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{0803}

THERAPEUTIC AGENT DELIVERY DEVICE WITH CONVERGENT LUMEN

PRIORITY

This application claims priority to U.S. Provisional Patent Application No.
62/008,745, entitled “Convergent Lumen Delivery Device and Method of Using for
Delivery of Bioactive Agents {Transvitreal),” filed June 6, 2014, the disclosure of which

is incorporated by reference herein.

JOINT RESEARCH STATEMENT

Subject matter disclosed in this application was developed and the claimed
invention was made by, or on behalf of, one or more parties to a joint research agreement
that was in effect on or before the effective filing date of the claimed invention. The
claimed invention was made as a result of activities undertaken within the scope of the
joint research agreement. The parties to the joint research agreement include Ethicon

Endo-Surgery, Inc. and Janssen Research & Development, LLC.

BACKGROUND

The human eye comprises several layers. The white outer laver is the sclera,
which surrounds the choroid layer. The reting is interior to the choroid layer. The sclera
contains collagen and elastic fiber, providing protection to the choroid and retina. The
choroid layer includes vasculature providing oxygen and nowrishment to the retina. The
retina comprises light sensitive tissue, including rods and cones. The macula is located at
the center of the retina at the back of the eve, generally centered on an axis passing
through the centers of the lens and cornea of the eye (i.¢., the optic axis). The macula

provides central vision, particudarly through cone celis.
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{3804]

[0605]

{0006}

Macular degeneration is a medical condition that affects the macula, such that
people suffering from macular degeneration may ¢xperience lost or degraded central
vision while retaining some degree of peripheral vision. Macular degencration may be
causced by various factors such as age {also known as “AMD”) and genetics. Macular
degeneration may occur in a “dry” (nonexudative) form, where cellular debris known as
drusen accumulates between the retina and the choroid, resulting in an arca of geographic
atrophy. Macular degeneration may also occur in a “wet” {exudative} form, where blood
vessels grow up from the choroid behind the retina. Even though people having macular
degeneration may retain some degree of peripheral vision, the loss of central vision may
have a significant negative impact on the quality of hife. Moreover, the quality of the
remaining peripheral vision may be degraded and 1n some cases may disappear as well.
It may therefore be desirable to provide treatment for macular degeneration in order to
prevent or reverse the loss of vision caused by macular degeneration. In some cases it
may be desirable to provide such treatment i a highly localized fashion, such as by
delivering a therapeutic substance 1n the subretinal layer (under the neurosensory layer of
the retina and above the retinal pigment epithelium) directly adjacent to the area of
geographic atrophy, near the macula. However, since the macula is at the back of the ¢ve
and underneath the delicate laver of the retina, it may be difficult to access the macula in

a practical fashion.

While a variety of surgical methods and instrements have been made and used to
freat an eye, it is believed that uo one prior to the inventors has made or used the

nvention described in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims which particularly point out and
distinctly claim this technology, it is believed this technology will be betier understood
from the following description of certain cxamoples faken in conjunction with the
accompanying drawings, in which like reference mumerals identify the same clements and

in which:

]
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{0087} FIG. 1 depicts a perspective view of an exemplary instrument for subretinal
administration of a therapentic agent from a suprachoroidal approach;

{6008 FIG. 2 depicts a side clevational view of the instrament of FIG. 1;

{6609 FIG. 3 depicts another side elevational view of the instrument of FIG. 1, with a
locking member removed;

160019] FIG. 4 depicts another side clevational view of the instrument of FIG. 1, with an

actuation member advanced distally to extend the necdle distally from the cannula;

{60011 FIG. S depicts a perspective view of the distal end of an exemplary canmula that

may be incorporated into the instrument of FIG. 1

180012} FIG. 6 depicts a cross-sectional view of the cannula of FIG. 5, with the cross-
section taken along line 6-6 of FIG. 5;

{60613} FIG. 7 depicts a perspective view of an exemplary suture measurement template
for use in an cxemplary method for the subretinal administration of a therapeutic agent
from a suprachoroidal approach;

160014} FIG. 8A depicts a top plan view of an eye of a patient, with surrounding structures
of the eye immobilized and a chandelier installed;

{83015} FIG. 8B depicts a top plan view of the ¢ye of FIG. 8A, with the template of FIG. 7

disposed on the eye;

{60816} FIG. 8C depicts a top plan view of the eye of FIG. §A, with a plurality of markers
disposed on the eye;

1868171 FIG. 8D depicts a top plan view of the eve of FIG. 8A, with a suture loop attached
to the eve,

{B0618] FIG. KE depicts a top plan view of the eye of FIG. &A, with a sclerotomy being

performed;

[&9]



WO 2015/187611 PCT/US2015/033657

{00019} FIG. 8F depicts a top plan view of the cye of FIG. 8A, with the instrument of FIG.
I being inserted through the sclerotomy opening and in between the sclera and choroid of

the eye;

{00028} FIG. 8G depicts a top plan view of the eye of FIG. 8A, with the instrument of

FIG. 1 under direct visualization at the back of the eye, between the sclera and choroid,

{60021} FIG. &H depicts a top plan view of the eye of FIG. 8A, with the needie of the
instrument of FIG. 1 being advanced under direct visualization at the back of the eve,

pressing against the outer surface of the choroid causing the choroid to “tent”;

{60622} FIG. 81 depicts a top plan view of the cye of FIG. A, with the needle dispensing
a leading bleb under direct visualization at the back of the oye, the needle between the
sclera and choroid, and the leading bleb in the sub retinal space between the choroid and

a reting;

{60023} FIG. &I depicts a top plan view of the eve of FIG. 8A, with the needle dispensing

a therapeutic agent to the cye at the back of the cye, between the sclera and choroid,;

{60024 FIG. 9A depicts a cross-sectional vigw of the cve of FIG. 8A, with the cross-

scction taken along ling 9A-9A of FIG. 8BA;

100025} FIG. 9B depicts a cross-sectional view of the cye of FIG. 8A, with the cross-
section taken along line 9B-98 of FIG. 8E;

{60026} FIG. 9C depicts a cross-sectional view of the eye of FIG. 8A, with the cross-
section taken along ling 9C-9C of FIG. &F;
100027} FIG. 9D depicts a cross-sectional view of the cye of FIG. 8A, with the cross-

section taken along line 9D-9D of FIG. 8(;

{60028 FIG. 9E depicts a cross-sectional view of the eve of FG. 8A, with the cross-

scction taken along ling 9E-9E of FIG. 8H;

{83029} FIG. 9F depicts a cross-sectional view of the eve of FIG. &A, with the cross-

section taken along line 9F-9F of FIG. &1,
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100030} FIG. 9G depicts a cross-sectional view of the cye of FIG. 8A, with the cross-

section taken along line 9G-9G of FIG. &1

{60031 FIG. 10A depicts a detailed cross-sectional view of the eye of FIG. 8A depicted in
the state shown in FIG. 9E;

160032] FIG. 10B depicts a detailed cross-sectional view of the eye of FIG. SA depicted in

the state shown in FIG. 9F;

{60033} FIG. 10C depicts a detailed cross-sectional view of the eye of FIG. 8A depicted in
the state shown in FIG. 9G;

183034} FIG. 11 depicts a perspective view of another exemplary alternative instrument
for subretinal administration of a therapeutic agent from a suprachoroidal approach;

{B0635] FIG. 12 depicts an exploded perspective view of an exeraplary valve assembly of
the instrument of FIG. 11

{00036} FIG. 13 depicts a perspective cross-sectional view of the valve assembly of FIG.
12 with additional fluid communication features;

1660371 FIG. 14 depicts a perspective view of an exemplary instrument for subretinal
administration of a therapeutic agent;

180038] FIG. 15A depicts a side clevational view of the instrument of FIG. 14 with the
retinal penctrating element in a retracted position;

[80¢39] FIG. 158 depicts a side clevational view of the mnstrument of FIG. 14 with the
retinal penctrating element in an extended position;

180040] FIG. 16A depicts a side cross-sectional view of the instrament of FIG. 14 with the
retinal penctrating element in a retracted position, and with an outer cannula omitted;

{80041} FIG. 16B depicts a side ¢ross-sectional view of the instrument of FIG. 14 with the

retinal penetrating element n an extended position, and with an outer canmula omitted;

{00043} FIG. 17 depicts a perspective cross-sectional view of selected portions of the fluid

delivery system of the instrument of FIG. 14,

(¥
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160043] FIG. 18 depicts a side cross-sectional view of sclected portions of the fluid

delivery system of the instrument of FIG. 14;

{60044} FIG. 19 depicts a perspective cross-sectional view of selected portions of the fluid
delivery system of the instrument of FIG. 14;
160045] FIG. 20 depicts a side cross-sectional view of sclected portions of the fluid

delivery system of the instrument of FIG. 14;

{00046} FIG. 21 depicts a perspective cross-sectional view of the distal ond of the

instrument of FIG. 14;

103047} FIG. 22 depicts a side cross-sectional view of the distal end of the fluid delivery

system of the instrument of FIG. 14;

{60048} FIG. 23 depicts a top plan view of an eye of a patient, with surrounding structores

of the eye immobilized and three ports installed;

180049] FIG. 2Z4A depicts a cross-sectional view of the eye of FIG. 23, the cross-section

taken along line 24 A-24A of FIG. 23;

{B0036] FIG. 24B depicts a cross-sectional view of the eve of FIG. 23, the cross-section

taken along Hine 24B-24B of FIG. 23;

180051} FIG. 24C depicts a cross-sectional view of the eye of FIG. 23, the cross-section

taken along line 24B-24B of FIG. 23;

{60052] FIG. 24D depicts a cross-sectional view of the eye of FIG. 23, the cross-section

taken along Hine 24B-24B of FIG. 23;

180053] FIG. 24E depicts a cross-sectional view of the eve of FIG. 23, the cross-section

taken along line 24B-24B of FIG. 23;

{60054] FIG. 24F depicts a cross-sectional view of the eye of FIG. 23, the cross-section

taken along Hine 24B-24B of FIG. 23;

(86055} FIG. 24G depicts a cross-sectional view of the eye of FIG. 23, the cross-section

taken along line 24B-24B of FIG. 23;
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100056] FIG. Z4H depicts a cross-sectional view of the eve of FIG. 23, the cross-section

taken along line 24B-24B of FIG. 23;

o
(U5

{60057 FIG. 241 depicts a cross-sectional view of the eye of FIG. 23, the cross-section

taken along line 24B-248 of FIG. 23; and

b2
3

100058} FIG. 24) depicts a cross-sectional view of the eye of FIG.
taken along line 24B-24B of FIG. 23.

4, the cross-section

{60059 The drawings arc not intended to be limiting in any way, and it is contemplated
that various embodiments of the technology may be carried out in a varicty of other ways,
including those not necessarily depicted in the drawings. The accompanying drawings
incorporated in and forming a part of the specification illustrate several aspects of the
present technology, and together with the description serve to cxplain the principles of
the technology; it being understood, however, that this technology is not limited to the

precise arrangements shown.

