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Fig. 1

(57) Abstract: An enhanced flow ophthalmic surgical probe for ophthalmic microsurgery, such as vitrectomy, in an eye of a patient
is disclosed. The enhanced flow probe includes a body, a needle, a cutter, and an optional stiffening sleeve. The needle, the cutter,
and the optional stiffening sleeve each possess a widened diameter at its proximal portion relative to the diameter at its distal por -
tion, thereby providing an enhanced ophthalmic surgical probe that allows adequate stiffness, reduced flow resistance, and an in-
creased flow rate while maintaining a less invasive, large gauge diameter needle and cutter.
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ENHANCED FLOW VITRECTOMY PROBE
BACKGROUND

[0001] The present disclosure relates generally to ophthalmic surgical probes.
More particularly, but not by way of limitation, the present disclosure pertains to an

enhanced flow vitrectomy probe.

[0002] Many microsurgical procedures require precision cutting and/or
removal of various body tissues. For example, certain ophthalmic surgical procedures
require the cutting and/or removal of the vitreous humor, a transparent jelly-like
material that fills the posterior segment of the eye. The vitreous humor, or vitreous, is
composed of numerous microscopic fibrils that are often attached to the retina.
Therefore, cutting and removal of the vitreous must be done with great care to avoid
traction on the retina, the separation of the retina from the choroid, a retinal tear, or, in
the worst case, cutting and removal of the retina itself. In particular, delicate
operations such as mobile tissue management (e.g., cutting and removal of vitreous
near a detached portion of the retina or a retinal tear), vitreous base dissection, and

cutting and removal of membranes are particularly difficult.

[0003] The use of microsurgical cutting probes in posterior segment
ophthalmic surgery is well known. Such vitrectomy probes are typically inserted via
an incision in the sclera near the pars plana. The surgeon may also insert other
microsurgical instruments such as a fiber optic illuminator, an infusion cannula, or an
aspiration probe during the posterior segment surgery. The surgeon performs the

procedure while viewing the eye under a microscope.

[0004] Standard commercially available vitrectomy probe shafts are of one
gauge size (i.e., one constant diameter) from the proximal end to the distal end. U.S.
Patent Nos. 5,019,035 to Missirlian et al., U.S. Patent No. 5,176,628 to Charles et al.,
and U.S. Patent Application No. US 2010/0312169 disclose various types of
vitrectomy probes, and all of these patents are incorporated herein by reference.
Current trends in posterior segment ophthalmic surgery are driving the development
of ever smaller single shafted instrumentation to minimize trauma to the eye.
However, as the probes become smaller and less invasive, the working diameter of the
probes decreases, which negatively affects the ability of the probe to remove ocular
tissue and/or fluid from the eye. As instrument gauge increases (i.e., the diameter
decreases), the internal resistance to flow increases, thereby decreasing the rate of
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removal of ocular tissue and/or fluid from the eye. Moreover, as instrument gauge
increases, the stiffness of the instrument decreases, thereby limiting the precise use of
the instrument. Consequently, the adoption of smaller diameter instruments has been
limited by, among other things, inadequate flow rates due to increased flow resistance

and inadequate instrument stiffness.

[0005] Therefore, a need exists for an enhanced vitrectomy probe that allows
adequate stiffness, reduced flow resistance, and an increased flow rate while

maintaining a less invasive, smaller diameter shaft.
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SUMMARY

[0006] This disclosure relates generally to, and encompasses, an apparatus and
method for removing ocular tissue and/or fluid from the eye, and more specifically to
an ophthalmic surgical probe and methods of using the device to remove ocular tissue

and/or fluid from the eye.

[0007] In one exemplary embodiment, an ophthalmic surgical probe for
insertion into the eye of a patient comprises a body, a hollow cutter, and a needle.
The hollow cutter may include a first portion having a first diameter and a second
portion having a second diameter sized smaller than the first diameter, wherein the
first portion and the second portion are in fluid communication. The needle may
include a third portion having a third diameter and a fourth portion having fourth
diameter sized smaller than the third diameter, wherein the third portion and the
fourth portion are in fluid communication. The cutter may be slidably disposed

within the needle.

