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(57) Abrégée/Abstract:
An accommodating (re-focusable) lens system a body of which includes, upon being assembled, first and second individual
lenslets having first and second optical portions sequentially disposed along an optical axis. Change In optical-power
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(57) Abrege(suite)/Abstract(continued):
accommodation of the system Is achieved by changing an applanated area of contact between the lenslets In response to force

applied to the lenslets and transformed into an axial force. In specific case, the first and second lenslets form an intraocular lens
(IOL) and have respective haptic portions, interlocked as a result of rotating of one lenslet with respect to another such as to bring
first and second lenslets In contact at an axial point. The applanated area of contact iIs changed, then, In response to a radially-
directed force caused by a change of distance between the interlocked ends of the haptics and transferred to the optical portions

through the Interlocked haptics.
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(57) Abstract: An accommodating (re-focusable) lens system a body of
which includes, upon being assembled, first and second mdividual lenslets
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having first and second optical portions sequentially disposed along an op -
tical axis. Change In optical-power accommodation of the system 1is
achieved by changing an applanated area of contact between the lenslets in
response to force applied to the lenslets and transformed into an axial
force. In specific case, the first and second lenslets form an mtraocular lens
(IOL) and have respective haptic portions, interlocked as a result of rotat-
/ ing of one lenslet with respect to another such as to bring first and second
lenslets 1n contact at an axial point. The applanated area of contact 1s
changed, then, in response to a radially-directed force caused by a change
of distance between the interlocked ends of the haptics and transterred to
the optical portions through the mterlocked haptics.



REFOCUSABLE LENS SYSTEM WITH
MUTUALLY-APPLANATING INTERNAL SURFACES

TECHNICAL FIELD

[0002] The present invention relates to refocusable lens systems and, in particular, to lens
systems having first and second aspherical surfaces that flatten each other in operation thereby
continuously altering the effective focal length of the system. Such lens systems can be used in
ophthalmological instruments (for example, as intraocular lenses) or opto-mechanical instruments

employing a variable-focus lens.
SUMMARY

[0003] Embodiments of the invention provide a pseudophakic lens assembly that contains a
first lenslet having a first optical power and a first rotationally-symmetric optical portion defining a
clear aperture of the first lenslet and a second lenslet having a second optical power and a second
rotationally-symmetric optical portion defining a clear aperture of the second lenslet. The first lenslet
includes at least two first haptic portions, each having a proximal end integrated with a peripheral region
of the first optical portion and a distal free end. The second lenslet includes at least two second haptic
portions respectively corresponding to the at least two first haptic portions, such that each of the at least
two second haptic portions includes a notch and a groove. The groove 1s dimensioned to accommodate
a corresponding distal free end therein when the first and second lenslets are coaxially positioned to
define an axial point of contact between mutually-facing surfaces thereof such that each of the at least
two first haptic portions is interlocked with the respectively corresponding of the at least two second
haptic portions through the notch. The embodiment of the pseudophakic lens assembly is contigured
such as to increase an area of contact between the mutually-facing surfaces in response to a radially-
vectored force transferred to the first and second rotationally-symmetric optical portions through the at
least two first and second interlocked haptic portions. In particular, the lens assembly can be configured

such as to have an area of contact between the mutually-facing surfaces reduced in response to a

radially-vectored force transferred to the first and second rotationally-symmetric optical portions
through the at least two first and second interlocked haptic portions. Alternatively or in addition, the

lens assembly is configured such as to have a portion of each of the mutually-facing surfaces applanated

around an optical axis of the assembly in response to a radially-vectored force transferred to the first
and second rotationally-symmetric optical portions through the at least two first and second interlocked
haptic portions, thereby reducing the optical power of the assembly. In a specific embodiment, at least
one of the mutually-facing surfaces in an unstressed state includes a prolate aspheric surface. In a related
embodiment, a first haptic portion is interlocked with a second haptic portion as a result of a relative
rotation of at least one of the first and second lenslets about an optical axis. An embodiment of the

assembly may be configured to reduce at least one of the first and second optical powers In response to
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increasing a distance between free distal ends of the at least two first haptic portions that have been
interlocked with the respectively corresponding of at least two second haptic portions.

[0004] In one specific embodiment, a pseudophakic lens assembly additionally includes a third
lenslet having a third optical power and a third rotationally-symmetric optical portion defining a clear
aperture of the third lenslet and at least two third haptic portions. The at least two third haptic portions
are, in operation of the lens, interlocked with at least one of (1) the at least two first haptic portions and
(i1) the at least two second haptic portions such as to define a point of contact between a first surface of
the at least one of the first and second lenslets and a second surface of the third lenslet, wherein the first
and second surfaces being are facing each other. The assembly is configured such that an area of contact
between the first and second surfaces is changed in response to a radially-vectored force transferred to
rotationally-symmetric portions of the assembly through interlocked haptic portions. Optionally, this
specific embodiment is configured such as to have a portion of at least one of the first and second surface
surfaces applanated around an optical axis of the assembly, in response to the radially-vectored force.
(0005 ] Embodiments of the invention further provide a method for operating a pseudophakic
lens assembly. Such method includes juxtaposing first and second lenslets coaxially such that a surface
of the first lenslet and a surface of the second lenslet face each other. These lenslets are configured such
that the first lenslet includes at least two first haptic portions, each having a proximal end integrated
with a peripheral region of the first optical portion and a distal end; and the second lenslet includes at
least two second haptic portions respectively corresponding to the at least two first haptic portions. The
method further includes interlocking each of these at least two first haptic portions with the respectively
corresponding at least two second portions by rotating at least one of the first and second lenslets with
respect to another about an axis such as (i) to form the lens assembly, in which the first and second
lenslets are securely affixed to one another and (1) to define an axial point of contact between said
facing each other surfaces of the first and second lenslets. The method further includes varying an area
of contact between the facing each other surfaces of the first and second lenslets 1n response to a radially-
vectored force transferred to optical the first and second optical portions through the at least two first
and second haptic portions interlocked with one another.

[0006] An embodiment of the method may additionally include applanating at least a portion
of at least one of the facing each other surfaces of the first and second lenslets within the area of contact,

and increasing the area of contact by increasing a distance between distal ends of the at least two first
haptic portions. (In a specific embodiment, when only two lenslets are being juxtaposed, each lenslet
may have a prolate aspheric surface in an unstressed state, and the step of varying includes causing
prolate aspheric surfaces of the two lenslets to apply force towards one another such as to mutually
applanate each other.) Altematively or in addition, the method may contain a step of inserting the first
and second lenslets individually into an eye through an incision in a cornea; and conforming a curvature

of a posterior surface of the lens assembly to an internal surface of a natural lens capsule of the eye. In
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this specific case, the steps of juxtaposing and interlocking may be carried out after the step of inserting.
In a rclated embodiment, the may additionally include changing an optical power of said pseudophakic
lens assembly by causing the facing each other surfaces of the first and second lenslets to mutually
deform each other. The step of changing an optical power may include changing a curvature of an axial
portion of at least one of the facing each other surfaces of the first and second lenslets by a first amount
while changing a curvature of an annular portion of said at least one of the facing each other surfaces
by a second amount that is smaller than the first amount, where the annular portion circumscribes the
axial portion. The step of interlocking may include affixing a first haptic portion in a notch of the second
haptic portion and a corresponding distal end of the first haptic portion n a groove of the second haptic
portion, said groove being substantially tangentially parallel to a perimeter of the first optical portion.
10007} In a specific implementation, the method may additionally include the steps of (1)
juxtaposing a third lenslet (having at least two third haptic portions) coaxially with said first and second
lenslets, (i1) interlocking each of said at least two third haptic portions with at least one of respectively
corresponding at least two first haptic portions, and respectively corresponding at least two second
haptic portions. The interlocking is achieved by rotating at least one of said first, second, and third
lenslets about an axis such as (a) to form a second lens assembly, in which the first, second, and third
lenslets are securely affixed to one another and (b) to define a point of contact between first and second
facing each other immediately adjacent surfaces, the first surface being a surface of the third lenslet and
a second surface being a surface of at least one of the first and second lenslets. The specific
implementation of the method may be complemented by a step of varying a second area ot contact
between said first and second surfaces in response to the radially-vectored force, which varying may
optionally include causing at least one of the first and second surfaces to apply force towards one another
such as to applanate at least one of the first and second surfaces.
[0008] Embodiments additionally provide a variable-focal-length lens system that includes (1)
a first lenslet having a first optical power and a first rotationally-symmetric optical portion defining a
clear aperture of the first lenslet, and (ii) a second lenslet having a second optical power and a second
rotationally-symmetric optical portion defining a clear aperture of the second lenslet, such that the first
and second lenslets are disposed co-axially to define a contact between surfaces thereof at an axial point.
The system additionally includes means for transfer of motion applied to a surface of at least one of the
first and second lenslets to a force applanating at least one of said surfaces about the axial point such
that an area of applanation of the surface in question depends on a degree of such motion. The system
may be equipped with a housing unit enclosing the first and second lenslets and mechanically
cooperated with the means of transfer of motion which, in a specific case, may include a piston movable
internally with respect to the housing. In one embodiment, the lens system is configured to have a first
surface of the first lenslet and a second surface of the second lenslet interact with one another, n

response to a non-zero force transferred to at least one of the first and second surfaces by said means,
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such as to mutually applanate one another to define respective applanated areas diameters of which
progressively increase with increase 1n such non-zero force created by means for transfer of motion. In
a specific case, a process of increase in a diameter of an applanated area of any of the first and second
surfaces response to increase of such force, optical aberrations of the lens system that are caused by
changes 1n the diameter of the applanated area are minimized.

[0009] In accordance with one aspect of the present invention, there 1s provided a pseudophakic lens
assembly comprising a first lenslet having a first optical power and a first rotationally-symmetric optical
portion that defines a clear aperture of the first lenslet, a second lenslet having a second optical power
and a second rotationally-symmetric optical portion that defines a clear aperture of the second lenslet,
wherein the first lenslet includes at least two first haptic portions, each having a proximal. end integrated
with a peripheral region of the first rotationally-symmetric optical portion and a distal free end; wherein
the second lenslet includes at least two second haptic portions respectively corresponding to the at least
two first haptic portions, each of the at least two second haptic portions including a notch and a groove
therein, said groove being dimensioned to accommodate a corresponding distal free end therein, when
the first and second lenslets are coaxially positioned to define an axial point of contact between
mutually-facing surfaces-of the first and second rotationally-symmetric optical portions thereof, such
that each of the at least two first haptic portions 1s interlocked with a respectively corresponding second
haptic portion, of the at least two second haptic portions, through the notch of said corresponding second
haptic portion as a result of a relative rotation of at least one of the first and second lenslets about an

optical axis.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The invention will be more fully understood by referring to the following Detailed
Description in conjunction with the generally not-to-scale Drawings, of which:
Fig. IA is a diagram schematically showing, in side view, an embodiment of the anterior lens
component of an embodiment of the invention;
Fig. 1B 1s a diagram schematically showing, in side view, an embodiment of the posterior lens
component of an embodiment of the 1nvention;

Fig. 2A 1s a diagram schematically illustrating a front view of an JOL according to one

embodiment of the present invention, with haptics of the anterior and posterior lens components of Figs.

IA, 1B mterlocked;

Fig. 2B a diagram schematically illustrating the embodiment of Fig. 2A in side view;
Fig. 3 schematically shows, in front view, a posterior lens component of Fig. 1B. Haptics of the
posterior lens are shaped to include arced locking notches and interlocking grooves forming a portion

of mechanism of interlocking between the anterior and posterior lens components. In a specitic
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cmbodiment, an arced interlocking groove 1s substantially tangentially parallel to a perimeter of an
optical portion of the associated lens;

Fig. 4 is a diagram 1llustrating an example of operable placement of the embodiment of Figs. 2A,
2B 1n a capsule membrane of an eye 1n place of a natural eye lens;

Figs. SA, 5B schematically illustrate mutually-imposed deformation of a posterior surface of
the anterior lens and an anterior surface of the posterior lens, of the embodiment of Figs. 2A and 2B,
causing a change of accommodating distance as a result of force transterred to the interlocked haptics
of the 10l from ciliary muscle. Fig. SA: accommodation at a near-distance point; Fig. 5B:
accommodation at a faraway point;

Fig. 6 schematically shows an enlarged central portion of the embodiment of Fig. 5B,
illustrating the mutually-imposed flattening of the contacting surfaces of the embodiment that
accompanies the accommodation of the IOL at a long distance;

Figs. 7A, 7B illustrate layouts of a model of the human eye with the pseudophakic lens of the
invention placed therein in Zemax® optical modeling software, showing the shape change of the front
and back surface of the lens to alter the eye's focal distance from infinity to near;

Figs. 8A, 8B present spot diagrams generated in Zemax® and corresponding, respectively, to
layouts of Figs. 7A, 7B;

Figs. 9A, 9B show images of the same object formed with an embodiment of the invention
accommodated according to the layouts of Figs. 7A, 7B;

Fig. 10 1s a diagram of a human eye;

Fig. Il is a flow-chart schematically depicting a method according to an embodiment of the
invention;

Fig. 12 is a plot showing a dependence of a degree of surface applanation of an embodiment of
Figs. 7A, 7B as a function of force transferred to the surface;

Fig. 13 is a schematic diagram of a related embodiment of the invention;

Figs. 14A and 14B are diagrams illustrating in side and front views an embodiment of a

variable-focus lens system when no applanation is caused by mutually-facing internal surfaces of the
system,;

Figs. 15A and 15B illustrate the side and front views of the embodiment of Figs. 14, 14B after
the array of individual lenses of the embodiment has been axially compressed,;

Figs. 16A and 16B are diagrams illustrating, in side and front views, an embodiment of a
variable-focus lens system including anterior sub-system and posterior subsystem the focal lengths of
which are individually adjustable according to the embodiment of the invention;

Fig. 17 is a flow-chart schematically depicting a method according to an embodiment ot the

mvention.
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DETAILED DESCRIPTION
(0011} Needs for a variable-focus lens system are numerous and range from uses in optical

engineering (such as, for example, in a photocamera) to uses in medicine (for example, as an
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ophthalmological eclement). While the 1dea of the present mvention was facilitated by the
ophthalmological use of a vanable-focus lens, the followimg disclosure additionally presents related
embodiments the application of which goes beyond ophthalomolgy.