DETAH.ED DESCRIPTION

{60060} The folowing description of certain examples of the technology should not be
used to limit its scope. Other cxamples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled in the art from the following
description, which is by way of illustration, one of the best modes contemplated for
carrying out the technology. As will be realized, the technology described herein is
capable of other different and obvious aspects, all without departing from the technology.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive,

100061} It is further understood that any one or more of the teachings, expressions,
embodiments, examples, ctc. described herein may be combined with any onc or more of
the other teachings, cxpressions, embodiments, examples, cte. that are described herein.
The following-described teachings, cxpressions, embodiments, examples, cte. should

therefore not be viewed in isolation relative to cach other. Various suitable ways in



WO 2015/187611 PCT/US2015/033657

which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the tcachings hercin. Such modifications and variations are

intended to be included within the scope of the claims.

o

160062} For clarity of disclosure, the terms “proximal” and “distal” are defined hercin
relative to a surgeon or other operator grasping a surgical instrument having a distal
surgical end cffector. The term “proximal” refers the position of an clement closer to the
surgeon or other operator and the term “distal” refers to the position of an clement closer
to the surgical end cffector of the surgical instrument and further away from the surgeon

or other operator.

{00063} L Exemplary Therapeutic Agent Delivery Instrument with Slider Needie

Actuation Feature

160064} FIGS. 1-4 show an excmplary instrument (10} that is configured for usc i a
procedure for the subretinal administration of a therapeutic agent to an ¢ye of a patient
from a suprachoroidal approach. Instrument (10} comprises a flexible cannula (20}, a
body (40), and a slidable actuation assembly (66). Cannula (20) extends distally from
body {40} and has a generally rectangular cross scction. Cannula (20} is generally
configurcd to support a necdle (30} that is shidable within cannula (20), as will be

described in greater detail below.

100065} In the present example, canmula (20) comprises a flexible material such as
Polyether block amide (PEBA), which may be manufactured under the trade name
PEBAX. Of course, any other suitable material or combination of materials may be used.
Also in the present example, cannula (20) has a cross-sectional profile dimension of

N

approximately 2.0 mum by 0.8 mum, with a length of approximately 80 mm. Alternatively,

any other suitable dimensions may be used.

[00066] As will be described in greater detail below, cannula (20) 1s flexible enough to
conform to specific structures and contours of the patient’s eve, vet cannula (20) has
sufficient colomm strength to permit advancernent of canmula (20} between the sclera and
choroid of patient’s ¢ve without buckling. Several faciors may contribute fo suttable

flexibility of cannula (20). For instance, the durometer of the material used to construct
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cannula {2¢) at least partially characterizes the flexibility of cannula (20}, By way of
example only, the material that is used to form cannula {20} may have a shore hardness of
approximately 27D, approximately 33D, approximately 42D, approximately 46D, or any
other suitable shore hardncess. it should be understood that the shore hardness may fall
within the range of approximately 27D to approximatcly 46D, or more particularly within
the range of approximately 33D to approximately 46D; or more particularly within the
range of approximately 40D to approximately 45D, The particular cross-sectional shape
of cannula (20) may also at least partially characterize the flexihility of cannula (20).
Additionally, the stiffness of ncedle (30} disposed within cannula (20} may at lcast

partially characterize the flexibility of cannula (20).

{00067} In the present example, the flexibility of cannula (20) may be quantified by
calculating a bending stiffness for cannula (20). Bending stiffness is calculated by the
product of the elastic modulus and the arca moment of inertia. By way of example ounly,
one exemplary material that may be used to form cannula (20) may have a shore hardness
of D27, an clastic modulus (E) of 1.2x10" N/m’, and an arca moment of inertia (&) of
5.52x10 m?, providing a calenlated bending stiffness about the x-axis at 0.7x10° Nm?.
Another exemplary material that may be used to form cannula (20) may have a shore
hardness of D33, an clastic modulus (E) of 2.1x107 N/, and an arca mowent of inertia
(£ of 5.52x1 oM m, providing a calculated bending stiffness about the x-axis at 1.2x1 o¢
Nm’. Another exemplary material that may be used to form cannula (20) may have a
shore hardness of D42, an elastic modulus (B} of 7.7x107 N/ni’, and an area moment of
inertia (1) of 5.52x107™" m", providing a calculated bending stiffness about the x-axis at
43x10° Nm®. Another exemplary material that may be used to form canunula (20) may
have a shore hardness of 1346, an elastic modulus (E) of 17.0x107 N/w’, and an area
moment of inertia (1) of 5.52x10™* m”, providing a calculated bending stiffness about the
x-axis at 9.4x10° Nm’. Thus, by way of cxample only, the bending stiffness of cannula
(20) may fall within the range of approximately 0.7x10° Nm? to approximately 9.4x1¢¢
Nm’; or more particnfarly within the range of approximately 1.2x10° Nm? to
approximately 9.4x10° Nm® or morc particularly within the range of approximately
2.0x10° Nm’ to approximately 7.5x10°° Nm®; or more particularly within the range of

approximately 2.0x10°® Nm® to approximately 6.0x10° "’m"; or more particularly within
e tely 2.0x10° Nm” to apy tely 6.0x10° N’ particularly with

o
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the range of approximately 3.0x10™ Nm’ to approximately 5.0x10° Nm™ or more
particularly within the range of approximately 4.0x10° Nm” to approximately 5.0x10”

2

Nm”,

{83068} In the present example, the flexibility of cannula (20} may also be quantified by

the following formula:

5 Fi¥
' ’ ¢ = m—
100063] 1) \8EI
{83070} In the above cquation, bending stiffness (El) is calculated cxperimentally by

deflecting cannula (20) having a fixed span (L} a sct distance to yield a predetermined
amount of deflection (8). The amount of force (F) reguired for such a deflection may then
be recorded. For instance, when using such a method cannula (20) may have a span of
0.06 m and may be deflected for a given distance. By way of example only, onc
excmplary material that may be used to form cannula (20} may reguire a foree of 0.0188
N to achieve a deflection of 0.0155 m, providing a calculated bending stiftness about the
x-axis of 5.5x10°° Nm”. In another exemplary material that may be used to form cannula
(20} may require a force of 0.0205 N to achieve a deflection of 0.0135 m, providing a
caloulated bending stiffness about the x-axis of 6.8x10° Nyo®. In still another exemplary
material that may be used to form cannula (20) may rvequire a force of 0.019% N to
achieve a deflection of 0.009% m, providing a calculated bending stiffness about the x-
axis of 9.1x10° Nm?, In yet another exemplary material that may be used to form cannula
(20} may require a force of 0.0241 N to achieve a deflection of 0.0061 m, providing a
calenlated bending stiffness about the x-axis of 1.8x10° Nm®. In yet another exernplary
material that may be used to form cannula {20) may require a force of 0.0190 N to
achigve a deflection 0.0081 m, providing a calculated bending stiffness about the x-axis
of 1.0x10°® Nm®. In vet another exemplary material that may be used to form cannula
(20} may require a force of 8.0215 N to achicve a deflection of (.0114 m, providing a
caleulated bending stiffness about the x-axis of 8.4x10°° Nm’. In vet another exemplary
material that may be used to form cannula (20} may require a force of 0.0193 N to
achieve a deflection of 0.0170 m, providing a calculated bending stiffness about the x-

axis of 5.1x10™° Nm?. In yet another exemplary material that may be used to form cannula

10
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(20} may require a force of 0.0224 N to achieve a deflection of 0.0152 m, providing a
calculated bending stiffness about the x-axis of 6.6x10°° Nm”. In yet another exemplary
material that may be used to form cannula (20) may require a force of 0.0183 N to
achicve a deflection of 0.0119 m, providing a calculated bending stiffncss about the x-
axis of 6.9x10°° Nm®. In yet another cxemplary material that may be used to form cannula
{20y may require a force of 0.0233 N to achicve a deflection of 0.0147 m, providing a
caleniated bending stiffncss about the x-axis of 7.1x10° Nm’ In yet another cxemplary
material that may be used to form cannula (20} may require a force of 0.0192 N 1o
achicve a deflection of 0.0122, providing a calculated bending stiffness about the x-axis
of 7.1x10°° Nm®. In vet another exernplary material that may be used to form cannula
(20} may require a force of 0.0201 N to achieve a deflection of 0.0201, providing a
caloulated bending stiffness about the x-axis of 4.5x10° Nat. Thus, by way of example
only, the bending stiffness of cannula (20) may fall within the range of approximately
L.Ox10° Nm? to approximately 9.1x10° Nm’. Tt should be understood that in other
exaroples, the bending stiffncss of cannula may fall within the range of approximately
0.7x10°° Nm” to approximately 11.1x160° Nm?; or more particularly within the range of

approximately 2.0x10° Nm” to approximately 6.0x10° Nm®.

160071} Needle (30} may have a bending stiffness that differs from the bending stiffness
of cannula (20). By way of example only, needle (30) may be formed of a nitinol
material that has an elastic modulus (£) of 7.9x10" N/m?%, and an area moment of inertia
(L} of 2. 12510 m', providing a calculated bending stiffness about the x-axis at 1.7x1 o¢
Nm’. By way of further example only, the beonding stiffness of needle (30) may fall
within the range of approximately 0.5x10° Nm” to approximately 2.5x10° Nm’; or more
particularly within the range of approximately 0.75x10° Nm” to approximately 2.0x10°
Nm’; or more particularly within the range of approximately 1.25x10° Nm® to

approximately 1.75x 10 N

{60672} As can be seen in FIGS. S and 6, cannula (20} comprises two side lumens (22
and a single central lumen (24) extending longitudinally through cannula (20) and
torminating at an atraumatic, beveled distal end (26}, A beveled lateral opening (28} is

located proximal to beveled distal end {26}, Side lumens (22} contribute to the tlexibility

i1



WO 2015/187611 PCT/US2015/033657

of cannula (20). Although lumens (22, 24} are shown as being open at beveled distal end
(26}, it should be understood that in some cxamples, side lumens {22, 24} may be
optionally closed at beveled distal end (26}, As will be described in greater detail below,
:ontral lumen (24} is configured to receive needle (30} and a needle guide (80). In some
versions, an optical fiber (not shown} is also disposed in central lumen (24) alongside
needle (30). Such an optical fiber may be used to provide illumination and/or optical

feedback.

160073} Beveled distal end (26) is generally beveled to provide separation between the
sclera and choroid lavers to cnable cannula (20} to be advanced between such layers
whilc not inflicting trauma to the sclera or choroid layers. In the present example, beveled
distal end (26} is beveled at an angle of approximately 15° relative to the longitudinal
axis of cannula (20) in the present example. In other examples, beveled distal end (26)
may have a bevel angle within the range of approximately 5° to approximately 50°; or
more particularly within the range of approximately 5° to approximately 40°; or more
particularly within the range of approximately 10° to approximately 30° or more

particularly within the range of approximately 10° to approximately 20°.