[0008] In another exemplary embodiment, an ophthalmic surgical probe for
insertion into the eye of a patient comprises a body, a hollow cutter, a needle, and a
hollow stiffening sleeve. The cutter may include a first portion having a first diameter
and a second portion having a second diameter sized smaller than the first diameter,
wherein the first portion and the second portion are in fluid communication. The
needle may include a third portion having a third diameter and a fourth portion having
fourth diameter sized smaller than the third diameter, wherein the third portion and
the fourth portion are in fluid communication. The hollow stiffening sleeve may
include a fifth portion having a fifth diameter and a sixth portion having sixth
diameter sized smaller than the fifth diameter, wherein the third, fourth, fifth, and
sixth portions are in fluid communication. The cutter may be slidably disposed within
the needle and the stiffening sleeve. In some embodiments, the second portion may
be configured to slide at least partially into the third portion and the fifth portion.

[0009] In another exemplary embodiment, a method for treating an eye of a
patient comprises inserting a ophthalmic surgical probe into the eye, positioning the
first portion of the hollow cutter and the third portion of the needle outside of the eye,
and sliding the cutter within the needle. The probe may include a body, a hollow
cutter, and a needle. The cutter may include a first portion having a first diameter and
a second portion having a second diameter sized smaller than the first diameter,
wherein the first portion and the second portion are in fluid communication. The
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needle may include a third portion having a third diameter and a fourth portion having
fourth diameter smaller than the third diameter, wherein the third portion and the
fourth portion are in fluid communication. In some embodiments, the ophthalmic
surgical probe may further include a stiffening sleeve with a semi-rigid sheath
disposed circumferentially around a segment of the needle.

[0010] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory in nature and are
intended to provide an understanding of the present disclosure without limiting the
scope of the present disclosure. In that regard, additional aspects, features, and
advantages of the present disclosure will be apparent to one skilled in the art from the
following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0001] The accompanying drawings illustrate embodiments of the devices and
methods disclosed herein and together with the description, serve to explain the

principles of the present disclosure.

[0002] Fig. 1 is a cross-sectional view of an ophthalmic surgical probe

according to one embodiment of the present disclosure.

[0003] Fig. 2 is a cross-sectional view of a portion of the ophthalmic surgical

probe according to the embodiment of Fig. 1.

[0004] Fig. 3 is a view of an ophthalmic surgical probe according to one

embodiment of the present disclosure shown inserted into an eye of a patient.
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DETAILED DESCRIPTION

[0005] For the purposes of promoting an understanding of the principles of the
present disclosure, reference will now be made to the embodiments illustrated in the
drawings, and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the disclosure is
intended. Any alterations and further modifications to the described devices,
instruments, methods, and any further application of the principles of the present
disclosure are fully contemplated as would normally occur to one skilled in the art to
which the disclosure relates. In particular, it is fully contemplated that the features,
components, and/or steps described with respect to one embodiment may be
combined with the features, components, and/or steps described with respect to other
embodiments of the present disclosure. For simplicity, in some instances the same
reference numbers are used throughout the drawings to refer to the same or like parts.

[0006] The present disclosure relates to an apparatus, system, and method for
removing ocular tissue and/or fluid from the eye. The various figures show
embodiments of an ophthalmic surgical probe and methods of using the device to
remove ocular tissue and/or fluid from a patient’s eye. One of ordinary skill in the art,
however, would understand that similar embodiments could be used to remove tissue
and/or fluid from other locations in the body without departing from the general intent

or teachings of the present disclosure.

