wo 2016/203480 A1 [N I N0F V00 0000 OO O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/203480 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Filing Date:
17 June 2016 (17.06.2016)

Filing Language: English
Publication Language: English
Priority Data:

239548 18 June 2015 (18.06.2015) IL

Applicant: E.K.-D.D.S. LTD [IL/IL]; Moshav Bet Herut
1/A, 40291 D. N. Kfar Vitkin (IL).

Inventor: BEN NUN, Joshua; Moshav Bet Herut 1/A,
40291 D. N. Kfar Vitkin (IL).

Agent: KAY, Simon; P.O.Box 2817, Kadima Tzoran
60920 (IL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

22 December 2016 (22.12.2016) WIPO | PCT
International Patent Classification:
A61F 2/14 (2006.01)
International Application Number:
PCT/IL2016/050641

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

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

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: INSERTION APPARATUS FOR USE WITH TISSUE HOLDING FIXTURE

FIG.Z

(57) Abstract: Insertion apparatus (100)

for use with a tissue holding fixture (10)
- having a leading resiliently flexible un-
flexed flat fixation ring (11) holding a
Descemet's membrane implant (12). The
insertion apparatus includes a shape
memory housing (101) bounding a shape
memory housing lumen (103) in an un-
flexed closed configuration and having an
opposite pair of wing-like finger grips
(121). Initial manual compression force to
urge the opposite pair of wing-like finger
grips towards one another flexes the shape
memory housing into a flexed near-flat
open configuration for enabling placement
of the unflexed flat fixation ring therein.
Subsequent release of the compression
force enables the shape memory housing to
revert to its unflexed closed configuration
for curling the fixation ring inside the
shape memory housing.
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INSERTION APPARATUS FOR USE WITH TISSUE HOLDING FIXTURE

Field of the Invention
This invention relates to ophthalmic medical devices in general and in
particular to ophthalmic medical devices for assisting in insertion of ophthalmic

tools through a corneal or corneo-scleral incision.

Background of the Invention

The cornea is a protective dome-shaped layer of clear tissue covering the
front of the eye. The innermost layer of the cornea consists of non-replicating
single cells layer known as endothelial cells. In normal healthy membranes, there
is a cell density of between about 1500 and 2500 cells per mm’. Once the
population of endothelial cells decreases below a critical number that is about 600
cells per mm’, the cornea loses its optical qualities and becomes edematous. This
condition is known as corneal edema.

In corneal edema, the cornea becomes overly hydrated with accumulated
fluid. Corneal edema may result in deteriorated vision. If such corneal edema
becomes severe, blisters can appear on the cornea. Corneal edema is a result of a
lack of viable cells in the corneal endothelium. In such cases, surgery may be
needed to treat corneal edema. In one technique, the cornea is replaced with a
transplanted full thickness cornea.

The purpose of a surgical transplant is to replace a section of the corneal
endothelium lacking sufficient healthy cells with a section of donor endothelium
having a higher density of healthy cells. The full thickness graft of a damaged
cornea has been the treatment for corneal edema for many years. However, this
approach has some disadvantages including a high degree of post-operative
astigmatism, a lack of predictable refractive outcome, and disturbance to the

ocular surface.
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Recently, the surgical trend has shifted towards removal of only a thin
layer of tissue from a diseased eye and replacing it with corresponding donor
tissue from a fresh human cadaver eye. The implanted tissue consists of a layer
attached to the posterior corneal stroma (the Descemet's membrane) that carries
on its surface a monolayer of the endothelial cells known as DMEK. If the
implantable tissue consists also a layer of corneal stroma, the procedure is called
Descemet Stripping Automated Endothelial Keratoplasty (DSAEK). Both DMEK
and DSAEK have dramatically improved the optical outcome of corneal
implantation and decreased the rate of transplant rejection. However, during
surgical implantation in a recipient eye, endothelial cell damage is massive and it
has been documented in various clinical studies that surgical related damage
induces 30%-40% endothelial cell death in the first year.