[0012] To this end, references throughout this specification to "one embodiment,” "an
embodiment," "a related embodiment,”" or similar language mean that a particular feature, structure, or
characteristic described 1n connection with the referred to "embodiment” 1s included 1n at least one
embodiment of the present invention. Thus, appearances of the phrases "in one embodiment,” "in an
embodiment,” and similar language throughout this specification may, but do not necessarily, all refer to
the samc cmbodiment. It 1s to be understood that no portion of disclosure, taken on 1ts own and in
possible connection with a figure, 1s intended to provide a complete description of all features of the
mvention.

[0013] In addition, 1t is to be understood that no single drawing 1s intended or even capable to
support a complete description of all features of the invention. In other words, a given drawing is
generally descriptive of only some, and generally not all, features of the mvention. A given drawing and
an associated portion of the disclosure containing a description referencing such drawing do not,
generally, contain all elements of a particular view or all features that can be presented 1s this view, for
purposes of simplifying the given drawing and discussion, and to direct the discussion to particular
elements that are featured i this drawing. A skilled artisan will recognize that the mvention may
possibly be practiced without one or more of the specific features, elements, components, structures,
details, or charactenistics, or with the use of other methods, components, matenals, and so forth.
Therctore, although a particular detail of an embodiment of the invention may not be necessarily shown
in each and every drawing describing such embodiment, the presence of this detail in the drawing may be
imphied unless the context of the description requires otherwise. In other istances, well known
structures, details, materials, or operations may be not shown in a given drawing or described in detail to
avold obscuring aspects of an embodiment of the invention that are being discussed. Furthermore, the
described single teatures, structures, or characteristics of the mvention may be combined m any suitable
manner in one or more further embodiments.

[0014] The mvention as recited n claims appended to this disclosure 1s mmtended to be assessed
in light of the disclosure as a whole.

[0015] One common need of a vanable-tfocus lens arises as a result of the clouding of the
natural lens of an e¢ye, which 1s often age-related, referred to as cataract. Visual loss, caused by the
cataract, occurs because opacification of the lens obstructs light from traversing the lens and being
properly focused on to the retina. The cataract causes progressive decrcased vision along with a
progressive decrease in the individual’s ability to function in his daily activities. This decrease in

function with time can become quite severe, and may lead to blindness. The cataract 1s the most common

cause of blindness worldwide and i1s conventionally treated with cataract surgery, which has been the
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most common type of surgery in the Unmited States for more than 30 years and the frequency of use of
which 1s increasing. As a result of cataract surgery, the opacitied, clouded natural crystalline lens of an
eye 18 removed and replaced with a synthetic and clear, optically transparent substitute lens (often
referred to as an mtraocular lens or IOL) to restore the vision.

[0016] The use of such customized synthetic IOLs that are properly sized for a given imdividual
— often referred to as intraocular lenses - has been proven very successful at restoring vision for a
predetermined, fixed focal distance. The most common type of IOL for cataract treatment 1S known as

pseudophakic IOL that 1s used to replace the clouded over crystalline lens. (Another type of IOL, more

lens used 1n refractive surgery to change the eye's optical power as a treatment for myopia or
nearsightedness.) An IOL usually includes of a small plastic lens with plastic side struts (referred to as
"haptics”), which hold the IOL 1 place within the capsular bag nside the eye. 10Ls were traditionally
made of an inflexible material (such as PMMA, for example), although this 1s being superseded by the
use of flexible materials. Such lenses, however, are not adapted to restore the eye’s ability to
accommodate, as most IOLs fitted to an mdividual patient today are monofocal lenses (lenses with a
fixed, single position of a focal point) that are matched to "distance vision".

[0017] Accommodation 1s the eye’s natural ability to change the shape of its lens and thereby
change the lens’ focal distance. The accommodation of the eye allows an individual to focus on an object
at any given distance within the field-of —view (FOV) with a feedback response of an autonomic nervous

system. Accommodation of an eye occurs unconsciously, without thinking, by mnervating a ciliary body

curvature which, in turn, adjusts the focal distance of the eye’s lens.

[0018] Without the ability to accommodate one’s eye, a person has to rely on auxihary, external
lenses (such as those used m reading glasses, for example) to focus his vision on desired objects.
Typically, cataract surgery will leave an individual with a substantially fixed focal distance, usually
greater than 20 feet. This allows the individual to participate m critical activities, such as driving, without
using glasses. For activities such as computer work or reading (which require accommodation of eye(s)
at much shorter distance), the individual then needs a separate pair of glasses.

[0019] Several attempts have been made to restore eye accommodation as corollary to cataract
surgery. Some of contemporary IOL designs attempt to exploit the optical effect of anterior lens
displacement that produces myopic shift and thus mmprove near vision; early clinical evaluation
confirmed some degree of accommodative effect that is proportional to the measured displacement of the
optic.

[0020] The most successful of used methodologies relies on using a substitute lens that has two
or three discrete focal lengths to provide a patient with limited visual accommodation 1n that optimized

viewing 1§ provided at discrete distances — optionally, both for distance vision and near vision. Such
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IOLs are sometimes referred to as a "multifocal IOLs". The practical result of using such IOLs has been
fair, but the design compromises the overall quality of vision. Indeed, such multifocal IOLs use a
biconvex lens combined with a Fresnel prism to create two or more discreet focal distances. The focal
distance to be utilized 1s 1 focus while there 1s a superimposed defocused 1image from the other focal
distances mherent 1 the lens. Also, the Fresnel prism contains a series of impertect dielectric boundary-
related discontinuities, which create scatter perceived as glare by the patient. Some patients report glare
and halos at night ttme with these lenses.

[0021] Another methodology may employ altering the position of a fixed-focal-length substitute
lens (often referred to as an "accommodating IOL") with contraction of a ciliary muscle to achicve a
change 1 the working distance of the eye. These "accommodating IOLs" interact with ciliary muscles
and zonules, using hinges at both ends to "latch on" and move forward and backward mside the eye using
the same natural accommodation mechanism. In other words, while the fixed focal length of such IOL
does not change in operation, the focal point of an "accommodating I0L" 1s repositioned (due to a back-
and-forth movement ot the 10L 1itself) thereby changing the working distance between the retina and the
IOL and, effectively, changing the working distance of the IOL. Such IOL typically has an
approximately 4.5-mm square-edged optical portion and a long hinged plate design with polyimide loops
at the end of the haptics. The hinges are made of an advanced silicone (such as BioSil). While
"accommodating IOLs" have the potential to eliminate or reduce the dependence on glasses after cataract
surgery and, for some, may be a better alternative to refractive lens exchange (RLE) and monovision, this
design has diminished m popularity due to poor performance and dynamic range of movement that 1s not
sufficient tor proper physiological performance of the cye.

[0022] Another shortcoming of the use of most currently existing structures of accommodating
lenses 1s known to be mability to perform a laser capsulotomy procedure (to remove a film growth over
the ventral posterior surface of the lens capsule, which degrades the vision, as a result of which the spatial
continuity of the capsule across the whole posterior surface of the IOL lens may become uncertain.

[0023] Theretore, there remains an unresolved need m an IOL that 1s structured to be, in
operation, continuously accommodating, with gradually, non-discretely and/or monotonically adjustable
tocal length.

[0024] According to an embodiment of the mvention, the problem of accommodating the focal
length of an IOL 1s solved by forming the IOL as a coaxial assembly of at least two individual
interlocked-through-the-haptics lenslets and utilizing a force mechanism supplied by the eye’s ciliary
muscle to vary an area of contact of facing each other surfaces of such lenslets and to applanate these
surfaccs within the arca of contact. The mdividual lenslets of the IOL assembly are provided with at Icast
one flexible prolate aspherical surface the curvature of which and 1s juxtaposed in such spatial relation
with respect to the ciliary muscle that force, transferred to the optical portion of the IOL through the

interlocked haptics by the muscle, applies pressure on the facing each other surfaces of the immediately
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adjacent mdividual lenslets to change the curvatures of such surtaces i the area of contact and, thereby,
the optical power of the overall IOL as well. Such variation of the focal length 1s achieved without
substantial repositioning of the IOL itself.

[0025] According to a related embodiment of the imvention, the problem of varying the focal
length of a multi-lens optical system 1s solved by providing a co-axially queued individual lenses, at least
two of which are 1 contact at a point located at the axis, and utilizing a means for axially compressing at
least a portion of this array of lenses such that lens surfaces that are 1n contact at the axial point deform
each other in response to the axaally-apphed pressure (and, optionally, i response to minute axial
movement of a component of the system) to incrcase an arca, of cach surface, that 1s applanated. The
applanation of the mutually-deforming internal surfaces of the lens system is reversible in response to
reverse operation of means for axial compression that causes the reduction of force with which one of the
contacting-each-other surfaces interacts with another.

[0026] Numbering of structural surfaces. In describing the order of elements or components in
an embodiment of a lens system of the mvention or a sub-set of such system, the following convention
will be generally followed herein, unless stated otherwise. The order in which the surfaces of
sequentially positioned structural clements of the lens assembly are viewed along a direction of light
incident on the lens system, in operation and/or when nstalled, from the object 1s the ascending order n
which these surfaces are referred to as the first surface (or surface /), the second surtace (or surface /1),
the third surface (or surface //7), the fourth surtace (or surface /V) and other surfaces if present. For
example, m the case of an embodiment shown m Figs. 1A, 1B, the direction of mcidence of light 1s
mdicated as the z-axis. Generally, theretore, surfaces of the structural elements (such as substrates) of an
embodiment of the invention are numerically labeled starting with a surface that corresponds to the front
portion of the lens system and that 1s proximal to the object and ending with a surtace that corresponds to
the back portion of an assembly and that 1s proximal to the retina. Accordingly, the term "behind" refers
to a position, 1n space, followmg a position of something else and suggests that one element or thing 1s at
the back of another as viewed from the front of the lens assembly. Similarly, the term "in front of" refers

to a forward place or position, with respect to a particular element as viewed from the front of the

assembly.
[0027] Examples of Embodiments for Ophthalmic Use.
[0028] Figs. 1A and 1B schematically illustrate, in side view, an anterior lens 110 and a

posterior lens 114, each equipped with corresponding tlexible haptic elements 120, 124 structured to
interlock the individual lens components (or lenses, lenticles, lenslets) 110, 114 together to form, in
operation, an mterlocked embodiment of the mtraocular lens system. An e¢xample of such embodiment 18
shown as 200 n Figs. 2A and 2B. The side structures, or haptics, 120, 124 hold the lens system 1n place
within the capsular bag mside the eye (as later discussed in reterence to Fig. 4). (It 15 appreciated that,

generally, more than two - for example three, four, or more - lenslets in series may be used to form an
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embodiment of the mvention. In an embodiment m which more than two intercoupled lenslets
components are used to form an 10OL, the operation of the IOL includes a deformation of multiple
surfaces that are internal to the IOL. For simplicity of illustration, the structure of the IOL that includes
more than two lenses n series 1s not shown, as the principle of its operation 1s substantially similar to that
described below in reference to the IOL including two lenslets.) In a specific implementation, the optical
portions 126, 128 of lenses 110, 114 (shown, in this embodiment, with beveled peripheral edges 126A,
128 A) have mutually-opposing surtaces 132, 136, (or surtaces /7 and //7) each having, in a specific case, a
corresponding prolate aspherical shape (although these opposing surfaces can generally be shaped
diftcrently).