{00074} A needle guide (80) is disposed within lumen (24) such that the distal end of
needle guide (R0} abuts beveled lateral opening (28). Needle goide {803) is generally
configured to direct needle (30) upwardly along an exit axis (EA) that is obliquely
oriented relative to the longitudinal axis (LA) of cannula (20) through beveled opening
(28} of cannula (20). Needle guide (80) may be formed of plastic, staindess steel, and/or
any other suitable biocompatible material(s). The shape of needle guide (80} is
configured for inscrtion into central fumen (243, In the present example, needie guide
(80} is secured within central fumen (24) by a press or interference fit, although in other
examples, adbesives and/or mechanical locking mechanisms may be vsed to secure

needle guide (80},

180875] As can best be seen in FIG. 6, needle guide (8O} defines an internal fumen (84)
that is configured to slidably receive needle (30}, In particular, internal fumen (84)
inclodes a generally straight proximal portion (86) and a curved distal portion (88}
Straight proximal portion (86) corresponds to the longitudinal axis (LA} of cannula (20),
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while curved distal portion (88) curves upwardly away from the longitudinal axis of
cannula (20}, Curved distal portion (&) of the present example is curved to direct needle
(30) along an cxit axis (EA) that cxiends distally from canmula (20) at an angle of
approximately 7° to approximately 9° relative to the longitudinal axis (LA} of cannula
(20). It should be understood that such an angle may be desirable to deflect needle (30}
in a direction to ensure penctration of needle into the choroid (306} and to minimize the
possibility of necedle (30} continuing beneath the choroid (306) through the
suprachoroidal space (as opposed to penctrating through the choroid (306}) and the
possibility of retinal perforation. By way of further example only, curved distal portion
(88} may urge needle (30} to exat cannula (20) along an exit axis {(EA} that is oviented at
an angle within the range of approximately 5° to approximately 30° relative fo the
longitudinal axis (LA) of cannula (20); or more particolarly within the range of
approximately 3° to approximately 20° relative to the longitudinal axis (LA) of cannula
(20}, or more particularly within the range of approximately 5° to approximately 10°

relative to the longitudimal axis (LAY of cannula (20},

{80076} Needle (30) is in the form of an inner cannula that has a sharp distal end {(32) and
defines an internal lomen (34). Distal end (32) of the present example has a lancet
configuration. In some other versions, distal end (32) has a tri-bevel configuration or any
other configuration as described in U.S. Pat. App. No. 14/619,256, entitled “Method and
Apparatus for Suprachoroidal Administration of Therapeutic Agent,” filed February 11,
2015, the disclosure of which is incorporated by reference berein. Still other suitable
forms that distal end (32} may take will be apparent to those of ordinary skill in the art in
view of the teachings herein. Needle (30) of the present example comprises a nitinol
hypodermic needle that is sized to deliver the therapeutic agent while being small enough
to create self sealing wounds as needle (30) penetrates tissue structures of the patient’s
eye, as will be described in greater detail below. By way of example only, needle (30)
may be 35 gauge with a 100 um inner diameter, although other suitable sizes may be
used. For instance, the outer diameter of needle (30} may fall within the range of 27
gauge to 45 gauge, or more particularly within the range of 30 gauge to 42 gauge; or
more particularly within the range of 32 gauge to 39 gauge. As another merely
ithustrative cxample, the inner diameter of needle (30) may fall within the range of
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approximately 50 um to approximately 200 pm; or more particularly within the range of
approximately 50 ym to approximately 150 pwm; or more particularly within the range of

approximately 75 um to approximately 125 pm.

{00877} Referring back to FIGS. 1-2, body (40} is gencrally shaped as an clongate
rectangle with a curved distal end. The particular shape of body (48} that is shown is
configured to be grasped by an operator. Alternatively, body (40} may be mounted on a
support device or robotic arm for ease of positioning instrament (10}, as described in U8,
Pat. App. No. 14/619,256, cntitled “Method and Apparatus for Suprachoroidal
Administration of Therapeutic Agent,” filed February 11, 2015, the disclosure of which is

incorporated by reference herein.

{00078} Actuation assembly (60} includes an actuation member (62) and a locking
member (66). Locking member (66) is removably attachable to body engagement portion
(50}, between body (40} and actuation member (62). As will be described in greater
detail below, locking momber (66) fills a space between body (40) and actuation member
(62} to prevent actuation member {62) from being advanced distally relative to body (40).
However, locking member (66} can be removed to sclectively permit actuation member

{62} to be advanced distally relative to body {(40}.

1060079} FIGS. 2-4 show an cxemplary actuation of instrument (10). In particular, as can
be scen in FIG. 2, needle (30) 1s imtially retracted mto cannula (20) and locking member
(66} is positioned between body (40} and actuation member (62}, thereby preventing
advancersent of actuation member (623, With instrument (10} in this configuration,
cannula (20) may be positioned within an eye of a paticnt as will be described in greater

detail below.

100080} Once cannala {20) is positioned within an eye of a patient, an operator may desire
to advance needle (30) relative to cannuola (20). To advance needle (30), an operator may
first remove locking member (66} by pulling locking member (66} away from instrument
(10}, as can be seen in FIG. 3. Once locking member (66) is removed, actuation member
(62} may be moved or translated relative to body (40) to advance needle (30} relative to

cannula (20) as described in U.S. Pat. App. No. 14/619,256, entitled “Method and
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Apparatus for Suprachoroidal Administration of Therapeutic Agent,” filed February 11,
2015, the disclosure of which is incorporated by reference hercin.  Actuation member
(62} of the present cxample is only configured to translate necedle (30) and not rotate
necdle (30). In other examples, it may be desirable to rotate ncedie (30). Accordingly,
alternative cxamplcs may include featurcs in actuation member (62} to rotate and

translate needle (30).

[66081] In the present example, advancement of actuation member {62} into contact with
body (40) as shown in FIG. 4 corresponds to advancement of needle (30) to a position
relative to cannula (20) to a predetermined amount of penctration within an eye of a
patient. In other words, instrument (10} is configured such that an operator ounly has to
advance actuation member (62) into contact with body (40} to properly position needle
(30) within an cye of a patient. In some cxamples, the predetermined amount of
advancernent of needle (30} relative to canonula (20} is between approximately .25 nun
to approximately 10 mmy or more particularly within the range of approximately .1 mam
o approximately 10 mm; or more particularly within the range of approximately 2 mm fo
approximately 6 mam; or more particularly to approximately 4 mm.  In other exanmples,
contact between actuation member (62) and body (40) may have no particular
significance besides the maximum advancement of needle (30) relative to cannula (20).
Instead, instrument (13} may be cquipped with certain tactile feedback features to
indicate to an operator when needle (30} has been advanced to certain predetermined
distances relative to cannula (20). Accordingly, an operator may determine the desired
depth of penetration of needle {(30) into a patient’s eye based on direct visualization of
indicia on instrument and/or based on tactile feedback from instrument (10). Of course,
such tactile feedback features may be combined with the present example, as will be

apparent to those of ordinary skill in the art in view of the teachings herein.

183082} 1L Exemplary Suture Measurement Template

HHUERY FIG. 7 shows an exemplary suture measurement template {210} that may be used
in a procedure providing subretinal administration of a therapeutic agent from a

suprachoroidal approach, as will be described in greater detail below.  Generally,

template (210} 18 configured to be pressed against an eye of a patient to stamp a particular
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pattern of pigment onto the patient’s eye. It should be understood that reference herein to
pressing template (210} against an eve of a patent may include, but is not nccessarily
limited to, pressing template (210} directly against the sclera (304) surface {e.g., after the
conjunciiva has been taken down or otherwise displaced). Template (210} comprises a
rigid body (220) and a rigid shaft (240). As will be described in greater detail below,
body (220} 1s generally contoured to correspond to the curvature of a patient’s ¢ye such
that body (220) may be pressed or placed onto at least a portion of the patient’s ¢ye.
Body (220) comprises an upper guide portion {222) and a plurality of protrusions (230)

extending distally from an eye face {(224) of body (220).

[60084] Upper guide portion {222) is generally semi-circular in shape and is disposed at
the top of body (220). The semi-circular shape of upper guide portion (222) has a radius
that corrcsponds to the curvature of the Hmbus of a patient’s cye. In other words, upper
guide portion (222} curves proximally along a first radius corresponding to a radius of
curvatore of a patient’s eyeball; and downwardly (toward the longitadinal axis of shaft
(240%) along a secound radius corresponding to a radius of curvatare of the limbus of the
patient’s eye. As will be described in greater detail below, upper guide portion (222)
may be used to properly locate teraplate {210) relative to the limbus of the patient’s eye.
Accordingly, any pigmentation that may be deposited onto a patient’s e¢ye by template

may be positioned relative to the limbus of the patient’s eve.

[00085] Protrusions {230} are spaced a predeternuned distance from upper guide portion
(222). In particular, protrusions (230) form a pattern that may correspond to relevant
marks for use during the method described below.  Protrusions (230} of the present
example comprise fouwr sutore loop protrusions (230a-230h) and two sclerotomy
protrusions (2301, 2304). Suture loop protrusions (230a-320h} and sclerotomy protrusions
(2301, 2305} extend outwardly from body (220} an equal distance such that protrusions
(230} coliectively maintain the curvature defined by body (220). In other words, the tips
of protrusions {230a-230j3 all lie along a curved plane that is defined by a radius of
auvatare complementing the radius of corvature of the patient’s eyeball. The tips of

protrustons {230a-2304) are rounded and atraumatic such that protrusions (23(a-2304)
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may be pressed against the cye without damaging the sclera or other portions of the

patient’s ¢ve.

{83086} Shaft (240} extends proximally from body (220). Shaft (240} is configured to
permit an operator to grasp template (210} and manipulate body {220). In the present
example, shaft (240} is integral with body (220}, In other examples, shaft (240} may be
sclectively attachable to body by a mechanical fastening means such as a threaded
coupling or a mechanical snap fit, ctc. In some versions, an operator may be presented
with a kit comprising a shaft (240} and a plurality of bodics (220}, The bodics (220) may
have different curvatures to correspond with different cycballs having different radii of
curvature. The operator may thus sclect an appropriate body (220} from the kit based on
the anatormy of the particular paticnt before the operator; and the operator may then
secure the sclected body (2203 to the shaft (240). Although not shown, it should be
understood that the proximal end of shaft (240) may additionally include a t-grip, kuob,

or other gripping feature fo permit an operator to roore readily grip shaft (240).

100087} In an exemplary use, suture loop protrusions (232) and sclerotomy protrusions
(234} cach correspond to a particular portion of the method described below. In
particular, prior to, or during the method described below, an operator may coat
protrusions (230} with a biocompatible pigment or ink by pressing protrusions {(230) onto
a pigment or ink pad (250), by brushing the pigment or ink onto protrusions (230}, or by
otherwise applying the pigment or 1ok to protrusions {230}, In some versions, protrusions
(230} may be pre-inked before teraplate {210) 1s packaged. Once protrusions (2303 have
received the pigment or ink, an operator may mark an ¢ve of a patent by pressing
protrusions (230} of template (210} onto the eye of the patient, as will be described in
greater detail below. Unce template (210} is removed from an eve of a patient, the
pigiment from protrusions may remain adhered to the eye to mark particular points of

interest, as will be described in greater detail below.

{00088} {HIR Exemplary Method for Subretinal Delivery of Therapeutic Agent from a

Suprachoroidal Approach

[—
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{B3089] FIGS. 8A-10C show an exemplary procedure for subretinal administration of a
therapeutic agent from a suprachoroidal approach using instrument {10} described above.
It should be understood however, that instrument (2010} of FIGS. 11- 13 may be readily
used in addition to or in Heu of instrument (10} in the procedure described helow. By
way of cxample only, the method described herein may be employed to treat macular
degencration and/or other ocular conditions. Although the procedure described herein is
discussed in the context of the treatment of age-related macular degeneration, it should be
understood that no such Hmitation is intended or implied. For instance, in some merely
cxemplary alternative procedures, the same technigues described herein may be used to
freat retinitis  pigmentosa, diabetic retinopathy, and/or other ocular conditions.
Additionally, i should be undersiood that the procedure described hercin moay be used to

freat either dry or wet age-related macular degeneration.