To minimize surgical related corneal astigmatism, a surgical incision made
in a patient's cornea for removing his Descemet’s membrane and for inserting a
donor Descemet’s membrane, is preferably as short as possible typically about 5
mm long. To keep the incision short, the diseased Descemet's membrane must be
folded to remove it through the short incision. Similarly, the replacement
Descemet's membrane must be folded to introduce it through the incision.
Manipulating the folded donor Descemet's membrane inside a recipient eye to its
unfolded shape attached to the inner corneal surface is a highly skilled task,
requiring highly skilled eye surgeons, making the surgical procedure time
consuming and limited to a small group of specialists.

In  commonly assigned PCT International  Application No.
PCT/IL2013/050773 published under PCT International Publication No. WO
2014/049591 and PCT International Application No. PCT/IL2015/050049
published under PCT International Application No. WO 2015/111040,
incorporated herein by reference, a dedicated apparatus and associated method for
sectioning a Descemet's membrane, storing it and manipulating it during a

surgical implantation into an eye via a truncated conical inserter is described.
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A thin circular implantable tissue that is about 8.0 mm in diameter is
attached around its outer edge to a circumferential supporting flat ring of
approximately 9.0mm in total diameter that supports the thin tissue and prevents it
from folding in on itself and damaging the endothelial cells on that tissue. To
enable the insertion of the tissue with its supporting ring into the eye via a short
corneal incision, the conical inserter is used. The flat ring is inserted in the wide
mouth of the conical inserter which has an inner diameter of about 9.0 mm. As
the flat ring is pushed through the conical inserter, it gradually curls along its
insertion axis and doubles over so that it exits the narrow round side which is
around 4.0mm in diameter as a cylinder with 4 mm diameter that may then be

inserted into the eye via corneal incision of about 5.0 mm long.

Summary of the Invention

The present invention relates to an improved insertion apparatus for use
with a tissue holding fixture for assisting in insertion of the tissue holding fixture
through a corneal or corneo-scleral incision into an eye. The tissue holding
fixture has a leading about 9mm diameter resiliently flexible unflexed flat fixation
ring with a Descemet’s membrane implant.

The insertion apparatus includes a shape memory housing bounding a
shape memory housing lumen in an unflexed closed configuration and having an
opposite pair of wing-like finger grips. Initial manual compression force to urge
the opposite pair of wing-like finger grips towards one another flexes the shape
memory housing into a flexed near-flat open configuration for enabling placement
of the unflexed flat fixation ring therein. Subsequent release of the compression
force enables the shape memory housing to revert to its unflexed closed
configuration for curling the fixation ring inside the shape memory housing.

The insertion apparatus is designed such that its shape memory housing is
shaped and dimensioned for insertion through an about Smm long corneal or

corneo-scleral incision in its unflexed closed configuration and can be urged into a
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flexed near-flat open configuration having a sufficiently wide span to receive an
about 9mm unflexed fixation ring with a Descemet’s membrane implant. By way
of example, a tube with a 3 mm diameter has a 37 mm perimeter corresponding to
a shape memory housing in its unflexed closed configuration and its flexed near-

flat open configuration.

Brief Description of Drawings

In order to understand the invention and to see how it can be carried out in
practice, various embodiments will now be described, by way of non-limiting
examples only, with reference to the accompanying drawings in which similar
parts are likewise numbered, and in which:

Fig. 1 is a front perspective view of a tissue holding fixture as shown in
commonly assigned PCT International Application No. PCT/IL2015/050049
published under PCT International Publication No. WO 2015/111040 Figure 3g;

Fig. 2 is a front perspective view of a first embodiment of an insertion
apparatus in accordance with the present invention in an unflexed closed
configuration;

Fig. 3 is a transverse cross section of the insertion apparatus in its unflexed
closed configuration along line A-A in Figure 2;