[0007] Fig. 1 illustrates an ophthalmic surgical probe 100 according to an
exemplary embodiment of the present disclosure for removing fluid/tissue from a
patient’s eye. The ophthalmic surgical probe 100 includes a body 110 coupled to a
cannulated needle 120 by a stiffening sleeve 140. A cannulated cutter 130 extends
through the needle 120 and the stiffening sleeve 140. The cutter 130, the needle 120,
and the stiffening sleeve 140 cooperate to form an aspiration system 145. Although
the ophthalmic surgical probe 100 according to an exemplary embodiment of the
present disclosure is described herein in connection with a vitrectomy probe, the
present disclosure is applicable to other ophthalmic or other surgical probes,
instruments, and handpieces, each of which may include different component parts.

[0008] As shown in Fig. 1, the body 110 includes a housing 150 and an
actuating assembly 160. The housing 150 has a proximal end 151 and a distal end
152. A generally central axis AA extends through the housing 150 through the
proximal end 151 and the distal end 152. The housing 150 may be made of any
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suitable material, but is preferably made from a lightweight material such as

aluminum or plastic.

[0009] An actuating assembly 160 may be connected to the proximal end 151
of the housing 150. In some embodiments, the actuating assembly 160 may be
disposed within the housing 150. The actuating assembly 160 may be of any type of
actuating assembly suitable for driving the ophthalmic surgical probe 100, such as a

pneumatic actuating assembly or an electric motor.

[0010] The actuating assembly 160 is connected to a movable drive shaft 180
that extends along the axis AA through the housing 150. Within the housing 150, the
drive shaft 180 may be supported for axial rotation and/or reciprocating motion by a
drive shaft support member 190 that extends at least partially along a length of the
drive shaft 180. The drive shaft 180 may be made of any suitable material, but is
preferably made of stainless steel.

[0011] The housing 150 is coupled to the aspiration system 145. As
mentioned above, the aspiration system 145 includes the stiffening sleeve 140, the
needle 120, and the cutter 130. As shown in Fig. 1, the stiffening sleeve 140 extends
at least partially within the housing 150 along the axis AA and through an opening
155 in the distal end 152 of the housing 150. A needle coupling 165 extends at least
partially along the length of the stiffening sleeve 140 and supports the position of the
stiffening sleeve 140 within the housing 150. The needle coupling 165 may be an
integrally formed component of the housing 150 or of the stiffening sleeve 140. A
needle holder 170 connects the needle coupling 165 to the drive shaft support member
190.

[0012] As shown in Figs. 1 and 2, the stiffening sleeve 140 is a hollow, rigid
tube including a proximal portion 310, a connecting portion 320, and a distal portion
330. The stiffening sleeve 140 supports and stabilizes the needle 120 relative to the
housing 150. The stiffening sleeve 140 may be sufficiently rigid as to prevent kinking
or breaking the needle 120 during operation of the probe 100. The stiffening sleeve
140 is sized and configured to snugly surround a segment of the needle 120. The
stiffening sleeve 140 may be integrally connected to the needle 120, or may be
attached to the needle 120 using a variety of known methods, such as adhesive
bonding, welding, lamination between two layers of polymers, or vapor deposition,
for example. The needle coupling 165 may be integrally formed with the proximal
end of the needle 120 and/or the stiffening sleeve 140.
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[0013] As shown in Fig. 2, the connecting portion 320 is disposed between the
proximal portion 310 and the distal portion 330. The proximal portion 310 of the
stiffening sleeve 140 possesses a diameter D1 that is larger than the diameter D2 of
the distal portion 330. The diameter of the stiffening sleeve 140 widens from the
distal portion 330 to the proximal portion 310 to facilitate maximum aspiration and
prevent plugging of ocular tissue and/or fluid in the probe 100. In this embodiment,
the connecting portion 320 is a generally cone-shaped segment of the stiffening sleeve
140 that connects the proximal portion 310 to the distal portion 330 of the stiffening
sleeve 140. In this embodiment, the connecting portion 320 includes a gradient of
diameters ranging from the diameter D1 of the proximal portion 310 to the diameter
D2 of the distal portion 330. In other embodiments, the connecting portion 320 may
provide an abrupt shift in diameters between the proximal portion 310 and the distal
portion 330. The stiffening sleeve 140 may be made of any suitable material, but is
preferably made from surgical grade stainless steel.