[0029] Each of the lenses 110, 114 are deformable and foldable, and are made from silicone
and/or acrylic materials commonly used for construction of IOLs such as, for example, foldable/flexible
hydrophobic and/or hydrophilic acrylic, silicone, hydrogel, collamer, and/or rigid PMMA when required.
[0030] The interlocking haptic element 120 and the stabilizing haptic element 124 are shown to

include two portions each (the upper portion and the lower portion, as seen i Figs. 1A, 1B), the
corresponding portions of the anterior lens haptic 120 and the posterior lens haptic 124 being paired n
operation. However, a chosen lens may have difterent number of haptic portions — for example, three, or
more — and other lens(es) of the system will have, in this case, respectively corresponding haptic portions
for pairing with the ones of the chosen lens. In one mmplementation the haptics are symmetric about an
optical axis 130. Haptics of lenses 120, 124 define monotonically-curved, for example oval, outer
surfaces (as shown, surtaces 140, 144) 1 absence of mechanical stress. As shown in Fig. 3, at least one
of the haptic portions 124 of the posterior lens 114 mncludes a locking notch 150 1 the wing-portion of
the haptic and an interlocking haptic channel or groove 154 dimensioned, in the posterior surface of the
lens 114, to fixatedly and securely accommodate the mterlocking haptic extensions 120 of the anterior
lens 110 when the two lenses 110, 114 are being interlocked. While the interlocking haptic-
accommodating groove 154 1s shown to extend, in the surface 144, along an arc to an edge of the haptic
clement 124, m an alternative implementation the groove or channel 154 may be terminated earlier,
before the edge of the haptic 124.

[0031] In practice, the lenses 110, 114 are mserted individually, separately, while folded,
through a small incision 1n the eye (typically, under 3 or even 2 mm in size) to minimize surgical trauma,
unfolded 1n the volume defined by the capsular sack such as to ensure that the curved surfaces 140, 144
and the outer surtaces /, I/ conform to the shape of the lens capsule. The lenses are then coupled together
by rotating of one of the lenses with respect to another about the optical axis (axis z as shown m Figs. 1A,
1B) to pass an mterlocking haptic 120 through a notch 150 such that the end of the haptic 120 1s rested n
and along the mterlocking channel 154 of the stabilizing haptic 154. As a result of such interlocking, a
portion of a haptic 120 that 1s proximal to the optical portion of the lens 110 1s located m front of a

stabilizing haptic 124 of the lens 114 and 1n the notch 150, while a portion of a haptic 120 that 1s distal to



11

the optical portion of the lens 110 is located behind the haptic 124 of the lens 114, in the groove 154. The
haptics are structured such that, in the interlocked position, the surfaces I/, /I (the inner surfaces of the
IOL system) are placed in contact at the axial point P (in a specific embodiment - without substantial
deformation of surtaces /I, /i) to provide full refractive power of the surfaces /I, I/ for near-distance
accommodation of the IOL system, while the interlocked haptics exert small redial pressure on the natural
lens capsule along the 10L-system's long axis.

[0032] The haptics 120, 124 are designed to be supported in their rigidity within the natural lens
capsule retained {ollowing the cataract extraction (shaped as a lobsided oval in a cross-section, with the
long axis of about 8.2 mm and a short axis of about 4.2 mm, with the anterior curvature of approximately
9 mm and posterior curvature of about 6. 5 mm). The outer limits of the haptics are flared with rounded
edges to distribute stress over a large area of the capsule, which limits non-azimuthally symmetric
deformation and the risk of capsular rupture. The haptics are structured to conform to the posterior surface
of the capsule out to 1ts equator and, when so conformed, are able to counter the net anterior vector of
force by transmitting the force centripetally to the equator of the capsule. Lastly, the haptics are designed
to have such a width as to increase their rigidity and prevent rotational buckling.

[0033] It 1s noted that one operational shortcoming of some of existing to-date mechanical
structures of accommodating IOLs of the related art is that the small force applied by the capsule 116 to
the lens 1s not sufficient to actuate the lens and alter its shape and power. In contradistinction with
accommodating IOLs of the related art, embodiments of the present invention are structured to directly
transter the force, caused by flexing of the ciliary body muscle, to the mutually opposing surfaces 17, /]
of the optical portions of the component lenses 110, 114 such as to alter their shapes, causing
substantially no loss of force upon transmission that would otherwise occur if the force were transferred
to any other an internal or anterior surface of the optical portion of the embodiment. (For example, in one
embodiment, the small actuating / accommodating force of about 1 gram is sufficient for the operation of
the lens of the present invention.)

[0034] Fig. 10 shows diagrammatically the human eye. To this end, and in reference to Fig. 10,
Fig. 4 illustrates, in a simplified cross-sectional view, an example of operable cooperation with and
spatial orientation of the embodiment 200 inside the eye. Each of the individual lenses 126, 128 can be
inserted individually, while folded due to the flexibility of the material they are made from, through an
approximately 3 mm incision in the eye (which is a currently used approach), to reduce trauma to the eye.
Following the insertion, the lenses 126, 128 are interlocked to form the IOL 200. The cornea 450, root of
the 1ris 434 and sulcus 452 are also shown in Figurc 4. Fig. 10 shows the common parts of the eye such
as the cornea 450, lens 1002, ciliary muscle 414, suspensory ligament 1005, vitreous humour 1006,
hyaloid canal 1008, {fovea 1010, retinal blood vessels 1012, optic nerve 1014, optic disc 1016, sclera 1018,
choroid 1020, retina 1022, zonular fibres 1024, posterior chamber 1026, iris 1028, pupil 1030, anterior

chamber (aqueous humour) 1032.
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[0035] Upon the formation of the interlocked IOL system, the free ends of the interlocked
haptics 120, 124 - which are distal to optical portions of the corresponding lenses - are placed in the lens
capsule (also reterred to as capsule bag) 410 of the now-removed natural lens of the eye to be abutted
against the equatorial portion of the capsule 410 (against the capsule in the peripheral portion of the

volume defined by it). The lens capsule does not adhere to silicone, and therefore the optics is kept in
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place by the haptics. When the ciliary body muscle 414 1s relaxing (for example, during the focusing of
the eyc at a large distance), tension on the zonules (cihiary zonules) 420 and/or the capsule 410 1s
increased centripetally. As a result, a force 430, vectored outwardly from the axis 130 and created by
tension of zonules 420 , increases the radial diameter of the IOL-system-retaining lens capsule 410,
thereby reducing the pressure exerted by the interlocked haptics 120, 124 onto the capsule 410 and
allowing the previously radially-compressed interlocked haptics 120, 124 expand radially, which 1s
accompanied by an axial compression of the lens' optics and decreasing the overall axial thickness D of
the system to d< D, as a schematic diagram of Figs. SA, 5B illustrate.

[0036] The axial compression of the IOL system 1s additionally bolstered by the compression of
the overlying posterior capsule 410, in which the posterior stabilizing haptics 124 are preventing anterior
displacement of the coupled lenses 110, 114. It 1s worth noting, that in order for such "facilitating”
compression of the capsule to occur, the capsule does not have to be necessarily spatially continuous
across the whole posterior surface of the IOL system (which, mn case of the embodiment 200 1s surface
V). As a result, the lens-system of the present mvention 1s operable to achieve the goal of focal
accommodation even in the case when a very common post-cataract surgery procedure (commonly
reterred to as an Nd-Y AG laser capsulotomy, which removes a film growth that degrades vision over the
central posterior surface of the lens capsule) has been performed.

[0037] Referring again to Figs. 5A, 5B and in further reference to Fig. 6, showing the enlarged
central, axial portion 600 of the lens of Fig. 5B and specifically surfaces /7 and /// in contact, 1t 1S
understood that as a result of the combiation of the equatorial elongation and the axial compression of
the mterlocked lenses 126, 128, surtaces I/ and /// mutually deforming (detorming each other) such as to
define a flattened area 610 across which these surfaces are in continuous contact and are flattened (due to
the phability of the material of the mdividual lenses 126, 128) as compared to the shape of these surtaces
shown 1 Figs. 2B and SA, when the ciliary muscle 1s not relaxed. In one embodiment, such flattened
(applanated) area 610 1s axially symmetric about the axis 130. The flattening of surtaces /7 and 7/ due to
the mutual deformation of the lenses 126, 128 ettectively reduces optical contributions of each of these
surfaces to the power of the overall lens 114 substantially without any direct contribution from axial
translation (of an optical component of the overall lens) to the accommodation of the IOL 200.

[0038] Stated differently, during the contraction of the ciliary muscle, the pulling force applied
to the embodiment of the installed IOL radially (or outwardly with respect to the axis of the lens) extends
the haptics outwardly, which mechanically translates mto an axial force that pushes mdividual lenses of
the IOL axaally towards each other thereby increasing the region of contact between the facing-each-
surface of the IOL from the axial point to some measurable arca surrounding the axial pomt. As a result,
in such region of contact the facing-each-other surfaces of lenses are applanated, and the overall power of
the system 1s reduced, resulting in accommodation at large distance (for example, infinity). During the

relaxation of the ciliary muscle, on the other hand, the axial force 1s reduced and the region of contact
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between the mdividual lenses 1s reduced, thereby mcreasmg the curvatures of the lens' surfaces within the
region of contact and increasing the overall power of the system, thereby accommodating the 10L
accommodation at a near distance. In a specific embodiment, the radi of curvature of the facing-each-
other surfaces I/ and /1] are larger than those of the outer surfaces / and V.

[0039] Figs. 7A, 7B provide diagrams schematically illustrating an optical layout used for ray-
tracing ot light through a model of an eye (in which the natural lens 1s substituted with an embodiment ot
the IOL according to the invention) from the object towards the retina to illustrate the ability of the
embodiment of the invention to refocus within a dynamic range of distances (from infinity, corresponding
to the layout of Fig. 7A, to a ncar-distance which, i the case illustrate 1n Fig. 7B 1s about 100 mm),
which dynamic range substantially exceeds requirements that can be encountered in practice. Examples
of Zemax® model design parameters corresponding to the layouts of Figs. 7A, 7B are presented in Tables
1 and 2, respectively. The pupil stop was set for 5.1 mm (for accommodation at infinity) and 3 mm for
near-distance accommodation. Surfaces 1, 2 represent the surfaces of the cornea; surface 3 (labelled as
"STO") corresponds to the aperture stop; surtaces 4, 5 correspond to surtaces / and // of the anterior lens
126, while surfaces 6, 7 correspond to surfaces /I7 and 7V of the posterior lens 128, respectively. Surtace
"IMA" corresponds to a surface of the retina.

[0040] [t 1s appreciated that the particular example of the IOL design for near/short distance
accommodation was set to a 100 mm distance to object (Fig. 5B) to more clearly illustrate a change of
curvatures of the mutually-deforming upon variable contact surtaces 5, 6 (II, I/Il) with the change of
accommodation of the IOL from the mfimity to a near point object. It can be seen that, while for
accommodation at mfmity (Fig. 7A) the surfaces 5, 6 arc flattened and 1n contact across a substantial
portion of clear apertures of the lenses 126, 128, for a near-distance accommodation the contact area
between the surfaces 5. 6 1s substantially reduced to a small region about the optical axis. In practice, as
would be appreciated by a skilled artisan, the actual physiological design of the IOL 200 would be
optimized for a near distance to object of about 200 mm or so. All design parameters summarized in
Tables 1, 2 are mitial estimates and not necessarily optimized and, therefore, corresponding spot diagrams

(of Figs. 8A, 8B) and simulated images (of Figs. 9A, 9B) do not necessarily reflect the best quality of

imaging achicvable with an embodiment of the IOL of the invention.