Fig. 4 is a front perspective view of the insertion apparatus in a flexed near-
flat open configuration;

Fig. 5 is a transverse cross section of the insertion apparatus in its flexed
near-flat open configuration along line C-C in Figure 4;

Fig. 6 is a transverse cross section of the insertion apparatus in its unflexed
closed configuration along line A-A in Figure 2 accommodating a curled tissue
holding fixture;

Fig. 7 is a longitudinal cross section of the insertion apparatus in its
unflexed closed configuration along line B-B in Figure 2 accommodating a curled

tissue holding fixture;
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Fig. 8 is a transverse cross section of a second embodiment of an insertion
apparatus in accordance with the present invention; and
Fig. 9 is a front perspective view of a third embodiment of an insertion

apparatus in accordance with the present invention.

Detailed Description of Drawings

Figure 1 shows a tissue holding fixture 10 as disclosed in commonly
assigned PCT International Application No. PCT/IL2015/050049 published under
PCT International Publication No. WO 2015/111040 and in Figure 3g in
particular. The tissue holding fixture 10 has a leading resiliently flexible unflexed
flat fixation ring 11 holding a Descemet’s membrane implant 12 and a trailing pair
of elongated electrodes 13. The fixation ring 11 is formed from electrical and
thermal insulating material, for example, silicon, and the like. The fixation ring
11 is mounted on a near circular electrode 14 denoted by dashed lines in a similar
manner to a car tire. The near circular electrode 14 is in electrical connection with
the trailing pair of electrodes 13. The fixation ring 11 has a diameter D of about
9mm.

Figures 2 to 7 show an insertion apparatus 100 for use with the tissue
holding fixture 10. The insertion apparatus 100 includes a resiliently flexible
shape memory housing 101 having a longitudinal shape memory housing
centerline 102 and bounding a shape memory housing lumen 103 in an unflexed
closed configuration. The shape memory housing 101 is formed from suitable
bio-compatible shape memory materials including metals, polymer material, and
the like. The shape memory housing lumen 103 preferably has a uniform cross
section along the longitudinal shape memory housing centerline 102. The cross
section can be circular, elliptical, oval, and the like. The shape memory housing
101 has a similar length as the fixation ring’s diameter D.

The shape memory housing 101 includes a thin walled beveled leading tip

104 for insertion through a corneal or sclero-corneal incision. The shape memory
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housing 101 includes a stepped outer surface 106 having a small cross section
leading section 107, an intermediate shoulder 108 and a large cross section trailing
section 109. The intermediate shoulder 108 limits insertion of the shaped memory
housing 101 through a corneal or corneo-scleral incision. The intermediate
shoulder 108 also acts to seal a corneal or corneo-scleral incision to prevent
leakage therefrom. The stepped outer surface 106 is preferably formed by the
large cross section trailing section 109 having a thicker wall than the small cross
section leading section 107.

The shape memory housing 101 is constituted from three integral formed
parts as follows: a central panel 111 and an opposite pair of lateral curved walls
112 meeting the central support 111 at longitudinally directed fold lines 113. The
central panel 111 extends beyond the opposite pair of lateral curved walls 112 as a
position rod 114 having an extension rod free end 116. The opposite pair of
lateral curved walls 112 terminate at longitudinal directed rim extensions 117
inwardly directed towards the central panel 111. The opposite pair of lateral
curved walls 112 meet the rim extensions 117 at longitudinal directed junctures
118. The rim extensions 117 abut in the unflexed closed configuration to define a
longitudinal directed slit 119 opposite the central panel 111.