[00090] As can be scen in FIG. 8A, the procedurc begins by an operator immobilizing
fissue swrrounding a patient’s eve {301} {e.g., the eychids) using a speculum (312}, and/or
any other instrument suitable for imwonobilization. While 13 immobilization described
herein with reference to tissue swrounding eye (301), it should be understood that eve
(301) itself may remain free to move. Once the tissue surrounding eye (301} has been
immobilized, an eye chandelier port (314) is nserted into eve (301) to provide intraccular
tHumination when the interior of eye (301} 15 viewed through the pupil. In the present
example, eve chandelier port (314} is positioned in the inferior medial gquadrant such that
a superior terporal quadrant sclerotomy may be preformed. As can be seen in FIG. 10A,
eye chandelier port (314) 18 positioned to direct light onto the interior of eve (314) to
tHhuminate at least a portion of the retina (e.g., including at least a portion of the macula).
As will be understood, such tlumination corresponds to an area of eye {301) that is being
targeted for delivery of therapeutic agent. In the present example, only chandelier port
(314} is inserted at this stage, without yet mserting an optical fiber (315) into port (314).
In some other versions, an optical fiber {315) may be inserted into chandelier port (314)
at this stage. In cither case, a microscope may optionally be utilized to visually inspect
the eye to confirm proper positioning of eye chandelier port (314} relative to the target
site. In some examples, the target region may be identified by a relative lack of retinal
pigmentation.  Although FIG 8A shows a particular positioning of ¢ye chandelier port

I8



WO 2015/187611 PCT/US2015/033657

(314}, it should be understood that ¢ye chandelicr port {314) may have any other
positioning as will be apparent to those of ordinary skill in the art in view of the teachings

herein,

{60091} Once cye chandclicr port {314} has been positioned, the sclera {304) may be
accessed by dissecting the conjunctiva by incising a flap in the conjunctiva and pulling
the flap posteriorly. After such a dissection is completed, the exposed surface (305} of the
sclera {304} may optionally be blanched using a cautery tool to minimize blceding. Oncce
conjunctiva dissection is complete, the cxposed surface (305) of the sclera (304) may
optionally be dried using a WECK-CEL or other suitable absorbent device. Template
{210}, described above, may then be used to mark eye (301}, As can be scen in FIG. 8B,
template (210} is positioned to align with the limbus of eye (301). An operator may apply
a light force to template (210} to apply pigment to cye (301). Tomplate (210} is then
removed, leaving pigment adhered to the exposed surface (305} of the sclera (304) to
provide a visual guide (320) for an operator, as can be seen in FIG. 8C. An operator may
then use visual guide (3203 to attach a suture loop assembly (330) and to perform a
sclerotomyy.  Vispal guide (320) comprises a set of suture loop markers (321, 322, 323,

324, 325,326, 327} and a pair of sclerotoroy markers (329).

{00092} FIG. 8§D shows a completed suture loop assembly (330}, As will be deseribed in
greater detail below, suture loop assembly (330) is generally configured to guide cannula
(20} of instrurnent (10} through a sclerotomy and mto eye (301). An excmplary
procedure that may be employed to create the sutare loop assembly (330) that 1s shown in
FIG. 8D 1s deseribed in UK, Pat. App. No. 14/619,256, entitled “Method and Apparatas
tor Suprachoroidal Administration of Therapeutic Agent,” filed February 11, 2015, the
disclosure of which is incorporated by reference herein. Ongce suture loop assembly (330}
has been attached to eye (301}, a sclerotomy may be performed on eve (301). As seen in
FIG. 8E, eye (301) is cut between sclerotomy markers (329} using a conventional scalpel
(313) or other suitable cutting instrument. Although sclerotomy markers (329) are shown
as comprising two discrete dots, it should be understood that in other examples, markers
(329} may comprise any other type of markings such as a solid, dotted or dashed line.

The sclerotomy procedure forms a small incision {316) through sclera (304) of eye (301},
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As can best be seen in FIG. 9B, the sclerotomy is preformed with particular care to avoid
penctration of the choroid (306). Thus, the sclerotomy procedure provides access to the
space between sclera (304) and choroid (306). Once mcision {(316) is made in eve (301),
a blunt dissection may optionally be performed to locally separate sclera (304) from
choroid (306). Such a disscction may be performed using a small blunt clongate
instrument, as will be apparent to those of ordinary skill in the art in view of the teachings

herein,

{60093} With the sclerotomy procedure performed, an operator may insert cannula (20) of
instrument (10} through incision (316) and into the space between sclera (304} and
choroid (306). As can be seen in FIG. 8F, cannula (20} is directed through guide loops
(336) of suture loop assembly (330} and into incision (316). As described above, guide
loops (336) may stabilize cannula (20). Additionally, guide loops (336} maintain cannula
(20) in a generally tangential orientation relative to incision (316). Such tangential
orientation may reduce traurna as cannula (20) 15 guided through incision (316) fo
stabilize cannula (20) and to prevent damage to surrounding fissue. As cannula (20) 1s
imserted into incision (3163 through guide loops (336), an operator may use forceps or
other instruments to further guide cannula (20) along an atraumatic path. Of course, use
of forceps or other instruments is merely optional, and may be omitted in some examples.
Although not shown, it should be understood that in some examples cannula (20} may
include one or more markers on the surface of cannula (203 to indicate various depths of
msertion. While merely optional, such markers may be desirable to aid an operator in
identifying the proper depth of insertion as cannula (203 i3 guided along an atraumatic
path. For instance, the operator may visually observe the position of such markers in
relation to guide loops {336) and/or in relation to incision {316) as an indication of the
depth to which cannula (20} 18 inserted in gyve {(301). By way of example only, one such

marker may correspond to an approximately 6 mm depth of insertion of cannula {20).

1606094} Once cannula (20) is at least partially inserted into eye {301}, an operator may
insert an optical fiber (315} into eye chandelier port {314) the fiber (315} had not yet been
inserted at this stage. With eve chandelier port (314) in place and assembled with optical

fiber (315), an operator may activate eye chandelier port (314} by directing light through

20



WO 2015/187611 PCT/US2015/033657

optical fiber (315} to provide illumination of cye (301} and thereby visualize the interior
of cve (301). Further adjustments to the positioning of cannula (20} may optionally be
made at this point to ensure proper positioning relative to the arca of geographic atrophy
of retina (308}, In some instances, the operator may wish to rotate the cye (301), such as
by pulling on sutures (334, 339}, to direct the pupil of the cye (301} toward the operator

in order to optimize visualization of the interior of the eve (301) via the pupil.

[00095] FIGS. 8G and 9C-9D show cannula (20} as it is guided between sclera (304) and
choroid (306) to the delivery site for the therapeutic agent. In the present example, the
delivery site corresponds to a gencrally posterior region of ¢yve (301) adjacent to an arca
of geographic atrophy of rctina (308). In particular, the delivery site of the present
cxarmple is superior to the macula, in the potential space between the neurosensory retina
and the retinal pigment epithclium layer. FIG. &G shows eye (301} under dircct
visualization through a microscope directed through the pupil of cye (301}, with
itlumination provided through fiber (315) and port (314}, As can be seen, cannula (20} 18
at least partially visible through a retina (308} and choroid (306) of eve (301). Thus, an
operator may track cannula (20} as it 5 advanced through eye (301} from the position
shown in FIG. 9C to the position shown in 9D, Such tracking may be enhanced in
versions where an optical fiber (34) 18 used to emit visible light through the distal end of

cannla (20}

[86096] Once cannula {20) has been advanced to the delivery site as shown in FIG. 9D, an
operator may advance needle (30) of mstrurnent {18) as described above with respect to
FIGS. 3-4. As can be seen in FIGS. 8H-RI, 9E, and 10A, needle (30) is advanced relative
to canmula {20) such that needle (30) picrces through choroid (306) without penctrating
retina {308). Immediately prior to penetrating choroid (306), needle (30} may appear
under direct visualization as “tenting” the surface of choroid (3(6), as can be seen in FIG.
SH. In other words, needle (30) may deform choroid (306} by pushing spwardly on
choroid, providing an appearance similar to a tent pole deforming the roof of a tent. Such
a visual phenomenon may be used by an operator to identify whether choroid (306} is
about to be picrced and the location of any eventual picrcing. The particular amount of

needle (30) advancement sufficient to initiate “tenting” and subsequent piercing of
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choroid (306) may be of any suitable amount as may be detormined by a number of
factors such as, but not limited to, general paticnt anatomyy, local patient anatomy,
operator preference, and/or other factors. As described above, a merely exemplary range
of needle (30) advancement may be between approximately 0.25 mm and approximately

10 mm; or more particularly between approximately 2 mm and approximately 6 mm,

{60097} In the present example, after the operator has confirmed that needle (30) has been
properly advanced by visualizing the tenting effect described above, the operator infuses
a balanced salt solution (BSS) or other similar solution as needle (30) 1s advanced relative
to cannula (20}, Such a BSS solution may form a leading bleb (340} ahcad of needle (30}
as needle (30) is advanced through choroid (306}, Leading bleb (340) may be desirable
for two reasons. First, as shown in FIGS. 81, 9F, and 10B, leading bleb (340) may provide
a further visual indicator to an operator to indicatc when ncedle (30} is properly
positioned at the delivery site. Second, leading bleb (340) may provide a barricr between
needle (30) and retina (308) once needle (30} has penetrated chorowd (306). Such a
barricr may push the retinal wall outwardly {as is best seen in FIGS. 9F and 10B), thereby
minimizing the risk of retinal perforation as needle (30) is advanced to the delivery site.
Tn some versions, a foot pedal is actuated 1n order to drive leading bleb (340) out from
needle (30). Alternatively, other suitable features that may be used to drive feading bleb
(340) out from needle (30} will be apparent to those of ordinary skill in the art in view of

the teachings hercin.

{00098} Onee the operator visnalizes leading bleb (340), the operator may cease infusion
of BSS, leaving a pocket of fluid as can be seen in FIGS. 81, 9F, and [0B. Nexi, a
therapeutic agent (3413 may be infused by actuating a syringe or other flnid delivery
device as described above with respect to instrument {10). The particular therapeutic
agent (341} delivered may be any suitable therapeutic agent configured to treat an ocular
condition. Some merely exemplary suitable therapeutic agents may include, but are not
necessarily hmited to, drugs having smaller or large molecules, therapeutic cell solutions,
certain gene therapy solutions, and/or any other suitable therapeutic agent as will be
apparent to those of ordinary skill in the art in view of the teachings herein. By way of

example only, the therapeutic agent (3415 may be provided in accordance with at least
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some of the teachings of U.S. Patent No. 7,413,734, entitled “Treatment of Retinitis
Pigmentosa with Human Umbtlical Cord Cells,” issued August 19, 2008, the disclosure

of which is incorporated by reference hercin.

{60099} In the present example, the amount of therapeutic agent (341} that is nitimately
delivered to the delivery site is approximately 50ul, although any other suitable amount
may be delivered. In some versions, a foot pedal is actuated in order to drive agent (341}
out from needle (30). Alternatively, other suitable features that may be used to drive
agent (341) out from needle (30) will be apparent to those of ordinary skill in the art in
view of the teachings hercin. Delivery of therapeutic agent may be visualized by an
expansion of the pocket of fluid as can be seen in FIGS. 8], 9G, and 10C. As shown,
therapeutic agent {341} cssentially mixes with the fluid of leading bicb (340} as

therapeutic agent (341) is injected into the surprachoroidal space.

000100 Onee delivery is complete, needle (20) may be retracted by sliding actuation
assembly (60} proximally relative to body (40); and cannula (30) may then be withdrawn
from eye (301). It should be understood that because of the size of needle (20), the site
where needle (20} penctrated through choroid (306} is seif sealing, such that no further
steps need be taken to scal the delivery site through choroid (306). Suture loop asserably
(330} and chandchicr (314} may be removed, and incision (316) in the sclera (304) may

be closed using any suitable conventional techniques.

