown, MD
21136 (US).

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

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AQO, 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, 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, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US,UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
UM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZVW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

[Continued on next page]

(34) Title: AIR SEPARATOR FOR OPHTHALMIC SURGICAL SYSTEM

o
122 /'
I 4‘;
AN
104 '\%A .-&-.'5 5
106 —~_Q§_ v o
108 —~_Q JEA | [~ 112

(57) Abstract: An air bubble separator is provided for
ophthalmic surgical systems, which includes a housing
102 having a diagonally-oriented flow channel 110 and a
vertically-oriented flow channel 130 adjoining the diago-
nally oniented channel. The diagonally-oriented flow chan-
nel 110 has a downstream portion 112 disposed down-
stream of the vertically-oriented flow channel 130, and an
upstream portion 118 disposed upstream of the vertically-
oriented flow channel 130. The downstream portion 112 of
the diagonally-oriented flow channel 110 has a cross-sec-
tional arca 114 that is greater than that of the upstream
portion 118. The downstream portion's cross-sectional area
114 1s greater than the upstream portion's cross-sectional
area 124 by an amount or percentage that is sufficient 1o
slow fluid flow through the diagonally-oriented flow chan-
nel 110, so as to cause air within the fluid to rise and flow
Into the vertically-oriented flow channel 130.
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AIR SEPARATOR FOR OPHTHALMIC SURGICAL SYSTEM

FIELD

The present invention relates to sensing an aspiration flow rate in a
surgical pump system. More particularly, the present application is directed

towards cassettes for use with ophthalmic microsurgical pump systems.

BACKGROUND

The statements in this section merely provide background information
related to the present disclosure and may not constitute prior art.

The flow and flow rate of tissue and fluids through an aspiration tube is of
interest during operations, including ophthalmic operations. During ophthalmic
microsurgery, small probes are inserted into an operative site to remove tissues
and fluids may be infused into the operative site. Infusion fluids may also be
aspirated from the site. Surgical cassettes may also be coupled to surgical
probes, to provide for collection of aspirated fluids. Measurement of the surgical
aspiration flow rate may be valuable in that it can provide for safe control of the
ophthalmic surgical equipment. However, passage of air bubbles, among other
factors, within the aspiration measurement device can make measurement of the
flow rate difficult to achieve.

Therefore, it would be desirable to incorporate an air filtering or diverting
means Into a disposable surgical cassette to permit accurate measurement of

flow rate by removing or greatly reducing any effect of the air bubbles.
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SUMMARY

The present disclosure relates to ophthalmic surgical systems in which an
aspiration flow channel is disposed and configured to separate air from liquid
flowing therethrough. In accordance with one aspect of the present application, a
surgical cassette for ophthalmic surgical systems is provided that includes a
housing that has a first diagonally-oriented flow channel and a second vertically-
oriented flow channel adjoining the first diagonally-oriented flow channel to
establish fluid communication therebetween. The first diagonally-oriented flow
channel has a downstream portion disposed downstream of the second
vertically-oriented flow channel, and an upstream portion disposed upstream of
the second vertically-oriented flow channel. The downstream portion of the first
diagonally-oriented flow channel has a cross-sectional area that is greater than
that of the upstream portion. The downstream portion's cross-sectional area is
greater than the upstream portion's cross-sectional area by an amount or
percentage that is sufficient to slow fluid flow through the first diagonally-oriented
flow channel, so as to allow air within the fluid to rise and flow into the second
vertically-oriented flow channel.

Further areas of applicability will become apparent from the description
provided herein. It should be understood that the description and specific

examples are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for illustration purposes only and are
not intended to limit the scope of the present disclosure in any way.

FIG. 1 is a cut-away perspective view of part of a housing for one
embodiment of a cassette for an ophthalmic surgical system in accordance with
the principles of the present disclosure; and

FIG. 2 is a cut-away perspective view of part of a housing for a second
embodiment in accordance with the principles of the present disclosure.
DETAILED DESCRIPTION

The following description is merely exemplary in nature and is not
intended to limit the present disclosure, application, or uses. It should be
understood that throughout the drawings, corresponding reference numerals
indicate like or corresponding parts and features.