The opposite pair of curved walls 112 has an opposite pair of wing-like
finger grips 121 on opposite sides with respect to the longitudinal shape memory
housing centerline 102 and equidistanced from the longitudinal slit 119. The
wing-like finger grips 121 are preferably an integral part of the shape memory
housing 101 but in other embodiments, a separate component can be tightly
attached to a shape memory housing 101. The wing-like finger grips 121 are
shaped and dimensioned such that a clinical practitioner can readily apply a
manual compression force denoted A typically between his thumb and forefinger
to urge the wing-like finger grips 121 towards one another such that the shape

memory housing 101 assumes a flexed near-flat open configuration.
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The manual compression force flexes the opposite pair of lateral curved
walls 112 at the longitudinally directed fold lines 113 and substantially flattens the
curved walls 112 so as to be near co-planar with the central panel 111 such that
the flexed shape memory housing 101 assumes a downward facing concave shape
in a front elevation view along the shape memory housing centerline 102 with the
central panel 111 being above the previous longitudinal slit 119. The shape
memory housing 101 has a span S between the longitudinal directed rim
extensions 117 slightly greater than the fixation ring’s diameter D. The wing-like
finger grips 121 are shaped and dimensioned such that they abut in the flexed
near-flat open configuration to prevent over flexing of the shape memory housing
101 from its intended near-flat open configuration.

The position rod free end 116 is intended for positioning in a device for
holding the tissue holding fixture 10. The length of the position rod 114 is set
such that the shape memory housing 101 is accurately positioned over the fixation
ring 11 on inserting the tissue holding fixture 10 and the insertion apparatus 100
into the device.

The use of the insertion apparatus 100 is as follows:

A clinical practitioner inserts the tissue holding fixture 10 into a device
employed for transplanting its Descemet’s membrane implant 12 into a recipient
eye. The clinical practitioner holds the insertion apparatus 100 and applies a
manual compression force to flex the insertion apparatus 100 into its maximum
flexed near-flat open configuration as stopped by the wing-like finger grips 121.
The clinical practitioner inserts the position rod free end 116 into the device with
open shape memory housing 101 over the leading unflexed flat fixation ring 11.

The clinical practitioner ensures opposite sides of the unflexed flat fixation
ring 11 are deployed at the longitudinal directed junctures 118 and begins to
slowly release his manual compression force such that the shape memory housing
101 begins to revert to its unflexed closed configuration. The slow release of the

manual compression force traps the opposite sides of the fixation ring 11 at the



10

15

20

25

WO 2016/203480 PCT/IL2016/050641

junctures 118 and causes the gradual curling of the fixation ring 11 inside the
shape memory housing 101 around the shape memory housing centerline 102 to
conform to the shape memory housing lumen 103 such that the fixation ring 111
is effectively folded along its diameter extending between the pair of electrodes
13.

The clinical practitioner deploys the device to urge the insertion apparatus
100 together with the tissue holding fixture 10 to through a pre-formed incision
until insertion is limited by the intermediate shoulder 108 and the incision is
sealed. Once insertion and leak blockage are achieved, the positioning rod free
end 116 is bent away from the device while continuously maintaining forward
pressure sufficient to keep the intermediate shoulder 108 sealing the corneal
incision by means of a hand held pincer. Once the positioning rod free end 116 is
bent away, the clinical practitioner can slide the tissue holding fixture 10 forward
through the insertion apparatus 100 such that the fixation ring 11 is deployed in
the recipient eye. The fixation ring 11 uncurls to its unflexed flat state and the
clinical practitioner injects air into the recipient eye to force tissue attachment to
the cornea and then actuates the device to release the Descemet’s membrane
implant 12 in the recipient eye. Once the Descemet’s membrane implant 12 is
released from the fixation ring 11, the fixation ring 11 is retracted into the
insertion apparatus 100 and both the insertion apparatus 100 and the fixation ring
11 are withdrawn from the incision.