Surf: Type Radus Thickness Glass Semi-Diameter Conic
OBJ Standard Infinity 1.000E+004 1.733E+004 0.000
1% Standard 7.800 0.550 377571 6.000 U | -0.600
2% Standard 7.800 2.970 337613 6.000 U | -0.100
STO* | Standard Infinity 1.500 337613 2.800 U | 0.000
4% Standard 11.100 0.700 470519 3.000 U | 0.000
5* Standard Intity 0.000 337613 3.000 U [ -2.000
6* Standard Infinity 0.700 470519 3.000 U [ -2.000
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T* Standard -11.100 16.930 336611 3.000 U | -2.000
IMA | Standard -13.400 - 336611 12.600 U | 0.150

Table 1: Zemax® design parameters corresponding to layout of Fig. 7A

Surf:Type Rad1us Thickness Glass Semi-Diameter Conic
OBJ Standard Infinity 100.000 178.337 0.000
1* Standard 7.800 0.550 377571 6.000 U | -0.600
2% Standard 7.000 2.970 337613 6.000 U | -0.100
STO* | Standard Intinity 1.500 337613 2.800 U | 0.000
4% Standard 11.100 0.700 470519 3.000 U | 0.000
5* Standard -22.000 0.000 337613 3.000 U | -2.000
6* Standard 22.000 0.700 470519 3.000 U | -2.000
T* Standard -11.100 16.930 336611 3.000 U | -2.000
IMA Standard -13.400 - 336611 12.600 U | 0.150

[0041] The degree of mutually-caused applanation (of the facing each other surfaces II, III of
the embodiment of Figs. SA, 5B the parameters of which are listed in Tables 1 and 2) as a function of
force applied to the lens surfaces is shown in Fig. 12, showing a substantially quadratic response of a lens'
surface.
[0042] In a specific embodiment in which surfaces /7 and /I possess prolate asphericity in the
unstressed state (as schematically illustrated mn Figs. 1A, 1B, 2B, 5A), parameters of such asphericity are
judiciously chosen to increase the etficiency of operation of the IOL 200 by taking advantage of natural
miosis, as compared to the case when surfaces /7 and [/1 are spherical, for example. Miosis (pupillary
constriction) accompanics cyc-lens accommodation to a near object. Duc to the very shape of the prolate
aspheric, the central portion of the IOL 200 located very close to the optical axis 130 has icreased optical
power as compared to the outer, peripheral portion of the IOL. When the pupil of the eye 1s constricted
during near-distance accommodation, the clear aperture of the eye corresponds to only the small central
portion of the unstressed lens, where the maximum curvature occurs 1n the prolate asphere, while the
contribution of the peripheral portion of the lens having lower power contribution than that of the utilized
central portion 1s not utilized. Conversely, during the long-distance accommodation of the eye with the
IOL 200, the clear aperture of the eye 1s larger (due to papillary dilation accompanying such long-
distance accommodation), while the mutual tlattening of surfaces /7 and /77 in the area 610 of the IOL 200
(which 1ncludes both the central, axial portion of the lens and at least some of the peripheral portion of the

lens that) reduces the contribution of the area 610 to the overall power of the lens. Accordingly, the

amount of force that the ciliary muscle has to apply to achieve a certain degree of accommodation of a
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embodiment of the lens two facing each other surfaces of which are prolate aspheric 1s advantageously
smaller that that required to achieve the same degree of accommodation when the surfaces at hand are
either spherical or, generally, have a shape differing from prolate aspheric. Fig. 9 illustrates a dependence
of accommodation power and a degree of applanation in an embodiment of IOL 114 as a function of the
equatorial force applied to the haptics of the IOL 200 having optical, geometrical, and material
parameters discussed above The data presented in Fig. 9 were calculated the formula 1s based the closest
fit curve to a finite element analysis model, which follows the general form of "Applanating Force = A*®
(Applanated Area)™ ; here, the factor A incorporates both the modulus of elasticity of the material of the
lens and the curvaturc of the opposing surtace. The percent applanated arca 1s substantially lincarly
related to the percent lens power. The assumptions used in such assessment include: negation of the lens
power contributed by the mmer opposing surfaces of the IOL over the applanated diameter, and a
negligible change in surface curvature of the outer surfaces of the IOL.

[0043] In reference to Fig.11, a flow-chart illustrating an embodimment of the method for vision
correction 1s presented. The embodiment includes installing, mn a required order, first and second
individual lenses 1in a capsular membrane of an eye at step 1110. The implantation may optionally
include folding the IOL, at step 1110A. It 1s appreciated that material composition of IOL embodiments
of the invention allows the IOLs to be folded and inserted into the eye through a small incision (which
make them a better choice for patients who have a lustory of uveitis and/or have diabetic retinopathy
requiring vitrectomy with replacement by silicone o1l or are at high risk of retinal detachment). At step
1120, the so mserted mndividual lenses are unfolded mside the eye such as to place each of the 2D-curved
haptics of these lenses in mechanical cooperation with ciliary muscle of the eye.

[0044] The unfolding 18 followed by orienting the lenses in a capsule membrane of the natural
lens of the eye such as to position the corresponding prolate aspherical surfaces of the first and second
individual lenses to face cach other, as step 1124, The posteriorly located individual lens that has an
outer prolate aspheric surface facing the cornea 1s placed such as to be separated from the cornea by the
anteriorly placed individual lens. Each of the first and second mdividual lenses has a set of haptics
structured to be affixed to one another (optionally - via a rotational movement about an optical axis of one
of the lenses) at step 1128 such as to form an IOL m which the individual lenses are i a physical contact
at an axial point of the corresponding prolate aspheric surfaces and in which the haptic extension
elements of one individual lens are passing through the locking notches of the recerving haptics of
another mdividual lens while portions of these extension elements (including the ends of the extension
elements) are rested 1n the mterlocking grooves of the receiving haptics.

[0045] The formed IOL contains (1) a central optical portion that has an optical axis and that 1s
formed by first and second optical elements that have respectively corresponding oblate aspheric surfaces
in contact at their axial ponts and (11) a set of flexible curved haptics, each of said haptics having

proximal and distal sides, the proximal side being integrated with the central optical portion along a
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perimeter thereof. Either the step of unfolding or the step of mterlocking may be accompanies with
juxtaposing the flexible haptics and the posterior surtace of the posteriorly positioned individual lens
against an interior surface of a capsule membrane of a natural lens of the eye such as to place distal side
of each of said haptics in mechanical cooperation with the capsule membrane.

[0046] Embodiment of the method may include step 1130, during which an areca of contact
between prolate aspheric surfaces, of the IOL, that are facing each other internally to the IOL 1s changed
as a result of transmitting a force, applied to the mterlocked haptics, centripetally to the equator of the

IOL and transferring at least one of the equatorially and axially pressure formed by such force. The step

imposed on one another by the immediately adjacent individual lenses of the IOL on as a result of which
a change of focal length of the IOL 1s realized. In particular, such change can be effectuated, at step
1130B, to a higher degree 1n the axial portion of the prolate aspheric surface than in a peripheral portion
of such surface.

[0047] For the purposes of this disclosure and the appended claims, the use of the term
"substantially” as applied to a specified characteristic or quality descriptor means "mostly”, "mainly",
"largely but not necessarily wholly the same" such as to reasonably denote language of approximation
and describe the specified characteristic or descriptor so that its scope would be understood by a person of
ordinary skill in the art. The use of this term neither implies nor provides any basis for indefiiteness and
for adding a numerical limitation to the specified characteristic or descriptor. For example, a reference to
a vector or line being substantially parallel to a reterence line or plane 1s to be construed as such vector or
linc extending along a direction that 1s the same as or very close to that of the reference line or plane (for
example, with angular deviations from the reference direction that are considered to be practically typical
in the art). As another example, the use of the term "substantially flat" in reference to the specified
surface implies that such surface may possess a degree of non-flatness and/or roughness that 1s sized and
expressed as commonly understood by a skilled artizan in the specific situation at hand.

[0048] When mtegrated for operation, the 10L assembly sits within the existing lens capsule
following cataract extraction, and 1s operable by mechanical axial compression and radial elongation
crcated by the zonular tension (just as a natural lens works, with the same neurological teedback control
actuation). Internal, facing each-other surfaces of the lens assembly mutually deform to change an
overall optical power o the assembly and subsequently accommodate the assembly by concentrating both
the force of existing capsular axial compression and radial elongation to small internal surface area which
deforms to create the power change. Two or more mterlocked-through-haptics mutually-deforming
deforming lens clements, forming the assembly, cticctively combine the total physiologic force available
from axial compression and radial elongation. Lens elements can be mserted to the lens capsule

separately and coupled (interlocked) internally.



CA 0294101b 2016-08-26

WO 2015/134058 PCT/US2014/050318
17

[0049] Disclosed aspects, or portions of these aspects, may be combined m ways not listed
above. Accordingly, the mvention 1s not mtended and should not be viewed as being lmited to the
disclosed embodiment(s), and certain modifications not changing the scope of the invention can be made.
For example, and 1n reference to a specific embodiment depicted i Figs. 1A and 1B, 1t 1s not necessary
that the individual lens at the front (Iens 126 1n Fig. 1A) has haptic extension elements while the posterior
individual lens (lens 128 m Fig. 1B) has haptics with responding locking notches and mterlocking
grooves: the types of haptics can be reversed such that 1t 1s the front lens component in the IOL system
that has a haptic containing notches and grooves, while another individual lens component 1s equapped
with corresponding haptic c¢xtension clements. Similarly, while (both) individual lenses on the 10L
system of the mvention have been depicted to lenses of positive optical power, the scope of the invention
and the principle of operation of the mvention does not change when at least one of the mdividual lenses
of the overall IOL system 1s a lens with negative optical power.

[0050] Moreover, the scope of the invention is not limited to any specific shape of the lens. As
non-limiting examples, either of biconvex, plano-convex, plano-concave, biconcave, positive meniscus,
and negative meniscus lenses (optionally modified to provide for prolate asphericity of the mutually-
deforming surfaces, as discussed above) can be employed to implement an embodiment of the mvention.
It 1s also appreciated that a different number of individual lenses (three or more, for example) can be used
to form an interlocked embodiment of the IOL in a fashion similar to that disclosed above, the
accommodation to a near-distance object m such IOL being effectuated at least partly due to the
applanation of the mutually-deforming, tacing each other surfaces of the immediately-adjacent mdividual
Ienslets.

Alternatively, a train of optical elements from which the overall IOL system 1s formed may include an
optical element possessing a substantially zero optical power. An example of one specitic embodiment
1300, m which an e¢lement 1310 1s positioned co-axially with and between the individual lens
components 126, 128 1s 1illustrated in Fig. 13, without the showing of optional corresponding haptic
clements, for simplicity of illustration. In this structure, the optical surfaces are labeled sequentially,
along the z-axis (a direction of propagation of light from an object), such that the anterior lenslet 126 has
surfaces /, I7; the element 1310 has surfaces /77, IV; and the posterior lens 128 has surfaces V, VI, In this
implementation, the element 1310 may be characterized by, for example, slightly negative optical power
or optical power that 1s substantially zero, and be made from a soft material such as silicone or collamer
material having a modulus of clasticity that 1s at least an order of magnitude smaller than that of
neighboring lenslets (which, m turn, may have different moduli of elasticity as compared to one
another). The moduli of clasticity for the various materials may range (but not limited to) between about
1000 kPa and abut 1 kPa. These parameters are chosen to provide for a modulus of elasticity of the

clement 1310 that 1s lower than moduli of elasticity of the lenses 126, 128.
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[0051] Furthermore, 1t is recognized that, generally, a given individual component or lenslet
of the overall interlocked 10L system may, in a specific embodiment, have a complex structure such
as, for example, one of those disclosed in U.S. patent application publication nos. 20140257479 and
20140257478. As a non-limiting example and without loss of generality, an individual lens component
of the present embodiment 200 can be structured to have an optical portion configured as gel-based lens
discussed in 20140257478 in reference to Figs. 1A and 1B therein. In this case, an individual lens
components may be structured as a lens having a (i) first rotationally symmetric optical portion with an
optical axis and a focal length and defined by a first oblate aspheric surface and a deformable prolate
aspheric surface, the optical portion operable to gradually change the focal length in response to
deformation of the prolate aspheric surface; and (11) first and second flexible haptic wings, each having
proximal and distal sides, the proximal side being integrated with the first rotationally symmetric optical
portion at least along a perimeter thereof, such that said lens is dimensioned to be placed, in operation,
in mechanical cooperation with a cihiary body muscle of an eye of a subject such that, in response to
tension applied to a at least one of zonules and capsular membrane of a natural lens of the eye by the
ciliary body muscle, a curvature of the prolate aspheric surface is changed substantially without axial
repositioning of said lens to cause a change in the focal length.

[0052] As another non-limiting example, an individual lens component of the present
embodiment can be structured as a fluidic mtraocular lens with flexible interior membrane discussed in
20140257478 1n reference to Figs. 9A, 9B therein. In this case, an individual lens component may be
structured as a lens comprising (1) a first rotationally symmetric optical portion having an optical axis
and a first optical power, wherein a first volume of the first rotationally symmetric optical portion 1s
defined by a posterior curved plate having a first perimeter and a flexible membrane, said first volume
being filled with a first fluid having a first refractive index; (ii) a second rotationally-symmetric optical
portion co-axial with the first rotationally symmetric portion and having a second optical power,
wherein a second volume of said second rotationally symmetric optical portion 1s defined by an anterior
rigid curved plate having a second perimeter and said flexible membrane, said second volume being
filled with a second fluid having a second refractive index, such that the posterior and anterior plates
being integrated with one another along said first and second perimeters and such that flexible
membrane are sealingly affixed to at least one of said posterior and anterior plates at least one of the
first and second perimeters such as to prevent dispensation of any of the first and second fluids from a
respectively corresponding volume of the first and second volumes; and (111) first and second flexible
haptic wings, cach having proximal and distal sides, the proximal side being integrated with at least the
anterior plate at least along the first perimeter; said first and second optical portions being operable to
gradually change at least one of the first and second optical powers 1n response to detormation of said

membrane while the anterior and posterior plates substantially maintain their corresponding shapes.
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[0053] Examples of Embodiments for Non-Ophthalmic Use.
(0054 ] Figs. 14A, 14B, 15A, and 15B illustrate schematically in side and front views an

embodiment 1400 of a vaniable-focus lens system structured and operable according to the idea of the
invention. Here, the system 1400 is shown to include a train (array) of individual lenses 1410, 1420,
1430, 1440 disposed sequentially and co-axially about the axis 1450 within the housing 1460 that i1s
equipped with an appropriate stopper element (not shown) at the front portion 1460A of the housing 1460
to keep the lenses within the hollow of the housing. The individual lenses are made, for example, from
materials discussed above in reference to [OL-related embodiments of the invention. As shown, each two
immediately adjacent lenses are abutting one another at a corresponding axial pomnt such that the
mutually-facing surfaces of these two immediately adjacent lenses are in contact with one another at an
axial point. For example, surfaces 77, 1] of the system (respectively corresponding to lenses 1410, 1420)
are in contact at an axial point C, while surfaces V7, VII of the system (respectively corresponding to lenses
1430, 1440) are 1n contact at an axial point S. Optionally, at least one of the surfaces in a pair of
mutually-contacting surfaces of the lens system 1400 is a prolate aspheric surface. For example, at least
one of surtaces 1/, /] has a prolate aspheric profile about the axis 1450.