In one embodiment, an air separator is provided in a aspiration flow
measurement device 100 for use in ophthalmic surgical systems. The aspiration
flow measurement device 100 includes a housing 102 that may have an inlet 104
for receiving an aspirated fluid from a surgical site not shown), an outlet 106 for
output of air separated from the aspirated fluid, and an outlet 108 for output of
the aspirated fluid to a coliection reservoir (not shown). The housing 102 has a
diagonally-oriented flow channel 110, and a vertically-oriented flow channel 130
that adjoins the diagonally-oriented flow channel at a junction 116.

The diagonally-oriented flow channel 110 has a downstream portion 112

disposed downstream of the junction 116. The diagonally-oriented flow channel
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110 also has an upstream portion 122 disposed upstream of the junction 116,
which is in communication with an inlet flow channel 122. The inlet flow channel
122 (and the inlet to the upstream portion 122) has a cross-sectional area 124 of

a size that is sufficient to permit or establish a fluid flow velocity Vs of, for

example, between 100 and 130 millimeters per second therethrough. The
downstream portion 112 of the diagonally-oriented flow channel 110 has a cross-
sectional area 114 that is greater than that of the upstream cross-sectional area
124. Preferably, the downstream portion's cross-sectional area 114 is greater
than the upstream cross-sectional area 124 by an amount or percentage that is
sufficient to slow fluid flow through the diagonally-oriented flow channel 110 so
as to cause air within the fluid to rise along the diagonally-oriented surface 120
and enter into the vertically-oriented flow channel 130. Of course, those skilled in
the art will realize that diagonally-oriented flow channel 110 could also be
vertically-oriented. Therefore, the use of the term "diagonally-oriented” should
also be understood to include vertically-oriented.

Specifically, the downstream cross-sectional area 114 is greater by an
amount or percentage that is effective to increase resistance to flow and reduce
the velocity of flow in the downstream portion to an extent that the buoyancy of
any air causes the air to rise at a velocity faster than the velocity of the fluid
flowing through the downstream portion. Thus, the downstream cross-sectional
area 114 is greater than the upstream cross-sectional area 124 by an amount or

percentage that will reduce the flow velocity of fluid in the downstream portion
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112 to a velocity that is about the same as or less than the velocity of air bubbles
rising due to buoyancy in the downstream portion 112.

It should be noted that in the embodiment shown in FIG. 1, the upstream
cross-sectional area 124 is not disposed immediately preceding the junction 116,
but rather Is positioned at a distance upstream of the junction 116, as shown in
FIG. 1. However, the upstream cross-sectional area 124 may be disposed closer
to the junction 116. More specifically, the upstream cross-sectional area 124 is
preferably within a predetermined distance of the junction 116, such that fluid
flow velocity through the upstream cross-sectional area 124 is subsequently

slowed to a separation velocity Vg at a point downstream of the junction 116

between the diagonally-oriented flow channel 110 and the vertically-oriented flow
channel 130. This predetermined distance ensures that air bubbles will begin
rising (or establish a velocity in an upward direction) after they have moved
downstream of the junction 116, such that the bubbles will rise upward into the
second vertically-oriented flow channel 130. It should be noted that the upstream
portion 122 may vary in cross-section to provide a gradual transition between the
upstream cross-sectional area 124 and the downstream cross-sectional area
114. The transition from the upstream cross-sectional area 124 likewise is within
a predetermined distance of the junction 116, to thereby ensure that that air
within the fluid will have passed downstream of the junction 116 before rising
upward towards the vertically-oriented flow channel 130. While the upstream
cross-sectional area 124 shown in FIG. 1 is disposed a distance upstream of the

junction 116, the upstream cross-sectional area 124 may be positioned closer to
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the junction 116, as in the second embodiment of an air separator shown in FIG.