000101 As noted above, the foregoing procedure may be carricd out to treat a patient
having macular degeneration. In some such instances, the therapeutic agent (341) that is
delivered by needle (20) may comprise cells that are dernived from postpartom urobilicus
and placenta. As noted above, and by way of example only, the therapeutic agent (341)
may be provided in accordance with at least some of the teachings of U.S, Patent No.
7,413,734, entitled “Treatment of Retinitis Pigmentosa with Homan Umbilical Cord
Cells,” wssued August 19, 2008, the disclosure of which is incorporaied by reference
herein. Alternatively, needle (20) may be used to deliver any other suttable substance or
substances, in addition o or in licu of those described in 1S, Patent No. 7,413,734

and/or elsewhere hercin. By way of example only, therapeutic agent (341} may comprise
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various kinds of drugs including but not limited to small molecules, large molecules,
cells, and/or gene therapics. It should also be understood that macular degenceration is
just one merely illustrative example of a condition that may be treated through the
procedure described herein. Other biological conditions that may be addressed using the

instruments and procedures described herein will be apparent to those of ordinary skill in

the art.
1000102} IV,  Excmplary Therapeutic Agent Delivery Instrument with Rotary Needle
Actuation Feature and Valve Assembly
1800103} In some examples, it may be desirable to vary certain components or features of

the instruments described herein, For instance, it may be desirable to utilize instruments
similar to instrument {(10) with alternative mechanisms to actuate needle (30) and/or a
valve assembly to selectively control the flow of feading bich (340) and therapeutic agent
(341). FI1G. 11 shows an cxemplary alternative instrument (2010) that is similar to
instrument (10} deseribed above, except that instrument (2010) of this example includes
an alternative assembly (2100} to actuate a needle (2030); and instrument (2010} also

includes a valve assembly (2200).

000104} While certain featurcs and operabilitics of instrument (2010} arc described below,
it should be understood that, in addition to or in licu of the following, instrument (2010)
may be configured and/or operable in accordance with any of the teachings of U.S. Pat,
App. No. 14/619,256, entitled “Mcthod and Apparatus for Suprachoroidal Administration
of Therapeutic Agent,” filed Febroary 11, 2015, the disclosure of which 15 incorporated
by reference herein. Like with instruroent (10), fnstrument (2010) of the present example
is generally usable in the procedure described herein to administer a therapeutic agent
subretially fromn a suprachoroidal approach. It should therefore be understood that
mstrument {(2010) mway be readily used n place of instrument {10) to perform the medical
procedure deseribed above with reference to FIGS. 8A-10C.  Like instrursent {10},
nstroment (2010} of this example comprises a cannula (2020), a body (2040), and an

actuation assernbly (2100}, Cannula (2020} includes a nitinol needle (2030) extending
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therethrough. In the present example, cannula {2020) and needle (2030) are substantially

identical to cannula (20) and needle (30} deseribed above.

1600105) One difference between instrument (10} and instrument (2010) is that actuation
assembly (2100} of instrument (2010) is rotatable instead of being shidable. Additionally,
instrument (2010} inchades a valve assembly {2200) that is operable to change the fluid
state of needle (2030). Actuation assembly (2100} is generally operable to translate valve
assembly (2200} longitudinally to thereby translate needle (2030) longitudinally relative

to cannula (2020) through rotation of a knob member (2110).

1008106] When actuation assembly (2100} is in the proximal position, an operator may
rotate knob member (2110} in either a counter clockwise or clockwise direction. If knob
member (2110} is rotated in the counter clockwise direction, rotation member (2110} will
merely rotate freely. To begin advancement of actuation assembly (2100}, valve
assembly (2200}, and needle (2030), the operator may rotate knob member (2110) in the
clockwise direction. Clockwise rotation of knob member (2110} will act to translate
knob member (2110} distally and will also act to translate valve assembly (2200} and
needle (2030} distally. The operator may continue clockwise rotation of knob member
(2110} to drive needle (2030} out of the distal end of cannula (2020). Once needle (2030}
has been advanced to its furthest distal position relative to the distal end of cannula
(2020), further clockwise rotation of knob member (2110} will merely result in free
rotation of knob member (2110} due to slipping of clutch features that are integrated into
actuation assembly (2100). With needie (2030) in the distal position, the operator may
actuate valve assembly (2200) as described below to enable the delivery of leading bleb

{430} and therapeutic agent (341) via needle (2030} as described above.

[000197] After leading bleb (430) and therapeutic agent (341) have been delivered, the
operator may then wish to retract needle (2030). Counter clockwise rotation of knob
member (2110} will canse proximal translation of actuation assembly (2100), valve
assembly (2200}, and needle (2030) relative to body (2040).  As actuation assembly
(2100} 1s rotated to actuate valve assembly (2200) and needle (2030}, valve assembly and

needle {2030) remain substantially rotationally stationary relative to body (2040). It
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should also be understood that although rotation member {2110) of the present exampie is
described as being manually rotated, rotation member (2110) may be rotated via a motor
and/or some other motive source. Thus, it should be understood that transiation of needle
(2030} may be mechanically/clectrically driven via a servomotor. Such a servo control
may be manually operated. Additionally or alternatively, such a servo controller may be
operated via a computer acting on feedback from instrument (2010) or any other

component described herein,

{600108] As can best be seen in FIGS. 12-13, valve assembly (2200) comprises a valve
body (2210}, a valve actuator (2230), and a ncedle coupler (2240). In particular, valve
body (2210) compriscs a valve housing {2212), a cylindrical attachment member (2218)
extending proximally from valve housing (2212}, and a coupler insert (2220}, Valve
housing (2212} is gencrally cylindrical in shape. As can best be seen in FIG. 13, valve
housing (2212} defines a chamber (2214) that is configured to receive a pair of supply
fubes (2090, 2091} and valve actuator (2230). Each side of valve housing (2212)
ncludes a pair of actuator openings (2216), which arc configured to rotatably receive
valve actuator {2230} through valve housing (2212) and into chamber (2214). In the
present example, first supply tube (2090} 1s configured to couple with a source of bleh
fluid (340) (¢.g., BSS); while second supply tube (2091} s configured to couple with a
source of therapeutic agent (341). It should be understood that cach floid supply tube
(2090, 2091} may nchide a conventional huer feature and/or other structures permitting

fluid supply tubes (2090, 2001} to be coupled with respective fluid sources.

[000109] The proximal ¢ond of valve housing (2212) defines a tube opening (2215} that
extends o chamber (2214). As can be seen tube operung (2215) 1s configured to receive
a tube (2092) which houses supply tubes (2090, 2091). Tube (2092} surrounds supply
tubes (2090, 2091) to prevent inadvertent rotation of supply tubes {2090, 2091} by
actuation assembly (2100}, In the present example, tube opening (2215} 18 sized such
that tube (2092} is secured to valve housing {(2212) by a compression or interference fit.
In other examples, tube {2092) may alternatively be secured within tube opening (2215)
by adhesive bonding, welding, mechanical fastencrs, and/or using any other suitable

structures or techniques.
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1000110} Coupler insert (2220} extends distally from valve housing (2212} and is generally
configured for insertion into the proximal ond of needle coupler {2240}, Coupler insert
(2220) is generally cylindrical in shape and comprises an annular recess (2222) and a
distal tip (2224). Annular recess {2222) receives a rubber o-ring (2223} or other sealing
device. Distal tip (2224} includes a pair of fluid openings (2226} and a conical protrusion
(2228). Fluid openings (2226) open to a pair of tube lumens (2227}, which cxicnd
through coupler insert (2220). Tube lumens (2227) arc generally configured to reccive
supply tubes (2090, 2091) such that fluid may be delivered to needle coupler (2240) via
fluid openings (2226). Conical protrusion (2228) is configured to be received by needic
coupler (2240) to direct flid from fluid openings (2226) and into ncedle (2030).
Therefore, cither supply tabe (2090, 2091) s configured to duwrect fhud directly mto
needle (2030) without having to remove needle (2030) from the surgical site. Thercfore,
bleb floid (340) can be injected into the subretinal space of a patient and therapeutic
agent (341} can he mjected mumediately afterwards without the need of removing needle
(2030). Valve actuator (2230} is rotatable relative to valve body (2210 to selectively
pinch and un-pinch supply tubes (2090, 2091}, thereby selectively preventing or
permitting the flow of bleb fluid (340) and therapeutic agent (341} through tubes (2090,

2091} to reach needle (2030},

600111} V. Exemplary Instrumaent for Delivery of Therapeutic Agent from Trans-
Retinal Approach
000112 In some instances, it may be desirable to deliver bieb fluid (340) and therapeuntic

agent {341) to the subretinal space from a transvitreal, trans-retinal approach. For
instance, it may be desirable to deliver bleb flind (340} and therapeutic agent (341) to the
subretinal space through a pars plana transvitreal procedure. It may further be desirable
to deliver both bleb fhud (340) and therapeutic agent (341} to the subretinal space from a
frans-retinal approach using just one single tip of just one single instrument, such that the
subretinal space only needs to be entered one single time. Providing this capability may
reguire the convergence of two or more fumens into a single lumen in the single tip, with
bleb fluid (340} being fed through one humen and therapeutic agent {341) being fed

through the other lumen. As noted above, providing leading bleb (340} in the subretinal
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space could be beneficial to gain separation between the retina and the choroid to create a

more forgiving entry portal for therapeutic agent (341} to the subretinal space.

{000113} FIGS. 14-22 show an ¢xemplary instrument (3010} that may be used to deliver
bleb fluid (340} and therapeutic agent {341} to the subretinal space from a transvitreal,
trans-retinal approach via a single lumen in a single tip. As best seen in FIG. 14,
instrument {3010} of this example comprises a pair of luer fittings (3095, 3096), a fhuid
supply guide (3092}, supply tubes (3090, 3091) fluidly connected to luer fittings (3095,
3096} respectively, a body (3040}, a shider (3100), and a fluid delivery assembly (3030},
Luer fittings {3095, 3096) may connect to two different sources of fluid, such as leading
bleb (340} fluid and therapeutic fluid (341). Luer fittings {3095, 3096) connect to tubing
lines {3093, 3094) respectively, which terminate into fluid supply guide (3092). While
conventional luer fittings (3095, 3096} arc used in the present example, any other suitable

kind of fittings may be used.

[600114] Fluid supply guide (3092) brings together tubing lines (3093, 3094) into a fixed,
parallel relationship. Supply tubes (3090, 3091} exit fluid supply guide (3092) and enter
body (3040) as will be described in greater detail below. It should be understood that
fluid supply guide (3092) provides a dedicated path for finid communication from tubing
hine (3093) to supply tube (3090); and from tobing line (30%94) to supply tube (3001}
Flind supply guide keeps the path that is associated with tubing line (3093} and supply
fube (3090) isolated from the path that s associated with tubing line (3094) and supply
tabe (3091). The fluid sources that are coupled with luer fittings (3095, 3096) mway be
pressurized cither manually (e.g., sach as with a syringe), or antomatically {e.g., with a
pump}. The operator may then choose which fluid source to pressurize to selectively

pump fluids (340, 341} to corresponding supply tubes {3096, 3091 ).