[0055] At the back portion of the housing 1460, an actuating piston 1470 is mated (as known in
the art) such as to allow for application of pressure to the train of lenses as a result of movement of the
piston 1470 along the axis 1450. Figs. 14A and 14B illustrate the embodiment 1400 when the piston
1470 1s in a neutral position defined by no interactive axial force between a lens of the system and the
surface of the piston. Under these circumstances, as seen in the front view of Fig. 14B, there is
substantially no applanation of any of the internal surfaces of the lens system. In operation (and 1n
reference to Figs. 15A, 15B), the piston 1470 1s actuated along the axis 1450 - for example, in the
direction indicated by an arrow 1474 such at to apply axially-directed pressure to an individual lens of the
system 1400. It 1s appreciated that, depending on a the piston 1470 can be specifically structured, as will
be understood by a person of ordinary skill in the art, to apply pressure to either the outermost lens 1440

(thereby creating a force F directed along 1474 and axially-compressing the combination of lenses 1410,

1420, 1430, and 1440), or to another lens in the system. (In one specific implementation, for example, the
piston 1470 can be structured to apply pressure to lens 1420, thereby axially compressing the lenses 1410
and 1420 such as to applanate the mutually-facing surfaces //, /11.) The compressed actuated lenses 1502
are represented in Fig. 15A. In the general case, however, as shown in Fig. 15A, the piston 1470
compresses the whole train of lenses of the embodiment 1400 by applying axial force to the lens 1440.
As a result - and as a function of the strength of the axially-applied force cause by the movement
of the piston 1470 - the facing surfaces of the immediately-adjacent lenses mutually deform each other,
as discussed above in reference to Figs. 5SA, 5B, forming axially-centered applanated areas 1480.
A progression 1480A of such areas 1480 with radi R; increasing as a function of increasing force F
1s schematically shown in Fig. 15B. The applanation 1480 of the lens' surfaces is reversible and

repeatable as a result of repositioning of the piston 1470 in an opposite direction. To this
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end, the lens material works as a spring reversing the actuation of the lens 1 proportion to reduction
actuation pressure at the piston 1470.

[0056] In one specific implementation, the housing 1460 1s a cylindrical construction made of a
rigid material (for example, metal) while the actuating cylinder of the piston 1470 1s made of an optically
clear material having a modulus of elasticity of more than 1,000 kPA (such as poly-methyl-methacrylate,
PMMA, for example). The first lens 1410 1n the series of lenses may be also made rigid with a high
modulus of ¢lasticity (such as that of PMMA). The remainder of the internal lenses (as shown, lenses
1420, 1430, and 1440) are constructed of a much softer material such as silicone, acrylic, or collamer
having a modulus of clasticity within the range of 0.1 kPa to 100 kPa. The mternal applanating surfaces
are compressed between the rigid piston 1470 and rigid lens 1410. The internal opposing lens surfaces
are applanated against each other thus progressively negating the optical power contribution of these
surfaces to the overall lens system 1400 as the surfaces applanate over an mcreasing diameter, as shown
mn Fig. 15B. Optionally, the internal immediately adjacent opposing lens surfaces are constructed in a
prolate aspherical manner so that 1) to increase the sphericity of such surface as a result of progressive
applanation caused by the the mechanical compression due to force F, beginning at the apex of a given
surface; and 1) to minimize the discontuity of spatial transition between the applanated portion of the
surface (centered at the axis 1450) and the portion of the lens surface encircling such applanated area, and
assoclated optical aberrations. The materials, thicknesses, and lens surface curvatures are judiciously
chosen such that the progressive "stepped” or "staged" applantation of the serial surfaces approximates a
spherical lens over the entire amplitude of lens power. In other words, at least one of the adjacent
opposing lens surface m question 1s defined such that, during a process of increase i a diameter of the
applanated area in response to increase of force F, optical aberrations of the overall optical system that are
caused by changes 1n such diameter are minimized.

[0057] Figs. 16A, 16B 1llustrate a related embodiment 1600 structured to form a high-amplitude
(from zero to about 20x) zoom lens. Specifically, the optical train of the system 1600 1s formed by an
axially concatenated lens sub-systems 1610, 1620 such that the optical power of one subsystem has a sign
that 1s opposite to that of the optical power of another sub-system. As shown in the example of
embodiment 1600, the sub-system 1610 having an overall positive optical power includes a plurality of
individual lenses 1612 at least two of which have surfaces contacting each other at an axial point in
absence of axial pressure applied to such plurality ot lenses. The sub-system 1620, on the other hand, 1s
shown as a group of lenses 1622 possessing, aggregately and as a sub-system, negative optical power and
separated with a gap 1630 from the sub-system 1620. At least two of the lenses 1622 have surfaces
contacting cach other at an axial point 1n absence of axial pressure applicd to this group of lenses. In this
embodiment, lenses 1n individual groups of lenses 1610, 1620 can be actuated such that actuation of one
group of lenses 1s not connected with or affect the actuation of another group of lenses. For example, as

shown, this can be achieved with structuring the means for applying axial pressure to the optical train of
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the system 1600 as a combination of two pistons 1670A and 1670B, operable mdividually and without
mterference with one another.

[0058] Applanting variable-focus lens system structured according to embodiments 1400, 1600
arc able to operate within the range of accommodation of optical power of about 60 diopters. Negating
the optical power contribution provided by the six internal surfaces of the embodiment 1400 (surfaces
L 1V, V, VI, and VII) by the staged applanation reduces the optical power of the lens system by about 60
diopters 1f each of these iternal surfaceds contributes, on average, of about 10 diopters of optical power
to the overall optical power o the system 1400. The lens system requires mimimal actuation force of a
tcw grams and, m som¢ implementations, about 100 microns of movement to maximize the range of the
optical power. Such actuation may be implemented with either piezoelectric crystal or a conventional
pressure actuator (not shown for ssmplicity of illustration). Fig. 17 provides a flow-chart of a method of
operation of an embodiment of the mmvention. Here, the operation of the embodiment may be initiated by
either compressing a group of individual lenses that have been already pre-assembled, at step 1710, nto
an optical train or, alternatively, by forming such assembly at step 1710 to begin with. At step 1720, a
motion of an element of the lens-system harness directed along an optical axis of the lens system 1s
transferred to a lens of the system to change arca of contact of mutually-facing surtace of the immediately
adjacent lenses of the system causing, at step 1730, applanation of an axial portion of at least one of such
surfaces. Optionally, at step 1740, when the so-applanated surface i1s a prolate aspherical surface, the
curvature of the axial portion of the prolate aspherical surface can be change more than the curvature of
the peripheral portion of the prolate aspherical surtace (which encircles the axaal portion). Other matenal
and mecchanical parameters of the system and motion / forces required to operate such system arc stmilar
to those discussed in reference to ophthalmological embodiments of the invention.

[0059] These and other modifications remain within the scope of the invention.
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CLAIMS:
1. A pseudophakic lens assembly comprising;:

a first lenslet having a first optical power and a first rotationally-symmetric optical portion
that defines a clear aperture of the first lenslet,

a second lenslet having a second optical power and a second rotationally-symmetric optical
portion that defines a clear aperture of the second lenslet,

a third lenslet having; a third optical power and a third rotationally-symmetric optical portion
defining a clear aperture of the third lenslet and at least two third haptic portions, said at least two
third haptic portions being interlocked with at least one of

(1) the at least two first haptic portions and

(11) the at least two second haptic portions to define an axial point of contact between a first
surface of a rotationally-symmetric optical portion of the at least one of the first and second lenslets
and a second surtace of the third rotationally-symmetric optical portion, said first and second surfaces
being mutually facing,

said assembly configured to change an area of contact between said first and second surfaces
in response to a radially-vectored force transferred to respectively-corresponding rotationally-
symmetric optical portions through respectively-corresponding interlocked haptic portions;

wherein the first lenslet includes at least two first haptic portions, each having a proximal end
integrated with a peripheral region of the first rotationally-symmetric optical portion and a distal free
end;

wherein the second lenslet includes at least two second haptic portions respectively
corresponding to the at least two first haptic portions,

cach of the at least two second haptic portions including a notch and a groove therein,
said groove being dimensioned to accommodate a corresponding distal free end
therein, when the first and second lenslets are coaxially positioned to define an axial point of

contact between mutually-facing surfaces-of the first and second rotationally-symmetric

optical portions thereof,
such that each of the at least two first haptic portions is interlocked with a
respectively corresponding second haptic portion, of the at least two second haptic
portions, through the notch of said corresponding second haptic portion as a result of

a relative rotation of at least one of the first and second lenslets about an optical axis.
2. A pseudophakic lens assembly comprising:

a first lenslet having a first optical power and a first rotationally-symmetric optical portion

that defines a clear aperture of the first lenslet,
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a second lenslet having a second optical power and a second rotationally-symmetric optical
portion that defines a clear aperture of the second lenslet,

a third ]lenslet having; a third optical power and a third rotationally-symmetric optical portion
defining a clear aperture of the third lenslet and at least two third haptic portions, said at least two
third haptic portions being interlocked with at least one of

(1) the at least two first haptic portions and

(11) the at least two second haptic portions to define an axial point of contact between a first
surface of a rotationally-symmetric optical portion of the at least one of the first and second lenslets
and a second surface of the third rotationally-symmetric optical portion, said first and second surfaces
being mutually facing,

said assembly configured to change an area of contact between said first and second surfaces
In response to a radially-vectored force transferred to respectively-corresponding rotationally-
symmetric optical portions through respectively-corresponding interlocked haptic portions;

configured to have a portion of at least one of said first and second surface surfaces
applanated around an optical axis of the assembly, in response to said radially-vectored force having
been applied to said respectively-corresponding interlocked haptic portions;

wherein the first lenslet includes at least two first haptic portions, each having a proximal end
integrated with a peripheral region of the first rotationally-symmetric optical portion and a distal free
end;

wherein the second lenslet includes at least two second haptic portions respectively
corresponding to the at least two first haptic portions,

cach of the at least two second haptic portions including a notch and a groove therein,
said groove being dimensioned to accommodate a corresponding distal free end
theremn, when the first and second lenslets are coaxially positioned to define an axial point of
contact between mutually-facing surfaces-of the first and second rotationally-symmetric
optical portions thereof,
such that each of the at least two first haptic portions is interlocked with a
respectively corresponding second haptic portion, of the at least two second haptic
portions, through the notch of said corresponding second haptic portion as a result of

a relative rotation of at least one of the first and second lenslets about an optical axis.

3. The pseudophakic lens assembly according to claim 1 or 2, configured to increase an area of
contact between the mutually-facing surfaces of the first and second rotationally-symmetric optical
portions 1n response to a radially-vectored force transferred to the first and second rotationally-

symmetric optical portions through the at least two first and second interlocked haptic portions.
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4. The pseudophakic lens assembly according to any one of claims 1 to 3, configured to reduce
an arca of contact between the mutually-facing surfaces of the first and second rotationally-symmetric
optical portions 1n response to a radially-vectored force transferred to the first and second rotationally-

symmetric optical portions through the at least two first and second interlocked haptic portions.

5. The pseudophakic lens assembly according to any one of claims 1 to 4, configured to have a
portion of each of the mutually-facing surfaces of the first and second rotationally-symmetric optical
portions applanated around an optical axis of the assembly in response to a radially-vectored force
that 1s transferred to the first and second rotationally-symmetric optical portions through the at least

two first and second interlocked haptic portions, thereby reducing the optical power of the assembly.

6. The pseudophakic lens assembly according to any one of claims 1 to 5, wherein at least one
of the mutually-facing surfaces of the first and second rotationally-symmetric optical portions in an

unstressed state includes a prolate aspheric surface.

7. The pseudophakic lens assembly according to any one of claims 1 to 6, configured to reduce
at least one of the first and second optical powers in response to increasing a distance between free
distal ends of the at least two first haptic portions that have been interlocked with the respectively

corresponding of the at least two second haptic portions.

3. The pseudophakic lens assembly according to any one of claims 1 to 7, configured to have a
portion of at least one of the mutually-facing surfaces of the first and second rotationally-symmetric
optical portions applanated around an optical axis of the assembly in response to a radially-vectored
force that 1s transferred to the first and second rotationally-symmetric optical portions through the at
least two first and second interlocked haptic portions, thereby reducing the optical power of the

assembly.

CA 2941015 2019-03-18



WO 2015/134038

i

St

AR
AN

AR

CA 02941015 2016-08-26

PCT/US2014/050318

1716

J’I””J”I’IHII-W

R,

. ‘m
%‘\11‘1““1‘1\1“

e
\\‘. b

%

k
7

i

A
L.