[0014] As shown in Fig. 1, the needle 120 is a hollow, rigid, cylindrical tube
that is coupled to the stiffening sleeve 140. The needle 120 is thin-walled along its
entire length to allow maximum aspiration through the probe 100. The needle 120 is
sized and configured to slidably contain the cutter 130 and to be slidably received
within the connecting portion 320 and the distal portion 330 of stiffening sleeve 140.

[0015] As shown in greater detail in Fig. 2, the needle includes a connecting
portion 230 and a distal portion 240. The distal portion 240 of the needle 120
possesses a diameter D3 that is smaller than the diameter D1 of the proximal portion
310 of the stiffening sleeve 140. The connecting portion 230 may be a generally
cone-shaped segment of the needle 120 that fluidly connects the proximal portion 310
of the stiffening sleeve to the distal portion 240 of the needle 120. At the connecting
portion 230 of the needle 120, the diameter of the needle 120 widens from the distal
portion 240 to facilitate maximum aspiration and prevent plugging of ocular tissue
and/or fluid in the probe 100. In this embodiment, the connecting portion 230
includes a gradient of diameters ranging from approximately the diameter D1 of the
proximal portion 310 of the stiffening sleeve 140 to the diameter D3 of the distal
portion 240 of the needle 120. In other embodiments, the connecting portion 230 may
provide an abrupt shift in diameters between the proximal portion 310 and the distal
portion 240. In some embodiments, the needle may lack a connecting portion. In
such embodiments, the needle may possess a constant diameter and couple to the
distal portion 330 of the stiffening sleeve 140.
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[0016] An aperture 210 extends radially through a wall of the needle 120 in
the distal portion 240. The aperture 210 is configured as a window that extends
through the wall of the needle 120 in a direction perpendicular to the longitudinal axis
of the needle 120. The aperture 210 is disposed near the distal end 250 of the needle
120. In this embodiment, the aperture 210 is generally circular and sized for a portion
of the cutter 130 to operate therein. In other embodiments, the aperture 210 may have
other shapes such as a square, an oval, or a rectangle. The edges of the aperture 210
may be beveled or sharpened to provide a cutting edge along the edge of the aperture
210.

[0017] The needle 120 may be made of any suitable material, but is preferably
made from surgical grade stainless steel. For example, in the pictured embodiment,
the distal portion of the needle 120 is a 25 gauge stainless steel tube.

[0018] In some embodiments, the stiffening sleeve may be an integral
continuation of the needle such that the needle lacks a connecting portion of its own
and includes the proximal and connecting portions of the stiffening sleeve 140.

[0019] As shown in Fig. 1, the cannulated cutter 130 is coupled to the drive
shaft 180 by a cutter coupling 200, which extends at least partially along a distal end
of the drive shaft 180 and at least partially along a distal end of the cutter 130. The
cutter coupling 200 may be a sleeve, a clamp, a fitting, or any other mechanism
known for linearly coupling components. Alternatively, the cutter coupling 200 may
be integrally formed on the proximal end of the cutter 130. The cutter coupling 200
couples the drive shaft 180 to the cutter 130 such that the rotational and/or
reciprocating motion of the drive shaft is transferred to the cutter 130. Thus, the
cutter 130 may rotate about the axis AA or reciprocate along the axis AA in unison
with the drive shaft 180. The cutter 130 extends within the stiffening sleeve 140 from
within the housing 150 and out through the opening 155. The needle coupling 165
and the cutter coupling 200 may be made of any suitable material, but are preferably

made from a lightweight material such as aluminum or plastic.