000115 Fluid delivery asserobly (3030) comprises an outer cannula (3020) and an inner
cannula (3031). Quter cannula (3020) is fixed relative to body (3040). Outer cannula
(3020) is sized and configured fo pass through a trocar port (318} that is inserted into the

eye (301} of a patient. Inner cannula (3031} is longitudinally shidable relative to outer
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cannula {3020} and body (3040}, In particular, inner cannula (3031) is longitudinally

driven by a slider {3100},

{008116] As best scen in FIGS. 15A-168, slider (3100} is shidably coupled with body
(3040). Slider (3100} is capable of translating from a proximal position, as shown in
FIGS. 15A and 16A, to a distal position, as shown in FIGS. 158 and 16B. Translation of
stider (3100} translates inner cannula (3031) relative to body (3040} and relative to outer
cantula (3020} (which is omitted from FIGS. 16A-16B). In some versions, shider (3100}
is opecrable to slide inner cannula (3031) along a longitudinal distance of up to
approximately 10 mum. Alternatively, any other suitable distances may be provided.
Inner cannula (3031} is in fluid communication with both supply tubes (3090, 3091) as

will be described in greater detail below.

[800117] As best seen in FIGS, 16A-16B, body (3040) partially houscs slider (3100) and
completely houses connector member (3200}, As best scen in FIGS. 17 and 19-20, slider
(3100} comprises a proximal annular end (3110), a fluid seal (3115}, and a channcl
(3120) distal to fluid scal (3115). Proximal annular cnd (3110} defines a fluid chamber
(3125). As also best scen in FIGS. 17 and 19-20, connector member (3200) comprises a
fluid chamber (3045), tubc passageways (3215, 3220), and tubc entry passages (3215,

3210} at the proxamal ends of respective tube passageways (3215, 3220).

[000118] As best seen in FIGS. 17-20, supply tubes (3090, 3091} enter proximal opening
(3046} of body (3040), pass through tube passageways (3215, 3220} and tube entry
passages (3215, 3210), and tormunate at fluid chamber (3045) of connector member
(3200).  Tube entry passages (3205, 3210) have a larger inner diameter than tube
passageways (3215, 3220} to facilitate insertion of supply tubes (3030, 3091) during
assembly of instrument (3010). Tube passageways (3215, 3220} arc diroensioned fo
provide an nterference fit with supply tabes (3090, 3091} respectively, such that supply
fubes (3090, 3091) are sceurely retained in tube passageways (3215, 3220).  Of course,
tabe entry passages (3203, 3210), tube passageways {3215, 3220}, and supply tobes

(3090, 3091} may have any other suitable dimensional relationships.  Additionally,
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supply tubes {3090, 3091) may be secured to connector member (3200} in any other

suitable fashion.

1600119} Proximal annular end (3110} of shider (3100} is dimensioned to provide a fluid
tight interference fit with the distal end of connector member (3200}, Connector member
(3200} thus travels fongitudinally with slider (3100} relative to body (3040}, In addition,
proximal annular end (3110) of slider (3100} is dimensioned to leave a gap in thud
chamber {3045} of connector member (3200). Thus, fluid chamber (3125) of shder
(3100} is in fluid communication with fluid chamber (3045) of connector member (3200).
As noted sbove and as best seen in FIGS, 17 and 19-20, supply tube (3091} terminates at
fluid chamber (3045}, such that supply tube (3091) is in fluid communication with fluid

chamber (3125}

[B001206] As best scen in FIGS. 17-18&, the proximal portion of a tubc member {3080} is
coaxially positioned within supply tubc (3090). The proximal end (3085} of tubc
member (3080) contacts the inner sidewall of supply tube (3090) to provide a fixed, fluid
tight seal. Thus, any fluid communicated to supply tube (30%0) will be communicated
through the inner lumen (3081} defined by tube member (3080}, In the present cxample,
tube member (3080} compriscs a polycther block amide material such as PEBAX® (by
Arkema of Colombes, France). However, it should be understood that any other suitable
material(s) may be used {e.g., polyimide, cic.}. Also in the present example, tube
member (3080} has an inner diamcier of approximately 0.0064 inches and an outer
diameter of approximately 0.0079 inches. Again, though, any other suitable dimensions

may be used.

[600121] As best seen in FIGS. 17 and 19-20, tube member (3080) extends past the distal
end of supply tube (3090) and into fhud chamber (3045), where tube member (3080) 1s
coaxially received in a sleeve (3130). Sleeve (3130) extends proximally from fluid seal
(3115} in such a way that the proximal end of sleeve (3130} 1s positioned within fluid
charober (3045) and {luid chamber (3125). Sleeve (3130) s tightly disposed in channel
(3120} of slider (3100} such that sleeve travels longitudinally with shider (3100} relative

to body (30483, Of course, sleeve (3130) may be secured to slider (3108) in any suitable
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fashion. In addition, fluid scal (3115) prevents lignid from passing over the outer

diameter of sleeve (3130} in channel (3120},

1600122} As best seen in FIGS. 19-20, tube member (3080) has an outer diameter that is
sufficiently smaller than the inner diameter of sleeve (3130} such that a gap (3135) is
defined between the outer diameter of tube member (3080) and the inner diameter of
sieeve (3130}, This gap {3135) is sized to provide fluid communication through sleeve
(3130). For instance, when leading bicb (340} fluid is communicated through supply
tube (3091) that leading bleb (340} fluid will enter gap (3133) via fluid chamber (3045)

and will further travel through sleeve (3130).

(600123 it should be understood from the foregoing that supply tube (3091} is in fluid
communication with gap (3135}, vet not in fluid communication with lomen (3081).
Using gap (3135) to comumunicate leading bleb (340} may have an advantage of saving
cross-sectional arca compared to running a sccond inner tube member (3080) within
slceve (3130}, Those skilled in the arts will recognize that gap (3135) dimensions are
dictated by the outer diamcter of tube member (3080) subtracted from the inner diameter
of sleeve (3130). Those skilled in the art will recognize that these dimensions can and
should be adjusted to provide optimal flow based on the desired viscosity and shear

resistance that the fhads can withstand.

1000124} As best scen in FIG. 21, outer cannula (3020) is fixed to and extends distally from
body (3040}, Fixed outer cannula (3020) also houses distal ends of tube member (3080)
and sleeve (3130) in such a manner that tube member (3080) and sleeve (3130) terminate
within outer cannula (3020}, Outer cannula (3020) also houses the proximal end (3032)
of inner cannula (3031}, which is secured to the toner damcter of sleeve (31303, Thus,
when shider (3100} 1s actuated to shide relative to body (3040), sleeve (3130) is also
actuated fo shide relative to body (3040) due to the fact sleeve (3130) is {ixed to shider
(3100}, In turm, mner canmula (3031) s actuated to shide relative to body (3040) due to
the fact inner cannula (3031) s fixed to sleeve (3130). Therefore, inner cannula (3031) is

actuated to slide relative to body (3040} by slider (3100},
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1008125] In the present cxample, inner canmula (3031} is hollow with a dimension of 38
gauge {c.g., an inngr diameter of approximately 0.004 inches and an outer diameter of
approximately 0.005 inches). Alternatively, any other suitable dimensions may be used.
Also in the present example, inner cannula (3031} is formed of polyimide material. This
is because a thermoset of polyimide may be cast/molded in small accurate tube sizes and
the polymer is relatively stiff compared to other polymers to give the tip of inner cannula
(3031) some column strength as nceded to penetrate the rotina (308) and cnter the
subretinal space. Inncr cannula (3031} is adapted to deliver fluid such as leading bleb
(340) and therapeutic agent (341} to the subretinal space as described in greater detail

bhelow.

[600126] As best seen tn FIGS, 21-22, tube member (3080} distally within an intermediate
region of sleeve (3130) in such a way that the open distal cnd of tube member (3080) is
housed within sleeve (3130). In other words, lumen (3081} and gap (3135) meet at the
distal end of tube member (3080} to partially define mutual fluid chamber (3300).
Mutual fluid chamber (3300) is bound by both the portion of sleeve (3130) extending
distally relative to tube member (3080) and the portion of sleeve (3130} extending
proximally relative to the proximal end (30323 of 1oner cannula (3031), Mutual flud
chamber (3300} will fill with either fhud from gap (3135), fhud from lumen (3081}, or

fluid from both depending on which fluid souree is pressurized.

[000137] The proximal end (3032) of inner cannula (3031) s fixed to sleeve (3130) in such
a way {¢.g., by an adhesive) as to provide a {luid seal against the inner dameter of sleeve
(3130}, Inner cannula (3031) defines a lumen (3033) that is 10 Hluid comyounication with
mutual fluid chamber (3300}, To the present example, the distal end of inner cannula
{3031} 1s flush cut, such that the distal edge of inner cannula extends along a plane that is
perpendicular to the longitudinal axis of inner cannula (3031). In other words, the distal
end of inner cannula (3031} is not sharp in the present example. Nevertheless, due to the
small diameter of inner cannula {(3031), the column strength of the material forming inner
cannula (303 1), and the fragility of the retina (308), the distal end of inner cannula (303 1)

is capable of penctrating the retina (308) as described below, despite the blunt
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contfiguration of the distal end of inner cannula (3031}, In some other versions, the distal

end of inner cannula (3031} is sharp or has somc other configuration,

1000128} Inner cannula {3031) is thus capable of passing through the retina (308) to deliver
fluid from ecither supply tube (3090, 3091} to the subretinal space. It should be
understood that, by using sleeve (3130) as a fluid conduit for inner cannula {3031), and
by having sleeve (3130} project distally relative to body (30403}, the length of inner
cannla (3031) may be minimized. Minimizing the length of inner cannula (3031) may
enable inner cannula (3031) to cffectively communicate lecading bleb (340) fluid and
therapeutic agent (341) through a lumen (3033) having a very small inner diameter {c.g.,
approximately 0.004 inches} with minimal pressure requirements and minimal shear
cifects. Minimizing the pressure and shear effects on fluid traveling through lumen
(3033} may prevent sensitive bioactive components of therapeutic agent (341} from being

damaged during transport through lumen (3033).

(000129} An cxemplary method of using instrument {3010} in this fashion is described in
greater detail below. ¥t should also be understood that a variation of instrument (3010)
may also be used in the procedure described above with reference to FIGS, 8A-10C.
Cther suitable ways in which instrument (3010) may be varied and used will be apparent

1o those of ordinary skill in the art in view of the teachings herein.

1000130} VI, Excmplary Mcthod for Delivery of Therapeutic Agent from Trans-Retinal
Approach

000131} FIGS. 23-247 show a method of using instrument {3010} to provide for an
ipsilaterial or transvitreal administration of therapeutic agent (341) to the subretinal space
of a paticnt. While instrument (3010} is used in the depicted version of the method, it
should be understood that instruments (10, 2010) may be modificd to perform the method
shown in FIGS. 23-34] and described below. It should also be understood that
mmstruments (10, 2010) may be readily modified to include at least some of the above
described fluid communication features of instrument (3010), cven if instruments (10,
2010} are only 1o be used o a procedare for subretinal adminisiration of a therapeutic

agent from a suprachoroidal approach as deseribed above with reference to FIGS. 8A-
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10C. For instance, needle (30, 2230} may receive lcading bleb (340} and therapeutic
agent (341} through the same kind of structures through which inner cannula (3031)
reeetves lcading bleb (340) and therapeutic agent (341). Other suitable ways in which the
cachings herein may be interchanged and combined will be apparent to those of ordinary

skill in the art.