Figure 8 shows an insertion apparatus 200 similar in construction and use
as the insertion apparatus 100. The latter 200 differs from the former 100 insofar
as the latter includes an additional spring-like element 201 for supplementing the
inherent ability of the shape memory housing 101 to revert to its unflexed closed
configuration. In one embodiment, the spring-like element 201 is molded into the
body of the shape memory housing 101 to secure its position. In another preferred
embodiment a spring-like element 201 can be attached to the outer surface of the

shape memory housing 101 to securely attach the spring like element 201 in
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position when the insertion apparatus 200 is forced to assume a flexed near flat
open configuration. The spring-like element 201 can be formed from nitinol, and
the like.

Figure 9 shows an insertion apparatus 300 similar in construction and use
as the insertion apparatus 100. The latter 300 differs from the former 100 insofar
as the latter 300 includes a sealing member 301 mounted on the intermediate
shoulder 108. The sealing member 301 is formed from suitable bio-compatible
materials, for example, silicon, rubber, and the like. The sealing member 301
assists limiting insertion of the insertion apparatus 300 through a corneal or

cornea-scleral incision.

While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications, and other
applications of the invention can be made within the scope of the appended

claims.
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Claims:
1. An insertion apparatus for use with a tissue holding fixture for insertion
through a corneal or corneo-scleral incision, the tissue holding fixture having a
leading resiliently flexible unflexed flat fixation ring holding a Descemet’s
membrane implant, the insertion apparatus comprising:
(a)  a resiliently flexible shape memory housing having a longitudinal shape
memory housing centerline, said shape memory housing having an opposite pair
of curved walls in an unflexed closed configuration bounding a shape memory
housing lumen, said opposite pair of curved walls terminating in an opposite pair
of shape memory housing rims extending inwards into said shape memory
housing lumen thereby defining a longitudinal slit co-directional with said
longitudinal shape memory housing centerline; and
(b)  an opposite pair of wing-like finger grips on said opposite sides of said
shape memory housing with respect to said longitudinal shape memory housing
centerline and correspondingly equidistanced from said opposite pair of shape
memory housing rims,

the arrangement being such that
1) on an initial application of a manual compression force to urge said
opposite pair of wing-like finger grips towards one another, said compression
force substantially flattens said opposite pair of curved walls such that said shape
memory housing assumes a flexed near-flat open configuration with said opposite
pair of shape memory housing rims spaced apart from one another for enabling
placement of the unflexed flat fixation ring therebetween, and
1) on a subsequent release of said compression force, said shape memory
housing reverts from said flexed near-flat open configuration to its unflexed
closed configuration for curling the unflexed flat fixation ring inside said shape
memory housing around said longitudinal shape memory housing centerline for
conforming the fixation ring to said shape memory housing lumen ready for

insertion of the fixation ring through the corneal or corneo-scleral incision.

10
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2. The apparatus according to claim 1 wherein said shape memory housing
includes a central panel intermediate said opposite pair of curved walls and
longitudinally directed fold lines between said central panel and said opposite pair

of curved walls.

3. The apparatus according to claim 1 or 2 wherein said opposite pair of
wing-like finger grips abut against each other in said flexed near-flat open

configuration to prevent over flexing of said shape memory housing.

4. The apparatus according to any one of claims 1 to 3 wherein said shape
memory housing includes a thin wall beveled leading tip for insertion through the

corneal or corneo-scleral incision.

5. The apparatus according to any one of claims 1 to 4 wherein said shape
memory housing includes a stepped outer surface having a small cross section
leading section, an intermediate shoulder and a large cross section trailing section
wherein said intermediate shoulder limits insertion of said shape memory housing

into the corneal or corneo-scleral incision.

6. The apparatus according to claim 5 and further comprising a sealing

member mounted on said intermediate shoulder.

7. The apparatus according to any one of claims 1 to 6 wherein said shape
memory housing includes a trailing position rod for holding said shape memory
housing in said unflexed closed configuration against the corneal or corneo-scleral

incision.

11
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8. The apparatus according to any one of claims 1 to 7 and further comprising
an additional spring like element for assisting said shape memory housing to
revert to said unflexed closed configuration from said flexed near-flat open

configuration on release of said compression force.

12
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