[0020] As shown in greater detail in Fig. 2, the cutter 130 is a hollow, rigid,
cylindrical tube arranged coaxially within the needle 120 and the stiffening sleeve
140. The cutter 130 includes a lumen 260, a proximal portion 270, a connecting
portion 280, and a distal portion 290. The connecting portion 280 is disposed
between the proximal portion 270 and the distal portion 290. The cutter 130 is sized
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and configured to be slidably received and movably disposed within the needle 120
and the stiffening sleeve 140. In particular, the cutter 130 is sized such that the outer
diameter of the cutter approaches the inner diameters of the needle 120 and stiffening
sleeve 140, but the movement of the cutter 130 within the needle 120 and the
stiffening sleeve 140 does not create undue friction against the inner wall of the
needle 120 and the stiffening sleeve 140. The proximal portion 270 is at least
partially disposed within the stiffening sleeve 140. The distal portion 290 of the
cutter 130 extends through the distal portion 240 of the needle 120 into the proximal
portion 310 of the stiffening sleeve 140. The proximal portion 270 of the cutter 130
possesses a diameter D4 that is larger than the diameter DS of the distal portion 290.
The diameter of the cutter 130 widens from the distal portion 290 to the proximal
portion 270 to facilitate maximum aspiration and prevent plugging of ocular tissue
and/or fluid in the lumen 260. In this embodiment, the connecting portion 280 is a
generally cone-shaped segment of the cutter 130 that connects the proximal portion
270 to the distal portion 290 of the cutter 130. In this embodiment, the connecting
portion 280 includes a gradient of diameters ranging from the diameter D4 of the
proximal portion 270 to the diameter D5 of the distal portion 290. In other
embodiments, the connecting portion 280 may provide an abrupt shift in diameters
between the proximal portion 270 and the distal portion 290.

[0021] The cutter 130 may reside within the stiffening sleeve 140 such that a
space 295 is formed between the outer surface of the connecting portion 280 and
distal portion 290 of the cutter 130 and the inner surface the proximal portion 310 of
the stiffening sleeve 140 and the connecting portion 230 of the needle 120. The space
295 is formed when the connecting portion 280 is retracted proximally from the
connecting portion 230. During reciprocating motion of the cutter 130 within the
needle 120, the volume of the space 295 decreases and increases. The connecting
portion 230 of the needle 120, the connecting portion 320 of the stiffening sleeve 140,
and the connecting portion 280 of the cutter 130 are sized and configured to prevent
the proximal portion 270 of the cutter 130 from contacting or entering the distal
portion 240 of the needle 120. The cutter 130 is thin-walled along its entire length to
allow maximum aspiration through the lumen 260.

[0022] Referring back to Fig. 1, the cutter 130 includes a blade 300 that
extends from the surface of the distal portion 290 of the cutter 130 in a direction
substantially perpendicular to the longitudinal axis of the cutter 130. The blade 300 is
sized and configured to operate within the aperture 210. In this embodiment, the
blade 300 is generally flat with a beveled cutting edge. In other embodiments, the



WO 2013/032633 PCT/US2012/049695

blade 300 may be any of a variety of shapes and configurations provided the blade
300 can operate to cut ocular tissue through the aperture 210. The blade 300 may be
integrally formed with the cutter 130, or may be attached to the cutter 130 using a
variety of known methods, such as adhesive bonding, lamination between two layers
of polymers, or vapor deposition, for example. As will be explained in further detail
below, moving the cutter 130 within and relative to the needle 120 causes the blade
300 to slide within the distal portion 240 of the needle 120 and across the aperture 210
such that ocular tissue is cut and aspirated into the lumen 260.

[0023] The cutter 130 and the blade 300 may be made of any suitable
material, but are preferably made from surgical grade stainless steel. In some
embodiments, the cutter is integrally formed of the proximal, connecting, and distal
portions. In other embodiments, the distal portion is a separate component that
cooperates with the integrally formed proximal and connecting portions to form the

cutter.