{600132] As can be seen in FIG. 23, the procedure beging by an operator immaobilizing
tissuc surrounding a patient’s eye (301} (e.g., the eyelids) using speculum (312}, and/or
any other instrument suitable for immobilization. While immohilization is described
herein with reference to tissue surrounding cve {301), it should be understood that cye
(301} itself may remain free to move. Once the tissue surrounding eye (301) has been
immobilized, an ¢ye chandelier port (314) 1s inserted into eye {301} to provide intraocular
itlumination when the interior of ey (301) is viewed through the pupil. In the present
cxample, eve chandelier port (314} is positioned in the inferior medial gquadrant.
Additionally, a vitrectomy port (317) is inserted into eye (301} to provide access to
perform a standard three port pars plana core vitrectomy. In the present example,
vitrectomy port {317} is positioned in the superior temporal quadrant.  Also, third port
(318) is mserted into eyve (301} to provide access for device to administer therapeuntic
fluid (341) to the subretinal space of eve (301). In the present example, third port (318)
is positioned in the superior medial gquadrant. Various suitable forms that ports (314,
317, 318}y may take will be apparent to those of ordinary skill in the art in view of the

teachings herein,

[000133] As can be seen in FIG. 24A, eve chandehier port {314) is positioned to divect light
onto the interior of eve (314) to illomunate at least a portion of the retina (308) (e.g.,
incloding at least a portion of the macula). As will be understood, such illumination
corresponds to an area of eye (301) that is being targeted for delivery of therapeutic agent
(341},  An optical fiber {313) has been inserted into port (314} to provide the
thumination. A microscope may optionally be utilized to visually inspeet the eve to
confirm proper positioning of eye chandelier port (314) relative to the target site.
Although FIG 24A shows a particular positioning of eye chandelier port {314), it should

be understood that eye chandelier port (314} may have any other positioning as will be
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apparent to those of ordinary skill in the art in view of the teachings herein. Additionally,
a conventional vitrectomy instrument {400) is inserted through vitrectomy port {317) to
perform a conventional three port pars plana core vitrectomy procedure.  After
completion of a conventional three port pars plana core vitrectomy procedure, vitrectomy

instrument (400} is removed.

16003134} After or before the conventional three port pars plana core vitrectomy procedure
is completed, instrument (3010) may be prepared for subretinal administration of
therapeutic fluid (341). By way of cxample only, the preparation of instrument (3010)
may include coupling luer fitting (3095) with a source of therapeutic fluid (341) and
coupling luer fitting (3096} with a source leading bleb (340) fluid. Next, the fluid
sources may be pressurized to prime the fluid communicating components leading up to
and including lumen (3033} of inncr cannula (3031) until a drop of leading bleb fluid
(340) or therapeutic fluid (341) exits the distal end of inner cannula (3031). In some
imstances, the source of therapeutic fluid (341) is pressurized first, followed by
pressurization of the source of leading bleb (340) fluid. In some other instances, the
source of leading bleb (340) fluid s pressurized first, followed by pressurization of the
source of therapeutic fhuid (341).  In some other instances, both fluid sources are
pressurized at sobstantially the same time. It should also be understood that, n some
instances, an air gap may be provided between leading bleb (340) and therapeutic fluid
(341} to prevent therapeutic fhuid (3413 from mixing with leading bleb {340). Various
suitable ways in which instrument (3010} may be primed with leading bleb (340} fluid,
therapeutic fhuid (341}, and/or an intentional air gap will be apparent to those of ordinary

skill in the art in view of the teachings herein.

1800335] After instrument (3010} has been primed, outer cannula (3020} s inseried into
third port (318} as shown in FIG. 24B. When outer cannula (3020} is inserted into third
port (318}, slider (3100} 1s in a proximal position as shown in FIGS. 15A and 164,
thereby ensuring that the distal end of inner cannula (3031) s positioned within the
interior of outer cannulda (3020). OCuter cannula (3020) 15 inserted to the point where the

distal end of outer cannula (3020) is positioned adjacent to the interior of retina (30K},
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{008136] Onee the distal end of outer cannula (3020) is positioned adjacent to interior of
retina {30&), shider (3100} is slid distally such that the distal end of inner cannula (3031)
is exposed from the distal end of fixed outer cannula (3020). Inncr cannula (3031) thus

picrees the retina {308) to define a subretinal entry point (339} as shown in FIG. 24C.

1600137} Once the distal end of inner cannula (3031} is positioned at a first location in the
subretinal space via the subretinal entry point (339}, the fhuid source of feading bleb (430)
fluid is pressurized. This pressurization drives the fluid through lumen (3033) of inner
cannula (3031) to form leading blcb (340} within the subretinal space, between the retina

(308) and the choroid (306), as shown in FI1G. 24D,

{B00138] Once leading bleb (340) is formed at the first location in the subretinal space,
inner cannula (3031) s advanced further distally via actuation of slider {3100) so that
inner cannula (3031) is advanced in an inferior direction along the coronal planc and in a
posterior direction along the sagittal plane as shown in FIGS, 24E-24F. In particular,
inner cannula {3031} first travels between leading bieh (340} and the choroid (306) (FIG.
24E} and then past leading blch (340) into the space between the reting (308} and the
choroid (306} (FIG. 24F). This advancement of inner cannula (3031} thus defines a

pathway (342) between the retina (308) and the choroid (306},

{600139] Once inner cannula (3031) reaches a sccond location in the subretinal space at the
end of pathway (342}, therapeutic agent (341) is injected in the subretinal arca by
pressurizing the fluid source of therapeutic agent (341} to drive therapeutic agent (341)

distally out through tumen (3033) of inner cannula (3031} as shown in FIG. 24F.

000140 Once the proper amount of therapeutic fluid (341) has been delivered to the
sccond location, slider (3100} is retracted proximally, thereby retracting inner cannula
{3031} back to the first location as shown in FIG 24G. While inner cannula (3031} is
being retracted from pathway (342), the leading bleb (340) fluid may again be
pressurized to release leading bleb (340} fhuid within pathway (342) to help seal in

therapeutic fluid (341} at the second location.
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1008141} Once inner cannulfa (3031} has been retracted from pathway (342} as shown in
FIG. 240G, negative pressure may be induced through cither supply tube (3090, 3091)
within inner cannula (3031} to aspiratc leading bleb (340) as shown in FIG. 24H.
Optionally, negative pressure may be induced to aspirate lcading bleb (340} through other
known means in the art, such as with a separate flextip inserter {MedOne). The separate
flextip inserter or other conventional instrument may be inserted after removing
instrument {3010} from the eye (301). In addition fo or in licu of aspirating leading blch
(3403, air or other fluid may be used to cffectively tamponade the bich (340} in the

subretinal space.

(000142} After lcading bleb (340) has been aspirated or tamponaded, instroment (3010) is
removed from third port (318) as shown in FIG.241. Thereafter, as shown in FIG. 241, a
laser retinopexy tool (500} is then inserted into third port (318) and is used to seal the
subretinal entry point (339}, Aliernatively, any other suitable instruments or techniques

may be used to seal the subretinal entry point (339).

000143 It should be understood from the foregoing that instrument (3010) may be used to
deliver two different kinds of fluids {c.g., lcading bleb {340} fluid and therapcutic agent
(341}) to the subretinal space without having to withdraw inner cannula (3031) from the
subretinal space between the act of delivering the first fhud {e.g., leading bleb (340)

fluid) and the second fhuid {e.g., therapeutic agent (341}).
(000144} VII.  Exemplary Combinations

1000145} The following examples relate to various non-exhaustive ways in which the
tcachings herein may be combined or applied. It should be understood that the following
cxamples arc not intended to restrict the coverage of any claims that may be presented at
any time in this application or in subscquent filings of this application. No disclaimer is
mntended. The following examples are being provided for nothing more than merely
ithustrative purposes. It is coniferoplated that the various teachings hercin may be
arranged and applied in numerous other ways. It 18 also contemplaied that some
variations may omit certain features referred to in the below examples. Therefore, none

of the aspects or features referred to below should be deemed critical unless otherwise

3
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explicitly indicated as such at a later date by the inventors or by a successor in interest o
the inventors, I any claims are presented in this application or in subsequent filings
related to this application that include additional featurcs beyond those referred to below,
those additional features shall not be presumed to have been added for any reason relating

to patentability.
{600G146] Example |

{08147 An apparatus, comprising: {aja first fluid conduit; (b} a second fluid conduit; {¢) a
connector member, wherein the connector meomber comprises: {1} a first passageway,
wherein a portion of the first fluid conduit is positioned in the first passageway, and (it) a
second passageway, wherein a portion of the second conduit is positioned in the second
passageway; {d) a first tubular member, wherein the first tubular member defines a first
tubular member lumen; (¢} a second tubular member, wherein at least a portion of the
sccond tubular member is positioned within the first tubular member lumen, wherein the
second tubular member defines a second tubular member lumen; and (f) an inner cannula,
wherein a proximal portion of the inner cannula is fixedly secured within the first tubular
member lumen, wherein the inner cannula defines an inner cannula lumen, wherein the
inner cannula lumen is in fluid communication with the first and second fluid conduits

via the first tubular member lumen and the second tubular member lumen.
[000148] Example 2

[060149] The apparatus of Example 1, further comprising a body, wherein the first and
second fluid conduits extend proximally from the body, wherein the inner cannula

extends distally relative to the body.
1800150] Example 3

1608151 The apparatus of Exampic 2, wherein the inner cannula is operable to translate

longitudinally relative to the body
{606152] Example 4

1868153} The apparatus of Example 3, wherein the first tubular member and the second
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mubular member are fixedly secured relative to the inner canmula such that the fivst tubular
member and the second tubular member are operable to translate with the inner cannula

relative to the body.

{606154] Example §

2

800155} The apparatus of Example 3 or Example 4, further comprising a slider coupled
with the inner cannula, wherein the slider is shidable relative to the body to thercby

translate the inner cannula longitudinally relative to the body.

[000156]  Example 6

800187} The apparatus of any one of Examples 2 through 5, further comprising an outer
cannula, wherein the outer cannula s fixedly secured to the body, wherein the outer
cannula cxtends distally from the body, wherein a portion of the outer canmnla is

positioned about a portion of the first tubular member.
[808158] Example 7

{600159] The apparatus of any of the preceding Exaraples, wherein a proximal portion of
the second tubular member i3 positioned within a distal portion of the first fhud conduit
such that the second tubular member lumen is in fluid communication with the first fluid

conduit,

{6001 60} Example 8

1000161} The apparatus of Example 7, wherein the proximal portion of the second tubular

merber is fixedly secured to the first fluid conduit.
[800162] Example 9

10800163} The apparatus of Example 8, wherein a distal portion of the second tubular

member terminates in an intermediate region of the first tubular member.

1800164} Example 10



WO 2015/187611 PCT/US2015/033657

{00301 65] The apparatus of any of the preceding Examples, wherein the second tubular
member and the first tubular member are sized to define a gap between an outer diameter
of the second tubular member and an inner diameter of the first tubular member, wherein

the gap 1s in fluid communication with the second fluid conduit.

000166} Example 11

1608167] The apparatus of Example 10, wherein a distal portion of the second tubular
member terminates in an intermediate region of the first tubular member such that the
first tubular member lumen at the intermediate region is configured to receive both of! (i)
fluid from the first fluid conduit via the second tubular member lumen, and (it) tluid from

the second thuid conduit via the gap.
000168] Example 12

[600169] The apparatus of any of the preceding Examples, wherein the second tubular
member has a distal end positioned in an intermediate region of the first tubular member,
wherein the inner cannula has a proximal end positioned in the intermediate region of the
first tubular member, wherein the proximal end of the inner canmula is spaced distally

from the distal end of the second tubular member.
{B00170] Example 13

600171} The apparatus of any of the preceding Examples, wherein the first tubular
member, the second tubular member, and the inner cannula are all coaxially aligned with

each other.