2.

Referring to FIG. 2, a second embodiment of an air separator within a flow
measurement device 200 for use in ophthalmic surgical systems is provided. The
flow measurement device 200 includes a housing 202 that includes a diagonally-
oriented flow channel 210 and a vertically-oriented flow channel 230 that adjoins
the diagonally-oriented flow channel at a junction 216. The diagonally-oriented
flow channel 210 has an upstream portion 222 disposed upstream of the junction
216, and a downstream portion 212 disposed downstream of the junction 216.
The diagonally-oriented flow channel 210 also has an upstream portion 222 that
Is In communication with an inlet flow channel 222. The upstream portion 222
includes an upstream cross-sectional area 224 of a size that is sufficient to

permit or establish a fluid flow velocity Vs of, for example, between 100 and 130

millimeters per second therethrough. The downstream portion 212 has a cross-
sectional area 214 that is greater than that of the upstream cross-sectional area
224. In this second embodiment the upstream cross-sectional area 224 is
disposed immediately upstream of the junction 216, as shown in FIG. 2. As in
the first embodiment, the upstream cross-sectional area 224 and the transition
region are disposed within a predetermined distance of the junction 216 of the
vertically-oriented flow channel 230. The downstream portion's cross-sectional
area 214 is greater than that of the upstream cross-sectional area 224 by an
amount that Is sufficient to siow fluid flow through the first flow channel 210 as it

passes the junction 216 so as to allow air within the fluid flow to rise along the
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first diagonally extending surface 220 and into the generally vertical flow channel
230. Likewise, the upstream cross-sectional area 224 is preferably within a
predetermined distance of the junction 216, such that fluid flow velocity through
the upstream cross-sectional area 224 is subsequently slowed to a separation

velocity Vg at point downstream of the junction 216 between the diagonally-

oriented flow channel 210 and the vertically-oriented flow channel 230. This
predetermined distance ensures that air bubbles 228 within the fluid will begin
rising (or establish a velocity in an upward direction) after passing downstream of

the junction 216, such that the air bubbles 228 will rise upward into the vertically-

oriented flow channel 230.

In the second embodiment, the housing 202 further includes an electrode
chamber 250 for measuring aspiration fluid flow rate. The fluid measurement
means preferably utilizes an isolated Hall-effect electromagnetic flow meter (not
shown, but described in U.S. Patents 6,599,277 and 6,634,237), which takes
advantage of the fact that the saline solution commonly used in ophthalmic
surgery is electrically conductive. The Hall-effect involves the development of a
voltage potential across conductive fluids flowing between current-carrying
conductors 252 and 254, when subjected to a magnetic field. Thus, a voltage can
be induced across an aspiration coliection reservoir if a magnetic field is applied.
Such flow measurement in an ophthalmic surgical pump system includes the
application of a magnetic field source or electromagnetic magnet. The flow
sensing electrode chamber 250 further includes first and second electrode

terminals 252 and 254 disposed on generally opposite sides of the electrode
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terminal chamber 250. The fluid flowing through the electrode terminal chamber
250 generally comprises an electrically conductive saline solution. Accordingly,
the first and second electrode terminals 252 and 254 are arranged opposite one
another in a spaced-apart relationship that is sufficient to generate at least one
electrical signal indicative of the flow rate of the fluid flowing through the
electrode terminal chamber 250. Thus, the flow channels 210 and 230 are
configured to separate air from the stream of fluid flow prior to fluid flow reaching
flow sensing electrode chamber 250, to thereby allow a measurement of fluid
flow without interference from noise inducing air bubbles. A similar arrangement
IS also embodied in the device of FIG. 1.