WA TT IS Bl VLT LT, T BT Tl Tl Tl EL LT R TS t.r.r}.r.r.r. B AL T SIS A Fd Tl T I TS
s X e ¥

T
\ \ ‘\‘é\:‘\
: ,_ £
" eynh R TR . t e \\
Mf‘*“n\ q * \‘\\\.\ g \
i’hﬂ*“‘ - "\‘\‘\;\ b
Ve \ ~ A
N R A \-‘\\t\ N
- . -s“‘.
- c N : ) ;
-~ ) .
,‘a’w 3 on, &
¢ 5 v
»
..“' m—g-&\\\\u\-\s\\\\\&\\\\M\g&ﬂ*ﬁ-\&\nwnx\“\\\-\&-‘\“u\mm\w\-\\x&\\\x“\sws“a““
. w
o E
* o

,.
f
é
z
|

"\ 3
¥ N""-R“w-. . ,._a,..ﬁ-*"“""* et i %‘
’Qv:;:‘\. .\r'&tﬁ\\ ‘ Iy ‘_**u-ul-."" \’\;%
’. "
Lt i }L : *
BN

ey

f ; LN N
i\\ ] »‘t\\\-_\lﬁf‘ 3 3 }
\ \ 0 :
f \ f o ' N
,,1’# } » M b ‘6\9
3
s
&
o

) . T
R e \
‘w\\k\“\t‘“ TR
o ooy "o
4‘?. \ﬁ\.\“‘“‘-‘*‘
¢
:

»
<
N".,
Yoy,
"y
B

Wy
e

5
SR

.,
=y

FT T ITE VR VIFFPIIEe e FTLEITD Fd Wil LI "l FTIEPAIT G Fud FPIELED WP VNI FEFE, e ’.’”’I‘-{’J ”,
KA

$ AN
\“6"‘ \ b 0":’ '
et R T XT AL TN S 4,,,',/ ‘3"
x -.-o'l-"-’“"‘ e A oo’
: .@.T“""“. % i “"""\:\\ d“',":" ?*
RN, " L N Wy . 3254:-* o
| ; -35"""‘. i

- 1‘".‘@%.4’

S N
oy \‘ - amm S
‘-'lWI\1““1““1\\\11‘1‘1“1‘111 111‘1“\\11“111““111“1“\11’5‘::3‘, “‘ﬁﬁ‘-
]
Fa b ‘ 3
S o
\V.'“\ . # .
“\

o ke
N N

*h‘ﬁ'*
/
/
7
4
f
y
}
-,

v
;
?
i
s
%
f
:
3
3
)
-

7
/

N

- L aaiiniid ""'th.
é

ANOTR
! k)
g P o . “@
g o
PSS R,

VLTl P FLLETELS Vi FLTFLEL AT, (BSOS LP T ) TFLFT TS Pl CTELIF, VT "FLTFL Tl ¥ ”II’”

11t

TOWARDS

’MIM”MI””’IIM
Cd

SUBOTITUTE SHEET (RULE 26)

J
p

”
A
,ﬂvrirmrw""w#rarwa’wrwrwc#r&rrr”a’rr'rwwarrm"wra'wd"/

APONNONS
»o »
& . Y

g -
N
:
:
S
3
:
3
[ 3
1
E
k
:
N
k
:
.
E
.
k
s E
g
LU .
§
¥
a'"j
#.Q

o

S,
\\
¥
:
k
E
k
:
3
.
:
[ 3
k
:
:
E
k&
4
s
:
.
:
.
:
.

{

E &W

o
ﬁ-&

o

7|

7

.'.-”"""-'ﬂ"m""m""."'m«"'ﬂ'".’F'"W""C‘r'""f"""'""'m'



WO 2015/1340358

‘ N
\\%‘ R

g \

R

SRR

2/16

CA 02941015 2016-08-26

PCT/US2014/050318

g

N

»

-
h\% T Nu N N N N N N N Nt N b N N A

[ g8 = N = 8 &

'
;
\
L1 \\\m
S * e
- LA : . N
R X § TN
"“Tﬂ.“ 2
\\ - \J
A SRR \\ \ \ :
- \ h ,
s A 5
N ;
- \ i :
\ \
Q A : A
N ; : 3
\ } : A\
y . N,
% .
A 3 3 \
\' i‘.’*““ p—_— .11-..\5;\\\\‘\1\.\\:3". ‘_::;I: AMMEE  LLEMLE CKSER MLESGE AKSER LLAMESA JRRmAT mnlms amams s GGmmmt KW ALmas LA .
N e : T b R
: -‘c‘*‘“ e \\ A ‘\\h\"\\ \ &
N et "W, \ N
E’ - _“‘-.{\.:.\\\\\“\\“\\\\\\\\'\\“\\\\\\\\\\ “\\\\\\\\\\\“\\\\\\\\\\\“\\“\\}k‘t‘\\_\ 2 a‘
\ .‘.ﬂ. . \ : i - \ \ \
R v \ 2 " N X
\ .-v"‘ ’ \ »
b - \ \\ d )
) " N\ .
Sk W ‘ i \ "Nod R N
\'%\Q ' .‘* ‘*‘**““?"’"-"""-""'-'-"'"-"'"-'.’"-'- T . "'-"'"-'-""'-"""-""'-'-"'"-"'"-'."'.'.':5"**\\\ % \ xg - \ ‘
> - - N v i X W Py - a
i\ § Ul \"\"\ k. - . oy \ : S G a
) oo ‘bsp \\7\\. : -‘«‘*"‘ﬂ N ot N
L S b RN K \ \ anhe ™ \\ il o ¥ & \
i » LN : \ ! y S i)
o Iy s T g an e L e \'5" ',". N AW
e oD AR A S S ST wma, N N N nCCERL
& S anrA \ Rl SO - SONL X \
¢ .O ‘ﬁ . \ .“A“‘ﬂ , . ":\\\ R .q,:.o \‘ ¢ \
5 ~ § Wow et g fa S e o \ 7 N
~ oy S » ; - »
‘g ‘. \’:.\-:‘}\_}I-;\ *&\\\\“\\“\\\\\\\\\\\\\\\\\\\\\\ \“\\\\\\\\\\\“\\\\\\\\\\\“\\\\\\h\?::::':::* .93@'@"\ \\sc’\t s
v » N ‘3 & X
s N e \ 3 A
.\ 4" y\\ . N * . g N
o $ Ny Sl W N
S P N : coaenn : N \
\M\‘-\\.“ + mﬁa’(\‘{111111.111“1\1\111111.1“1\1111111\‘1“111\111111111111\1\1\1111111“1\1:“ S \ 36‘& ;‘
> . )
e ‘\\\\ i o ~ :
e e a

* ey
‘\.. N
™ e S R ) ._n.‘b“*. \
uy \\\\. " L ey -
Y

- .
LA \“1“““\ (LA L N N AWM R LA L N LA R R AN LER W, AL R KA LA A N J PRARS (L R 8 8 N LA L N LA R N g LA A L N LA W A8 L N ..Qs...ﬂ L A

g, N
“rees S
LN

[LAAN LY

R TS PN, W WSS, B NPT P VTSNP W

e

g;_‘h

n .\ﬁ.‘\‘\“‘\\\\\:
\
N
\
~ )
P
E s
L3 b
i‘ Loy
N o
¥ oo \
N \
b
: ;
. N "
NG : 3
Ry ; ¢
3 &
WY LU \c\\itﬁm-gm\m‘\“\ ) #
~ i .q..ﬁ‘)‘ ‘: R \\\ \\\\\‘\‘\4
“ e o, .

XN N Py
)
/
;

\‘&% i

e
. L
o ,-

N \
N '\
N
= \
y h
S A
: ) \
: AT ' }\ Wamasnt® i\ };
4 e - ~
: s b S
\ Y % \ ‘ m
N . Y y
N \ 13 N S .
. b y \ o R
\ H] ) ] N ~
: a S
b b h
T AMERRERTRRE AR ATRTERTRRR AR MRTRMORTATRRT t\\\~ SRR AR CETIETERTRERR R MRMARTATRTRAT AT ATRTERERTR AR AR ATRTERTR R h\\ TEERATRRY ; : \ &\ ~
N a \ ™
- » \ . \
- \ X >
? 3 ) s \3\‘\“\
N
: ! : H i
) \ u ]
: ; 3 § N
N 0 4\ » " S
b 0y - a
: .,. ¥ I
» y 3
1 * N
* t’ \J :
N ¥ ) >
N Q. : ¥
N ¥ - » ot
» g »* & N
N ¢ 4 g N
A L) ’
: s N E
; 4 A N 7
: .o" : A L
: < %
. ‘.. \
N ‘... N
: \ - 3
n . ] o 9
\\\ Vil \\ : *.‘?o S . ‘4.
\\\‘7\\ \\\‘\\ : ' avte® = & o
3 \\‘r‘\\\‘\\._‘“._::;\\\‘:.\ggrs*xﬂu "‘\\" .\{
- a 1\
&
...“ : DA
f :
N 5
\ R
QAR
\\\\‘\»
A% %
SRR

SUBSTITUTE SHEET (RULE 26)

N

£ Ny
;h\\w
Pran R T
U

Nodhaa



WO 2015/1340358

3/16

CA 02941015 2016-08-26

PCT/US2014/050318

W "
AN T YA
+". N E {1.
~ -
& oA
Q‘.'
&
Qe
»
»
194
A o
b A %
¥
SRR ARTYRY R R RN .“5’
Y ‘1‘*".1“‘ ' ‘“\'“\ s q.do.
.‘.;1“-0 \\\ - #..wtg..\\‘ " ‘.‘.-1-.
-=r o
o * \{\
1‘~.‘ : \\
C g
O ,
J LS NN W \
{ .,.‘\*.‘4-‘“‘.'.1‘*“ \“*‘\\‘\\\\K\\\ $
' A0 +
t\hh Ay - b e
LR \ o \ : .
Nt \"’“ : 32 b.\\\'b a ¢
- -
- g*‘t - \“ ¢ b \‘» * \\ \‘- ‘““‘?\‘ .
\, - \\\. \. ‘
%\.\ ﬁ.-q.ﬁ"‘ X bq
3 ‘,.o.*. o+ . » Q
s TS L :‘: L e X ’:‘: \ a 3 §\§
‘\“\ - )
3 \\\\\\ E \M\&“"\-‘-‘*‘ o *
A ‘ \
. .
§ \*\
\
\
kY
A
H
N
\
X
"
b

| A FATFOVFEFrFresr  F TOUFFSFFEri F) FrETrFrecresresreroerer f‘" EEEFETL Fd FEFrFrIFEre FrFrFFrFvrer T TEFFFFs Fa reEroerecs re "".:"."l ‘i K

~.
d.'*
&
&
4?:. W .
A, T
» - § 8
e o ¥As N
PR o
& »
\ 4-"’.*’ § +"?’
) . Ca -
gl ‘ \\ 40‘*.‘0 ;«0‘1‘
3 “ A AR RR WA, : ‘q;l‘ Y
) R et By : - e, . T ;1
h ‘h,¢ ::.E. N \\. 2 \\\\“w'.t.'“‘““‘ﬂ* }
" 3
f: 5 ; - ¢¢’
L i = P,
RN h \\ : .1'.'1‘1 T s \
\\ 4“ \ L X . \‘*? : \
"= {. i T : N d
} - nt\bn RS- Y o % TR W
Ny b . R N
& \ N ..*.‘ e §
R ¥ b " A L
3 M st A e
- e .
i ‘\\\\‘"“‘“1\111\\\\*!“‘““ .‘3
\\ o’“"."‘
\\\\ ot -j"
\\"\\ m"."*
TRy e
e “\"-th\ - TR w.\‘“*‘.
N
nE ane e
e 0
|
SRR
R
AR W e e
S s R "‘\“\\
" L ] »
- TS e &
" \ & R ™~ WA
oo \ & R \ R
- e bf QAN e }
»* » &
< v S K
. - ‘F g \ ’.’
s & \ S i
. * .a ‘l\. - *.0
{"“ "‘v ". "‘\ i \
» o & - N
2 P o
o N " ot ) \
s N > Y
) o A »" N \
¥ \ 5
s R N
5 s
> s \\
] \ & 3
4
5 AN SN AR 3
> ¢ N SN RN :
B \ & ~ h\ i
A § E 3-\ "‘
. 4 Ao
\" “% ? \ :. . '.i
o &\ N 5\
v oo o %8 \
% A }. N

o7 Y STE WA AN b L

. -

o ‘ot 'ﬂ".p
()

.w..v.lv.wr.,% T X T TR N .
v
/

S
"
)
1)
}
SN N
x\h"% ’
\- 5_ 2
WY N ;
a

\
A s
\ {
AR TR ST M TTERE AR AR ETRETR. AT A MR TR R RRT W FUOMBETET TR AT B TR ETRR R R AR TR TR AR TR TR TR WY e %\m AT  JETRBRTIR R RRT WY WA TR w‘ ATRE R M TR AT MM RETE TR TR AR M AR TR e v\*-.\m‘ T “"‘ku't
™ k
\ . . * .
b . X K 'g‘
: : s X
\ : : R CUCTE A AN
. » \
! .
N\ . 3 K
. . N & 2
* N :
. : *
\ s 3 L A t““\“\“&\\ 4" :
\ 3 ¥
» h
&

B oL
_, 14
) ) _. N »
} RIS
"‘
.
0“
-
o‘**".