[0024] Fig. 3 illustrates the ophthalmic surgical probe 100 inserted into the
eye 370 of a patient during an exemplary vitrectomy operation. Initially, the surgeon
positions a cannula 380 at the surface of the eye 370 to establish a stable access port
into the eye 370. The surgeon inserts the distal end 250 of the needle 210 through the
cannula 380 into the posterior segment of the eye 370 using a pars plana insertion.
The surgeon selects a desired vacuum level for a vacuum source. Ocular tissue and/or
fluid is aspirated into the lumen 260 of the cutter 130 via the aperture 210 of the
needle 120. In this example, the surgeon selects a desired cut rate for the probe 100
using a microprocessor and optionally a proportional control device, such as a foot
pedal or trigger. The microprocessor activates the actuating assembly 160, which
actuates the drive shaft 180 so as to move the drive shaft 180, and thus the cutter 130,
in a reciprocating fashion along the longitudinal axis of the probe 100 within the
needle 120 and/or stiffening sleeve 140 at the desired cut rate. As the cutter 130
moves in a reciprocating fashion within the needle 120, the blade 300 and the aperture
210 interact to cut ocular tissue. The cut ocular tissue and/or fluid is aspirated
through the lumen 260 of the cutter 130 to travel through the body 110 toward a
collection chamber. As the aspirated tissue and/or fluid travels from the distal portion
290 into the proximal portion 270 of the cutter 130, the rate of flow increases in
proportion to the difference in diameters D5 and D4 of the cutter 130.

[0025] Unlike conventional vitrectomy probes, which have cutters with
constant and uniform diameters, the embodiment of the ophthalmic surgical probe 100
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of the present disclosure pictured in Figs. 1, 2, and 3 includes the aspiration system
145 that expands from a smaller diameter D3 at the distal portion 240 of the needle
120 to a larger diameter D1 at the proximal portion 310 of the stiffening sleeve 140.
Within the aspiration system 145, the cutter 130 expands from a smaller diameter D5
at its distal portion 290 to a larger diameter D4 at its proximal portion 270. This
proximal expansion of the cutter 130 facilitates decreased flow resistance through the
proximal portion 270 of the cutter 130, thus increasing the flow rate through the probe
100. The corresponding proximal expansion of the needle 120 and the stiffening
sleeve 140 further contribute to the increased flow rate of the probe 100.

[0026] As shown in Fig. 3, the distal portions 240, 290 of the needle 120 and
the cutter 130, respectively, which have smaller diameters D3 and D3, respectively,
are inserted through the cannula 380 into the eye 370. The cutter 130 widens into the
proximal portion 270 proximal of the probe-cannula interface 390, thereby preserving
a large gauge (i.e, small diameter) insertion into the cannula 380 and the eye 370
while allowing for improved aspiration through the lumen 260. Increasing the
diameter of the aspiration system 145 proximal of the probe-cannula interface 390
decreases the flow resistance through the lumen 260 and thus increases the aspiration
flow rate through the probe 100 without increasing trauma to the eye 370 or affecting
access into the eye 370. Because the diameter D4 of the proximal portion 270 of the
cutter 130 is wider than the diameter D3 of the distal portion 240 of the needle 120,
the proximal portion of the cutter 130 is prevented from entering the distal portion
240 of the needle 120. Therefore, this embodiment of the probe 100 provides an
enhanced vitrectomy probe that allows adequate stiffness, reduced flow resistance,
and an increased flow rate while maintaining a less invasive, large gauge diameter

needle and cutter.

[0027] Persons of ordinary skill in the art will appreciate that the
embodiments encompassed by the present disclosure are not limited to the particular
exemplary embodiments described above. 1In that regard, although illustrative
embodiments have been shown and described, a wide range of modification, change,
and substitution is contemplated in the foregoing disclosure. It is understood that
such variations may be made to the foregoing without departing from the scope of the
present disclosure. Accordingly, it is appropriate that the appended claims be
construed broadly and in a manner consistent with the present disclosure.

12
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CLAIMS
We claim:
1. An ophthalmic surgical probe for insertion into an eye of a patient,
comprising:
a body;

a hollow cutter, the cutter including a first portion having a first diameter and
a second portion having a second diameter sized smaller than the first diameter,
wherein the first portion and the second portion are in fluid communication; and

a needle including a third portion having a third diameter and a fourth portion
having fourth diameter sized smaller than the third diameter, wherein the third portion
and the fourth portion are in fluid communication,

wherein the cutter is slidably disposed within the needle.