In the above embodiments, the second vertically-oriented flow channel
preferably has a narrow cross-sectional area that is less than a predetermined
percentage of the upstream cross-sectional area, below which percentage the
narrow cross-sectional area is effective to substantially allow air flow and to
substantially restrict liquid flow through the second vertically-oriented flow
channel. In at least the second embodiment, the narrow cross-sectional area of
the second vertically-oriented flow channel 230 is less than 50 percent of the
upstream cross-sectional area 224 of the first flow channel 210. Likewise, in at
least the second embodiment, the downstream cross-sectional area 214 is
preferably that is at least 50% greater than the upstream cross-sectional area
224. With regard to the diagonally-oriented flow channel in each of the above
embodiments, this channel is at an angle relative to the vertically-oriented flow

channel, which angle is between about 10 degrees and about 80 degrees.
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From the above, it may be appreciated that the present invention provides
an improvement to aspiration flow control, in configuring first and second flow
channels to separate air bubbles from the stream of fluid flow to thereby restrict
the passage of air bubbles to an aspiration flow measurement means. The
present invention is illustrated herein by example, and various modifications may
be made by a person of ordinary skill in the art.

It Is believed that the operation and construction of the present invention
will be apparent from the foregoing description. While the apparatus and
methods shown or described above have been characterized as being preferred,
various changes and modifications may be made therein without departing from

the spirit and scope of the invention as defined in the following claims.
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CLAIMS

What is claimed is:

1. An aspiration flow measurement device for an ophthalmic

microsurgical system comprising:

a flow measurement housing having a diagonally-oriented flow channel
and a vertically oriented flow channel that adjoins the diagonally-
oriented flow channel at a junction, the diagonally oriented flow
channel having an upstream cross-sectional area disposed a

predetermined distance upstream of the junction, and a

downstream portion disposed downstream of the junction, wherein
the downstream portion has a downstream cross-sectional area
that is greater than that of the upstream cross-sectional area by a
predetermined percentage that is sufficient to cause the velocity of
fluid entering the downstream portion to slow down to an extent that
air within the downstream portion rises within the downstream
portion and escapes into the vertically-oriented flow channel.

2. The aspiration flow measurement device of claim 1, wherein the
downstream portion has a downstream cross-sectional area that is greater than
that of the upstream cross-sectional area by a percentage that is sufficient to
Increase flow resistance a sufficient extent to cause air bubbles to rise and
escape through the vertically-oriented flow channel, to thereby allow the passage

of liquid and restrict the passage of air bubbles through the aspiration flow

measurement device.

10
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3. The aspiration flow measurement device of claim 2, wherein the

downstream portion has a cross-sectional area that is at least 50% greater than

the upstream cross-sectional area.

4. The aspiration flow measurement device of claim 1, wherein the
vertically-oriented flow channel has a narrow cross-sectional area that is less
than a predetermined percentage of the cross-sectional area of the upstream
cross-sectional area, below which percentage the narrow cross-sectional area is

effective to substantially allow air flow and to substantially restrict liquid flow

through the vertically-oriented flow channel.

5. The aspiration flow measurement device of claim 1, wherein the
narrow cross-sectional area of the vertically-oriented flow channel is less than 50

percent of the upstream cross-sectional area of the diagonally oriented flow

channel.

6. The aspiration flow measurement device of claim 1 wherein the
diagonally-oriented flow channel is at an angle relative to the vertically-oriented
flow channel, which angle is between about 10 degrees and about 80 degrees.

7. The aspiration flow measurement device of claim 1, wherein the
downstream portion is in communication with a flow measurement device.

8. The aspiration flow measurement device of claim 1, wherein the
upstream cross-sectional area is positioned within a predetermined distance of
the junction between the diagonally-oriented flow channel and the vertically-

oriented flow channel, such that fluid flow through the upstream cross-sectional

11
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area Is slowed beyond the junction to a separation velocity of which is slower

than the velocity of air bubbles rising in the downstream portion.