SUBSTITUTE SHEET (RULE 26)

.’?j’”
Y ”’:::::

.
N
.
N
n
\
N
E
\&mcmtuummtgmutcmuu}
\ -
N
»
Gl
3 ¥
\ ¥
»
8
x
=
e
[y
R
Rk
e
[
&
k
=
: b3
[ »
: R
R L L LT L LT L L, L LT L \h



4/16

2

FUWARDS
RETINA

CA 2941015 2019-03-18



5/16

CA 02941015 2016-08-26

WO 2015/1340358 PCT/US2014/050318

g

N

’

\\\ TR T T T T R TR R TR R TR AR \:\
Y
£ ::
'Q” .\‘ L T : &\“‘ :
\ R e T a ALK y :
o, N a® ; ARSI ]
" h § .
- N
. A a
= ¥ .
: A .
. » .
h » .
. ' 2
‘
. ¢ 3
. ‘ .
: NS \
. J N
. ¥ .
b
: { :
h N .
] \, h
1
h
]
[ ]
=
L 4 M ) M M A LS & 4 M -} LA M M a3 LA & 4 MJ Ak M M & J - . R 4 M M LM A M b J LN M e AT W - WY LA & 4 M} Lk M M 8 LM a4 -} L4 ‘\ ‘t‘_‘_t‘._“‘ .
& = N i . TN Neba e & :
] ik . R S t
“ et : W v
% o 3 \\\-’\ =
% > -
“‘-‘\‘\g - - bl 8 S e : “
\ ‘\.“" & \\t : oy [ \\-‘ - \
y R ) N \ : NN
] »' N . [
» [ g h .
W v » P [ n
\ » v X . R ] DI
R\\\\ E 1; *“.. .?. - “*“‘hﬂn-.t.1“.';?1I‘I\"1111‘11“1‘1‘1111111“1‘1‘1‘\‘.11111“1\1I‘I\‘111111111‘1‘1‘11‘111‘1-;:.:&“17\:‘Lt\.tl..\\ ¥ { ] $ .\\
- o - : - X
& f. : w.“.‘Q 1“‘_'?‘ \.‘\q" “’.'"""""""".‘"‘““"""“'"""'"“"'\\"‘""""‘“‘““'"‘““."‘““.‘""""““'\;Q::\ b A
$nw - 'y . -t
- v . =i b s ™
E t” 0“4 $’$ﬁk“.~\\\“\\‘t\\?:t.....“ti...l.tt...l.t‘...t..i...[..!...t..!......‘...} ....t.......c....Lutmt;tmtttttntﬁ.tlttttg;..};.\.J"\""“-‘ ’4’ i *’i S
WY o o & 3 &
\ A o X . 4 \ .
TS ¢ S : $ oo
N b
) -: Iy Y . ' m -y
\ ; : A
\ i e » - an 'Y
\ 4‘ \““\t&“\\‘tt“.\ ..nmt\.nt..\.nt..‘n“-.tt..-.ttc.-.nt“nt....tt..u.lt..“ti.nm‘-lttlttlttn“..;;..‘;gg‘.‘““‘.&s‘-.“s\‘-“‘*‘ : \’
t \ .‘:"" a.‘b \\\ : .‘5“.‘ h A \\\'.\
W R 4 M ; o™ : =
. \ - i ™
§‘ \)'*'\ o T : ane™t .
e R it X RN, . IEPPRRCTE Lot Y :
| L % R} ARSRSs AR REn LARRR (A % % § W) L = % AN ashen (A 1 N N N (4 % % N N A A1 N K] ARG ES AR BRE®n M % %% N ARRRs L= % AN AL En m\*‘\\‘t:““\\*%‘. \ :
: .
' » .
. [ ]
b b
t 4. t
. 4 .
™ f 1]
Y t* .
b e M
b b
. \ 3
» .
“\ .
.
N E
. . :
on e N )
h
N .
AN :
& X ;
»
[ ]
+
.s b
& :
.‘511‘ PR RT h
. . ?
b : )
Y = u
v K
[ . P
I #
&
- et
N AN
. .
TN b e \
LN N 1
‘!\\:;,\*: Y
T RS Skt S ‘k\.\\w .{
h\" \r\\ s Sl :
S W ° ooy by
oy - :
N + 1Y
N § .
- x :
. N b
. A :
. 4 .
" Y b
. N .
- : b )
Y [N b
3 SN F N
4 LRV .
. \ "
WAL LWL AL WML AL, WL LWL NS MWL ALY, W WL LWL B ASLWLELW, LR WML W WL e W \\:::.‘m\&t\\\\}\‘“\\tL\\\,\\‘ ? E
N ™ : i y
% e . Wy, .
v Sl . s N :
\ q."'“ Y \\Cw :
\ = h -
" [ ]
\ G b g
] ..o:’"* . B :
; - : e :
\ - .
Y B ¥ o“‘" t \ L b
N 4 e PR o TR aey A \ .
\ s ;o et o, : o™ e P SR
N ¥ s S . - N N\ 4
N s & - T . o S L) :
. . by N ol N 1]
AV t -n-‘.. 0.. &*‘. ) \\\\\“ : -.\\-:b\““t‘ b : 0’:“ s " Ny \w
» - \J Aea e awe . LR RR AN \ ot .
h\\\ h » e \d A ““‘*‘m\“‘\\“\\ll 4 s .
t W* ' aamam PR . ik PR 05' . "
\ & LA i 'E N, o & 3 S oy
\ o ’ - ~ N : $‘ \
\ f Rt 3 \-Q\ - s . \\"‘\\ il oy N \ h\\
» ; . - [ : Lo ry " ' A
: $ ..5 s ey - }‘\“\.:“‘\‘\‘\\K‘\‘“\\\\\\\K\‘\“‘\\\\\\\.\\\“‘-\“‘\‘\‘\\“\‘“\\\\\\\K\‘\“\\\h\&ﬂh‘:}, 0 ‘:.é". LY N
] ¥ . < .  r
\ & : . a a:? # 0 A
\ & §\\ ™ - S » & \ -
\ \ o § S : 25 \ s ] S
\. \ - q..“ W .
, » N \
"‘cq e C . an S\
a Lot
3 ~—— . doon
\"\‘L . " - Ll
- e
[N N e e -, WL L AN O N L AN - WL L AL LWL L . AW - AL - AL L LA O N WL - R - AL L m“\““\ (W W Sy

<
L S
/

v

-e,.*.
"""."""'.""""."""".""l"‘."'."‘."‘.’".'".’".‘".’.’.‘.’.’.""'".’.""".’.""""".‘L

’*’
".
~

SUBSTITUTE SHEET (RULE 26)



6/16

CA 02941015 2016-08-26

PCT/US2014/050318

WO 2015/1340358

e
11177 \\\
177 \\\.,
7 (7

\\Qk

ui §g | 1y {[40)
113480 Wiad

v/ 3l

111117
11117

I
\\\\\\\

Vs

\ \\\\mm\\% e

\\\

\m T

-

i mﬁmmmmm 1¥ 4190

-
-

= 1JI780 WO

SUBSTITUTE SHEET (RULE 26)



7116

CA 02941015 2016-08-26

PCT/US2014/050318

WO 2015/1340358

| 40 | NOLIVEROHND)
CTRTELL

W ooy
| €y SNIOVE 03
TS

ponce Lo Mol %

EYE T THY SLINN $102/%2/2
TUILON S

.
aogecs
B B
e
Rl
N

o

=

N ™%
B ey
i W‘;

"""""""""

r
,
- v

"4
*

v
’

........
LN

e
000000

QQQQQQ
00000

i

i
-1-----,-----~-

3

1

i

3
3
3
3
i
3
3
. E— S—
3
3

-*---
\
1
\
1

\
A
\

— - -----*-

———

lllllllllll

- - - - - -

lllllllllll

- — . a— —— - - L L . S L T L . S . T S S S . L S L . L . . . -~

]
i
]
i
i
- -1-----}--------—-- -
3

S
1
\
1
\
\
"N
\
\
{
{
\

wanrnas e e s
\
1
{
1
1
I
\
1
{
\

-l
\
\
\
1
l
A
\
1
\
1
\

)
)
)
)
-
)
)
]
)
)
)
)
)
)
)
'a
E

— ———] k----

rmqm

1
3

\
N 3

\

1

- -

1

\

\

\

\

B L

(536} 00°0 140
WO0T T RGGNDR T ORI v

SUBSTITUTE SHEET (RULE 26)



3/16

CA 02941015 2016-08-26

PCT/US2014/050318

WO 2015/1340358

140 1 HOIIINSLNG
YW §'EoAd

80 7/1

{6159

. . . . . . . . s . . s . . 2 . . . . 2 S

n .
re Q
L] s, <
. .
. v
. -
. +
. .
v -4
s, * .
IRIR S
LR
-
' .
* ’
. .
g *
+ v
LR
’ e

AVH 431H) - 1

i
i
1
3

tdd

ki
&b

¢
m

d

BOUL
i

<

ooy Sooed

9
b

¢ ¥ % &5 & & € ¢

oo
-
=
oon
St
oo
w0%
E
s
>
2
&
S
o~

''''''''''

""""""""

+hiEy

uuuuu m-u-u---u-u.vu--!_
] b
‘ "
‘ [
H ’
" m
' b
H !
' b
“ ;
H t
“ |
. |
% »
9300 00°04 150
W G711 YWl
' S O T e e N _
“ ) ! w “ i
;;;;; ..illllminlul N B A A R B linl.“
| T “
.....
P C ) _
- - _
i ) ' : f
L L m
i ) ] H s
_ ) “ w “
i ) : ; ) f
“ _ i ] )
._ _..rlvlm.lwl.v.w
_ ) i B e A s .
f )

i
Rk Tt i St SRR
+ Tt b

I

i
*

g‘ -

4+

4:+

N

~

il

"""""

llllllllllll

o e e o o e

|
|
i
:
T

)
]
)
-

WYadvIl 1045 -4

SUBSTITUTE SHEET (RULE 26)



LUR LU AR AR R UV U AR R R N X%
L) + OO A R N N O]
AJUILA LN RANEIOOCIOONEINE IR I NIC NI ICI IS OO LI n
I ICRRIOOC T T T e e e T T e e e e e e e e T i e ey e a T e e T
RIS A A A A R R R R Y
IO K tr +r by yryrviveenann
A R OO0 0Os v , O O O M MRS
R RN ‘- -+ v Y Y T Y T Y YT YTYYYIYYYIPILTPILYTAYTYYYYYYYYTYIYCTAAAS LN
- v v v vy v v wow
(R - 4 B N yrvvewvo-wow v v
- . DO NGO v s v v AT v BOODOOODDOS
-
- '

-
L]

-4

9/16

CA 02941015 2016-08-26

O 2015/134038

N

O
' “ ‘e
R R0 TrTrrE L L EE A NS
“ DR MRS Y
TSI TN s BODDOODDS NS
R IR BRI
L) R RREREREIEREIO00C T AL AL L A,
R R R RSSO BRI
N BSOSO . ' . e RSO0
IR AR ERE E R RO s v et tr e e e e e e e e T e e e T e e e LI TR T TR I
444 AL AL AT AR PP L L PP L E PPt bt t T rrr bl Yy r Yy i T i YT YTYTYTYIYIYYIYYMARESS RO
R R A+ F P LA LA PP - - rYyvrvrvevevrvr v 4 B+ 4+ 44 44 44444+
At ' WO
R BAr - A e
DEREO000C
+ ..
+ .
+
LE L L L P, .+
OO e e B e Do B i o g B e '
I I T T I T I I R N + .
+ et ettt t T T T YTYTYTIrIYTIYTAYYYYY N Y NN +
DO ] ryrrrvrYTvTYTTYTeveww .
BRI T v e e v e
+ P+ At At vt rrrr vy
++ + P L P PP APy vy vy vy rr T YT YT YL ¥
OO IO R O A YT YOO
e e L N T T T T e T Y e T e e T e e .

LIS TR IR R R I L L I
PP PP PP YTy INYYYYYYY Y
LT R I I I A A R I
TR R A R e s s oo s

BRI 44ty vy YTy YTY Y-

. -
D) yrYycvvvvrvrvvevw
. ryryvvrvvw v -
~ - - - - -
A ey v ey vy e,
R
.
L)
.
. v v w o
0y LSO SO '
- |8 8 EN BN EN EENARTARLS bty rr vy
> NN NI NI N PN EEARARAD Yy
1 03 (] Eubae []
1 (] []
1 . (] -
NOCCN - -
LY
1 LY . -
LY .
' v uoaw - ~
44 44 4 s I N ENENEAEN
1% 4 +4 48 U O .
RN - . L)
1A Tala - aaln
.
I

v .