1800172} Example 14

[600173] The apparatus of any of the preceding Examples, wherein the inner cannula is

flexible,

(800174} Example 15

[000175] The apparatus of any of the preceding Examples, wherein the inner cannula
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comprises polyether block amide or polyimide.
{60G176] Example 16

1800177} An apparatus, comprising: {a} a first fluid conduit extending along a first axis; (b)
a second fluid conduit extending along a second axis, wherein the second axis is offset
from the first axis; {c} a first clongate member extending along the first axis, whercin the
first fluid clongate member has a distal ond, a proximal end, and an outer surface,
wherein the first clongate member defines a first lumen, wherein the proximal end of the
first elongate member is positioned in the first fluid conduit such that the first lumen is in
fluid communication with the first fluid conduit; (d} a second clongate member extending
along the first axis, wherein the second clongate member defines second lumen bounded
by an inner surface, whercin the distal end of the first clongate member is positioned
within the second lumen, wherein the outer surface of the first clongate member and the
inner surface of the second clongate member together define a gap in fluid
communication with the sccond fluid conduit; and {¢) a third clongatc member extending
along the first axis, wherein the third clongate member has a proximal cnd positioned
within the sccond clongate member, wherein the third clongate member defines a third
tumen, wherein the proximal end of the third clongate member is positioned in the sccond
himen at a location distal to the distal end of the second elongate member, wherein the
third lumen is in fuid communication with the fivst and second Huid conduits via the first

humen and via the gap, respectively.,
[800178] Example 17

(000179} A method of dehivering s therapeutic agent in an cye of a patient, wherein the eye
has a vitreous body, a retina, a subretinal region, the method comprising the steps of: (a)
inserting a port in the eye; (b) inscrting a portion of an instrument through the port and
into the vitreous body of the eve; (¢) advancing an inner cannula mewmber of the
mmstruroent through the retina of the eve to position a distal tip of the wner cannula
mernber at a first location in the subretinal region of the eve; (d) communicating a first
fluid to the first location in the subretinal region of the eye via the inner cannula member;

(¢} advancing the inner cannula member further distally to position the distal tip at a
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second location in the subretinal region of the eye; and (£} communicating a second fluid
to the second location in the subretinal region of the eye via the inner cannula member;
wherein the act of communicating the first fluid to the first location in the subretinal
region of the eye and the act of communicating the second fluid to the second location in
the subretinal region of the cye are performed without removing the inner canmula from
the subretinal region between the act of communicating the first fluid to the first location
in the subretinal region of the cye and the act of communicating the second fluid to the

second location in the subretinal region.
1000180} Example 18

{B00181] The method of Exampic 17, wherein the first fluid comprises a biologically nert

bleb fhud.
{60G182] Example 19

{B00183] The method of Example 1€, wherein the second fluid comprises a biologically

active therapeutic agent.
[800184] Example 20

{B00185] The method of Example 17, I8, or 19, further comprising aspirating at least a
portion of the first fhud from the first location in the subretinal region after

commumicating the second fhuid to the second location in the subretinal region.
{00186] VI Miscellaneous

[B001I8T] It should be understood that any of the versions of the instruments described
hercin may mclude various other features i addition to or in leu of those described
above. By way of example only, any of the devices herein may also inclade one or more
of the various features disclosed in any of the various references that are incorporated by

reference herein.

{B0018E] it should be understood that any one or more of the teachings, expressions,

embodiments, examples, ¢tc. deseribed herein may be combined with any one or more of
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the other teachings, cxpressions, embodiments, examples, ete. that are described herein.
The above-described teachings, expressions, embodiments, examples, e¢tc. should
therefore not be viewed in isolation relative to cach other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herein. Such modifications and variations arc

intended to be included within the scope of the claims.

{000189] It should be appreciated that any patent, publication, or other disclosure material,
in whole or in part, that is said to be incorporated by reference herein is incorporated
hercin only to the extent that the incorporated material does not conflict with existing
definitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth hercin supersedes any
conflicting material incorporated herein by reference. Any material, or portion thercof,
that 1s said to be incorporated by reference herein, but which conflicts with existing
definitions, staterments, or other disclosure material set forth bherein will only be
imcorporaied to the extent that no conflict arises between that incorporated material and

the existing disclosure material.

000190 Versions described above may be designed to be disposed of after a single use, or
they can be designed to be used multiple times. Versions may, in either or both cases, be
reconditioned for reuse after at least one use.  Reconditioning may include any
combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pieces, and subsequent reassembly.  In particular, some
versions of the device may be disassembled, and any number of the particnlar picces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent use cither at a reconditioning facility, or by an operator
immediately prior to a procedure. Those skilled in the art will appreciate that
reconditioning of a device may utilize a variety of technigques for disassembly,
clecaning/replacement, and reassembly.  Use of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.
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1600191} By way of cxample only, versions deseribed herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device is placed in a closed
and scaled container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penctrate the container, such as gamma
radiation, x-rays, or high-cnergy clectrons. The radiation may kill bacteria on the device
and in the container. The sterilized device may then be stored in the sterile container for
later usc. A device may also be sterilized using any other technigue known in the art,

including but not limited to beta or gamma radiation, cthylene oxide, or stcam,

[60G192] Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described hercin may be accomplished by
appropriate modifications by onc of ordinary skill in the art without departing from the
scope of the present invention. Scveral of such potential maodifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
exammples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are illustrative and are not required.  Accordingly, the scope of the
present invention should be considered in terms of the following claims and is understood
not to be Hmited to the details of structure and operation shown and described in the

specification and drawings.
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Y'We claim:

I An apparatus, comprising:

{a) a first fluid conduit;

{b) a sccond fluid conduit;

() a conncctor member, wherein the connector member corprises:

(i) g first passageway, wherein a portion of the first fluid conduit is
positioned in the first passageway, and

(it} g sccond passageway, wherein a portion of the second conduit is
positioned in the second passageway;

{d) a first tobular member, wherein the first tubular oember defines a first
tobolar member lumen;

() a second tubular member, wherein at least a portion of the second tubular
meraber 15 positioned within the first tubular member huroen, wherein the
second tubular member defines a second tubular member lumen; and

(H an inner cannula, wherein a proximal portion of the imner cannula is
fixedly secured within the first tubular member lumen, wherein the inner
cannula defines an imner canrula lnmen, wherein the inner cannula lumen
is in fluid communication with the first and second fluid condwits via the

first tubular member lumen and the second tubular member lumen.

2. The apparatus of claim 1, further comprising a body, wherein the first and sccond
fluid conduits extend proximally from the body, whercin the inner cannula extends distally

relative to the body.

3. The apparatus of claim 2, wherein the inner cannula is operable to translate
iongitudinally relative to the body.
4. The apparatus of claim 3, wherein the first tubular member and the sceond tubular

member are fixedly secured relative to the mnner cannula such that the first tubular member and

the second tubular member are operable to translate with the inner cannula relative to the body.

N
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5. The apparatus of claim 3, further comprising a slider coupled with the inner
cannula, whercin the slider is shidable relative to the body to thereby translate the inner cannula

iongitudinally relative to the body.

6. The apparatus of claim 2, further comprising an outer cannula, wherein the outer
cannula is fixedly secured to the body, wherein the outer cannula extends distally from the body,

wherein a portion of the outer cannula is positioned about a portion of the first tubular member.

~J

The apparatus of claimn 1, wherein a proxamal portion of the second tubular
member is positioned within a distal portion of the first fluid conduit such that the second tubular
member lumen is in fluid communication with the first fluid conduit.

8. The apparatus of claim 7, wherein the proximal portion of the second tubular

member s fixedly secured to the first fluid conduit.

9. The apparatns of claim 8, wherein a distal portion of the second tubular member

terminates in an intermediate region of the first tubular member.

10.  The apparatus of claim 1, wherein the second tobular member and the first tubular
member are sized to define a gap between an outer diameter of the second tubular member and
an inner diameter of the first tubular member, wherein the gap is in fluid communication with the

second fhiid conduit.

11, The apparatus of claim 10, wherein a distal portion of the second tubular member
terminates in an intermediate region of the first tubular member such that the first tubular
member fumen at the intermediate region is configured to receive both of:

{1} fluid from the first fluid conduit via the sccond mbular member
lumen, and

(it} fluid from the sccond fluid conduit via the gap.
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2. The apparatus of claim 1, whercin the sccond tubular member has a distal end

positioned in an intermediate region of the first tubular member, wherein the inner cannula has a

proximal c¢nd positioned in the intermediate region of the first tubular member, wherein the

proximal end of the inner cannula 18 spaced distally from the distal end of the second tubular

member.

i3, The apparatus of claim 1, wherein the first tubular member, the second tubular

member, and the inner cannula are all coaxially aligned with each other.

t4. The apparatus of claim |, wherein the inner cannula is flexible.

tS. The apparatus of claim I, wherein the inner cannula comprises polyether block

aroide or polyimide.

[6.  An apparatus, comprising:

{a)
{b)

{c)

(d)

a first fhuid conduit extending along a first axis;

a second fluid conduit extending along a sccond axis, wherein the second
axis is offset from the first axis;

a first elongate member extending along the first axis, wherein the first
fluid clongate member has a distal end, a proximal end, and an outer
surface, wherein the first ¢longate member defines a first humen, wherein
the proximal end of the first elongate member is positioned in the first
fluid conduit such that the first lumen is in fluid communication with the
first fluid conduit;

a second clongate member extending along the first axis, wherein the
sccond elongate member defines sccond lumen bounded by an inner
surface, whercin the distal end of the first clongate member is positioned
within the second lumen, wherein the outer surface of the first clongate
member and the inner surface of the second clongate member together
define a gap in fluid communication with the second fluid conduit; and

a third clongate member extending along the first axis, wherein the third

N
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clongatc member has a proximal ond positioned within the sccond
clongate member, wherein the third elongate member defines a third
lumen, whercin the proximal end of the third clongatc member is
positioned in the second lumen at a location distal to the distal end of the
second elongate member, wherein the third lumen s in fluid
communication with the first and second fhuid conduits via the first lumen

and via the gap, respectively.

17. A method of delivering a therapeutic agent in an eye of a paticnt, wherein the cye

has a vitreous body, a retina, a subretinal region, the method comprising the steps off

{a)

(d)

{e)

(H)

inserting a port in the eve;

inserting a portion of an instrument through the port and into the vitreous
body of the eye;

advancing an inner cannula member of the instrument through the retina
of the eye to position a distal fip of the wner canmula member at a first
location in the subretinal region of the eye;

communicating a first fluid to the first location in the subretinal region of
the eye via the inner cannula member;

advancing the inner cannpla member further distally to position the distal
tip at a second location in the subretinal region of the eye; and
communicating a second fhud to the second location in the subretinal

region of the eye via the inner cannula member;

wherein the act of communicating the first fluid to the first location in the

subretinal region of the cye and the act of communicating the second fluid
to the second location in the subretinal region of the eye are performed
without removing the inner canmula from the subretinal region between the
act of communicating the first fhuid to the first location in the subretinal
region of the eve and the act of communicating the second fluid to the

sceond location in the subretinal region,
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I8, The method of ¢claim 17, wherein the first fluid compriscs a biologically inert bieh

fluid.

19. The method of claim 1R, wherein the second fluid comprises a biologically active

therapeutic agent.
20, The method of claim 17, further coraprising aspirating at lcast a portion of the

first fluid from the first location in the subretinal region after communicating the sceond fluid to

the seecond location in the subretinal region.
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