2. The ophthalmic surgical probe of claim 1 further comprising a stiffening
sleeve disposed circumferentially around the third portion of the needle, the needle

and the stiffening sleeve being in fluid communication.

3. The ophthalmic surgical probe of claim 2 wherein the stiffening sleeve
includes a fifth portion having a fifth diameter and a sixth portion having sixth
diameter sized smaller than the fifth diameter, wherein the fifth portion and the sixth

portion are in fluid communication.

4. The ophthalmic surgical probe of claim 2 wherein the fourth portion of the
needle is disposed around the second portion of the cutter and coupled to the

stiffening sleeve.
5. The ophthalmic surgical probe of claim 4 wherein the stiffening sleeve
comprises a semi-rigid sheath disposed circumferentially around a segment of the

needle and the first portion of the cutter.

6. The ophthalmic surgical probe of claim 1 wherein the first and third portions

are located proximal to the eye during and after insertion.

7. The ophthalmic surgical probe of claim 1 further comprising a first connecting
portion disposed between the first portion and the second portion such that the first

13
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portion, the second portion, and the first connecting portion are in fluid

communication.

8. The ophthalmic surgical probe of claim 7 wherein the diameter of the first
connecting portion gradually transitions from the first diameter to the second

diameter.

9. The ophthalmic surgical probe of claim 1 wherein a second connecting portion
is disposed between the third portion and the fourth portion such that the third portion,
the fourth portion, and the second connecting portion are in fluid communication.

10.  The ophthalmic surgical probe of claim 9 wherein the diameter of the second
connecting portion gradually transitions from the third diameter to the fourth

diameter.

11.  The ophthalmic surgical probe of claim 9 wherein the first portion is slidably
disposed within the third portion, and wherein the second portion is slidably disposed

within the fourth portion.

12. The ophthalmic surgical probe of claim 11 wherein the second portion is
configured to slide partially into the third portion.

13. An ophthalmic surgical probe for insertion into an eye of a patient,
comprising:

a body;

a hollow cutter, the cutter including a first portion having a first diameter and
a second portion having a second diameter sized smaller than the first diameter,
wherein the first portion and the second portion are in fluid communication;

a needle including a third portion having a third diameter and a fourth portion
having fourth diameter sized smaller than the third diameter, wherein the third portion
and the fourth portion are in fluid communication; and

a hollow stiffening sleeve including a fifth portion having a fifth diameter and
a sixth portion having sixth diameter sized smaller than the fifth diameter, wherein the
third, fourth, fifth, and sixth portions are in fluid communication,

wherein the cutter is slidably disposed within the needle and the stiffening

sleeve.

14
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14. The ophthalmic surgical probe of claim 13 wherein the stiffening sleeve
comprises a semi-rigid sheath disposed circumferentially around the third portion of

the needle and the first portion of the cutter.

15. The ophthalmic surgical probe of claim 13 wherein the first and third portions

are located proximal to the eye during and after insertion.

16.  The ophthalmic surgical probe of claim 13 further comprising a first
connecting portion disposed between the first portion and the second portion such that
the first portion, the second portion, and the first connecting portion are in fluid

communication.

17.  The ophthalmic surgical probe of claim 16 wherein the diameter of the first
connecting portion gradually transitions from the first diameter to the second

diameter.

18.  The ophthalmic surgical probe of claim 13 including a second connecting
portion disposed between the fifth portion and the sixth portion such that the fifth
portion, the sixth portion, and the second connecting portion are in fluid

communication.

19.  The ophthalmic surgical probe of claim 18 wherein the diameter of the second
connecting portion gradually transitions from the fifth diameter to the sixth diameter.

20.  The ophthalmic surgical probe of claim 13 wherein the first portion is slidably
disposed within the fifth portion, and wherein the second portion is slidably disposed

within the fourth portion.
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