9. An aspiration flow measurement device for an ophthalmic
microsurgical system comprising:

a housing having a diagonally-oriented flow channel and a vertically
oriented flow channel that adjoins the diagonally-oriented flow
channel at a junction, the diagonally-oriented flow channel having
an upstream cross-sectional area disposed upstream of the
junction, and a downstream portion disposed downstream of the
junction, wherein the downstream portion has a cross-sectional
area that i1s greater than that of an upstream cross-sectional area
by a predetermined percentage that is sufficient to cause the
velocity of fluid entering the downstream portion to slow down, such
that air within the downstream portion rises within the flow channel
and escapes into the vertically-oriented flow channel.

10.  The aspiration flow measurement device of claim 9, wherein the
downstream portion has a cross-sectional area that is greater than that of the
upstream cross-sectional area by a percentage that is sufficient to create an
increase Iin flow resistance sufficient to cause air bubbles to rise and escape
through the vertically-oriented flow channel, to thereby allow the passage of

liquid and restrict the passage of air bubbles through the surgical cassette.

12
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11.  The aspiration flow measurement device of claim 10, wherein the
cross-sectional area of the downstream portion of the diagonally oriented flow

channel is at least 50% greater than the upstream cross-sectional area.

12.  The aspiration flow measurement device of claim 9, wherein the
vertically oriented flow channel has a narrow cross-sectional area that is less
than a predetermined percentage of the upstream cross-sectional area of the
diagonally oriented flow channel, below which percentage the narrow cross-
sectional area is effective to substantially allow air flow and to substantially

restrict liquid flow through the vertically-oriented flow channel.

13. The aspiration flow measurement device of claim 9, wherein the
narrow cross-sectional area of the vertically-oriented flow channel is less than 50

percent of the upstream cross-sectional area of the diagonally oriented flow

channel.

14.  The surgical cassette of claim 9 wherein the diagonally-oriented
flow channel is at an angle relative to the vertically-oriented flow channel, which
angle 1s between about 10 degrees and about 80 degrees.

15. The aspiration flow measurement device of claim 9, wherein the
downstream portion is in communication with a fluid flow measurement device.

16.  The aspiration flow measurement device of claim 9, wherein the
end of the upstream portion having an upstream cross-sectional area is
positioned within a predetermined distance of the junction between the

diagonally-oriented flow channel and the vertically-oriented flow channel, such

13
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that fluid flow beyond the junction is slowed to a separation velocity that is slower

than the velocity of air bubbles rising in the downstream portion.

17.  An aspiration flow measurement device for an ophthalmic
microsurgical system comprising:

a housing having a diagonally-oriented flow channel and a vertically-
oriented flow channel adjoining the diagonally-oriented flow
channel, the diagonally-oriented flow channel having an upstream
cross-sectional area disposed upstream of the flow channel, and
having a downstream portion with a cross-sectional area that is
greater than that of the upstream portion by a predetermined
percentage that is sufficient to cause an increase in flow resistance
that reduces the velocity of fluid flow in the downstream portion to
an extent that causes air bubbles within the downstream portion to
rise and escape into the vertically-oriented flow channel, so as to
allow the passage of liquid through the downstream portion and to
restrict passage of air bubbles through the downstream portion.

18.  The aspiration flow measurement device of claim 17, wherein the
vertically-oriented flow channel has a narrow cross-sectional area that is less
than a predetermined percentage of the upstream cross-sectional area of the
diagonally oriented flow channel, below which percentage the narrow cross-
sectional area is effective to substantially allow air flow and to substantially

restrict liquid flow through the vertically-oriented flow channel.

14
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19.  The aspiration flow measurement device of claim 17, wherein the
cross-sectional area of the downstream portion of the diagonally oriented flow

channel is at least 50% greater than the upstream cross-sectional area of the

diagonally oriented flow channel.

20. The aspiration flow measurement device of claim 17, wherein the
end of the upstream portion having an upstream cross-sectional area is
positioned within a predetermined distance of the junction point between the
diagonally-oriented flow channel and the vertically-oriented flow channel, such
that fluid flow beyond the junction is slowed to a separation velocity that is slower

than the velocity of air bubbles rising in the downstream portion.

15
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