PN AN L.
apn v e
OGO M
.

’
L
L O
+

v 5

e

.

L

*
*
4

*

> >

- 0
LN 2
*

*
.
’
L

-, 2
L N 4

<

4 4
<
+*

+*
-
*

.
4
*

-
-
-
-
-
-
-
-
-

LN 3

-
-~

L)
L

- 0.0.0 “« b 4
* 4+ e
“«F + s -
- 0‘0 *+ 4+ 448V
.I.Q‘QQQ 0'0’0 “« N I‘I
L L L D D R | L]
LR TR R R L D L LU

LS LR 2 * 4 L]
L]

-

>

‘

.

W
*
*
*

.
>

+*

*
* >

L D B B I R
*

LI R O A

UL R L L O R

-
L g
LR
.. n

*
*

.
¢ .
.
d 4
*
’

4 4 vy vd bt whs
LR N B R
LR R R L I

eI

e b2 r e d e
€
Amm>e

L

.
4
L

s o v

.
*
-

4 2
*d
4
L
'00
*

L4

+*

-

*

+*

*

+*
’
’
’
+*
+*
+*

.
.
.
.
!.(
4 +
4
4 4
.
LN
- r
LA J
LR
"0.
> >
+* +
-
+*
-
*
L4
L J

*

(]
.~
DR

B N

TUVTITAA S TLTLT A R N e e

e e e e e e e T e e e N

P b bt

T L E b b
- 4 - v -

’
L
’
+* &

LR ) ey + B AN 4% 43
OO0 S . . e AN LN
ALt e rr e rr a4, + R
0 SAA At e R
. R R R0 PR )
s RAANRAAARRNOOSOOOOONT SO
Ls s mmm LR R R DR
R R R R OO aaaty
LA AN AT AL e e e e s e
BRSO et
R R R RRIOOOOIOns + . R
OO A OO R AL St
A e -ats
TR AR AN AL AR AR AP A AL L PP+ PP P At At by rrrr XX
LX) B LA A4 A4 44 44 A1 4"+ sttt vttt b v e
BA AL AR A LA AA P L+t P A v At sttty XXX
BRI OO OOOOODOGDOOODOOOOT v w-te
R RO T e %
R RO OO .
R RIS PE L L P T P AP A A b b .
OO0 OO OOSDOONAE
AT e T e e e T e T T T e T e T T T T T T T T T T e e e .
RN EODDE
0) RO O IO S e A A e S A L S RN .
) e T T T T T e T T e T e T e T T e T T e N T T e T e T e
. %) L AP AP AP AP PP PPt P b v r v rr Ty vy
> A4 A1 44+ ++ ++ 4+ 24+ttt trtrrrrrtrtavrrrrr+s
. A AL AL AL PP AP+ A+ A+ 4+t t vt rrtAvrsvrrrrrw
ORI RIDOODOOOODOOOOOONT O v
0 e T T e T T e e e T e e e e T e T T e e e T e e e +
0) AR AR AP A A AL P AL+ P+ A+ A+ P+t b vt b= b -
D0 R RO a8
A AOOOOOODONSOOOOOOOOSOOBOONOOOH At
0 R ERE AR IR Rttty + 4
> A4 41 4 44 44 44 44 4+ + =4 =24+ 4+ ++ ++ 4P+ P s 4+ttt ss s+ 4+
-n RO USRI I XTI IR I NI IEICIE I
's Attt T e e e e e e N
) R R EEIXEIOOOEOOO0OOeoe P EE L AL AT A
D S OO I OO
) At N A et A
> m b LR B A 44 A 44 41 43 444 444444 4P+ P+ 444444404 arada4a s .
OO0 R R X R RO O R EEER] 2
> h b R R R R R R R E R EE IO O R O R
. - ittt R RO R OO OOOLOOOT S OO
) raa s R e O O
D0 . ORI R e O i OO e
SRR R O I e R ORI
ALV - e e e I I SEN) r‘-\ n
(0 . . AR A1 4L 444 44 44444444 R R RREEEEEEN 0
S s SIS RN 0 TN BT T ST S ST O I S S S S i iy
. + SRR 5 RO e
OO L RIS “ R EEER X
R R R O ) . PRI ) R EEE
OO OO OO R “ R R RN
A . - O S . SR R R R IO e )
(0 L) 0 R XY
> Y . . . R R
0 . R Y
. - . AT TR
C90) . R
. R
atatet - I TS I I ST S SOy .o‘».n‘q‘
- PSRRI PR IOOOIOOOS 90) .
R 1444 44 44 4% 40818808
OO OO OO IOC N I .
R R RIS IO AR LN RN
R R R AR O
R A4 AL AN A4 ALA AN
R EREEREX AR
BSOSO Watit ottt N NN
R R RO [y
A LE 44 44 44 44 41444 4444444t a4sara+e4e
O OO SOOI IO N MU
MM RO R RO R IO
AR R R R R R A R E Y N

ﬁ

-n LA TR T AT AN

.

+*+ ++ 0

R RN RO
P T R I R S S A M MO s
RO
BV A4 4P+t tr vttt tt b rr vy sy s v rrrrvrw
DOUIOUUCUUOC RO AR A I
5 At e e e T N N s T e T e e T e T
> 4 b 1+ 4+ 4+ 4+ 4+ 24+ 4+ 4+ 444+ 44+
e A 4 =4 = 2 2+ 4P+ 2+ E P P AP by vy rr v s r s s rrrrrrrrrrevwow
. YO L+ s 4.+ 4 + 4.+ DO O R A A I A I A A M I I I I I T I I I A I M I A IR 3T Y
. et Al e et e Tt e e T e T e T e T e T T T e T T T e T T T e T e T e T T T T e T T e T e T e T T T e et e N
.4 .+ 5 OO0 e
. “rae L E P LA P AL ety
.4 + - Lr s P E L r e P 4 -
OO BOOOOOOOODONT
. .4 relr 1+ 4+ s+ 44 44 44w
P . RN te e Pr e s s e e ey
RN .4 P T+ s+ s+ 44 44+ +
- - . ROO BSOSO OOOONDON
) + e R
. BOCE PE AP LA LA b by
P EALA G AN e St aratatu R R
. ORI ) DO R IOOC
R - O Pr e e e
. . e O T+ s+ 44 44+
. . ettt OO
BOCE OO0
. + 4 - OO
‘e OO0
- it NOOOODONE
+ . BRI
. + 1+ s+ + 4 4+
N Rt IRICIDCIOE
+e et e e T,
. . +
.4
. e
.
.
.
-
.
-
.
-
.
.
»
.

-
»
- - -
LN
- L)
’. SR SE IR N U
» (] Y -
- .« n
b. ] osy“s
» (] BS)
- LR
b L] OE TR )
- .4 e
s - .
- - « e N
b [ SRR )
- - LR IJER)
' - - -~ alalw
- - L) LRI R
IR} - - TR )
- W L) .«
- W ' * et
IR} L) Y 3
- . LR + .
[ IR} - LY -« n Y
- - e v .
IR - .« N -
R O N 14+ N + .
- * ™ L + ST aa T
b - + 4 LRI NI
- EL | +*++ e .4 R
A b - + AU I
y 5 » - KT RN BOOOOTNOS
- [} [ 4+ 44 . + +* + e
- ] ’s “.‘.‘. “"o’o’o'«‘a -
» - b+ O e
- { - + «an IR
b X NRR] R RO R
. { - .« . v 4 e NN ad R
s e e R R A A AN A
- [} - R ) ++ +* 4
1 - LRI IR SR Y -
. { W RSO ER AR NN U IE SIS AN
. e w .
. { D] DR ML IS ORI
LR RER BRI N )
- { .« 4 + cc.o‘
- ‘ )‘ . LR DE XL MLC LN N
» IR TR TR IR X TR ) -
- { - RO )
b ' LTI T ) Y
- ~ - -
b ' EE IR I 0 B Y - L[]
- L) .+ - .« am
b - + LS
- . Val. - - .
13 - +* + \nu"q
- - ORI R R L)
b + AR IE R L)
% RO - Ve
- TN A At e
). .« " (]
'\
b
-
»

+* »

+* vy vew
1.4 4 v vyv vv vv v

?" .
L IR
IR .« n
\ D ‘v +
e T e T T T T e T T T N BT N S R e
bt c bt rr vy vy vw 4 b “ DODOLIOU N
trryrryrrvravae enm v . XX
.+ vvvvvvvvvvv\ ORI
M A A AN . - CEICENE IO
- v Tr YT Yrve v 4 LRI
A PE AP L ety + v - RO
ALt e e e L+ 4+ 44 4444+ 4 L 4N
SOOOOONODT OO e AN
RO LR R I I TR RO - v =" .-
PR B2 A b a4+ 4+ 4+ 44+ 4+ OO e n
UL AU O I I IR I IC I -
SR R R OOOOOOOLOLDOOOOOLY .
R R A IO OO LR
R EREEEI AR EOOOe XX
ER I IR R R R O N N A N S IR I I P e rErE e, -
N RO OO DODOOONDOCIDOOONSS BOOOODBOE
AT A+ L AL 2+ 2+ 4P 4P At v rrrrtrr vt trtdrrrrw s BRI
RIS iy c v rr bt rrbrrr v 44 ORISR
TA LA AL PP L AP PP At AT rr T T YA TTTAIYTAIYTYTYTYY Y
RASOSOE ata ata . . R . -
R R R R R IR R o v
R R EREEREEEEIIIEOOOOOO OO A -
DO e O e e I A .
At e T T T T T atalatn"
RIS tr rr v v bt brr b v div ey
IR IR .
oAt T T N N N
BOOC O
0008
+ DR
-t OO '
B PA Pt Aty
- tE L P EE r by -

* - -
LRI DE L R 2 2

* F + 4 4

+* + 0.0 0-0 0.)’0.’.0.4’0.1.
LRI IR IR IR IR DL DR 2 DR N 4
LR R I L +* +

MO
- v w *
.’.0"‘.0.."” Q.Q -

* v vt ety
LR I B L R B *
L N I O

+* +

+
+* * -

L LR DRI R R R R R L N 2
+ - % -

-
.
.
- *
st e e
RS
‘e
- AT
- - .+
-+ 1
- -
* P
- -
e +* S +
- IS0
OO0 +
- BSOS
PSR ats -
. P e a4 e 4+ 44 4
OO0 +
BRI
et NN -
IR
OO0 +
RS
OISO ODON
R
Pr P L L L P b
OO IC R I N IR
+ DO IR
+ 44 44+
+ +4 44+
PR + + 4 44+
- Tt '
+ NI
+ +
+ MR
- BOSOMNISOOM
+ R IR
+ 1444 ++
+ + +44 4+
- SN,
+ <t
+ 14 4+ ++
+ S SR e
- B OO
+ 144+ 4+
R 44 4 <+ 44
+ 144+ ++
ata WY, Ve
+ T
+ 4 - e
OO I
SO RN
RO
OO
PRI
+ 0 O -
tr e e PRI
44 44
+ 1 4 -+ 44
BN
PRI
44
144 <+ 49
BT
a1t
44
EIOEOK
v O
44
44
44
.4 + .
P oed .+
e
e r e d e e e
ata
O
P Er e
O
OO
OCCRC
DOOCK:
e s e e
o
rer b b e
ettty
e
-
.
. PR L
4 ‘./“
Tt A
«
- M
+ .
.
»
>+
v
)
)

+
-
+
+
+
- + RO + ‘e e + .
SO0 ' OGO OO Wt
) + + RN
DO + .
- . + RN
' BOOOSOL .
) % . R )
R )
. R R + e
N St A AR A, A “v.
PRI PRI
) ORI ) D)
R AR EERE PR R R X
B GetLtt ot e -t
R R )
RIOR) R R - ) RERAAREXD €
. R IO I I NN 2
avat it s . at. Wl
PR R PRI “u
RO R IR R OR) R R IR (3
OO S S S S LK) )
R RO R RO RO OOOOOOOOOOOOENOO MO
R ) R R e
PSS ST I R R I T A R R I I S ST I I R I ST A S S ST I S ST S S e
ORI R R RSO R R R I R e e
R EEX ORI R R R0
PR RS .
AR ERREEEREEEEEEEEX R RN e
Gttt . Wetet ot ettt ey
RERAREREX R R .
R R .k
AR R ..
G L R L Gt ~
R R A el L)
R AL A4 R
OO ORI S, .
S NI R R I R R ) sttt -
RS RN
AR R .
A EEEREEE - 0
ORI 't
aanas . )
“ e AL AL
- R “
- SO
. R

“« 4 v 4 “« + 4 b
LA L L L L L )

SUBSTITUTE SHEET (RULE 26)

NN

‘me o

Oy |
4 ww)
v oN Yy
%
Nowvt
e

A

PCT/US2014/050318



Rk
- 'l ;
o%ete
T
"-l-l
wte'd
el
.“"
\... "
X
L)
\ S
AN
# u -u
AL
o
.
e
.llql

10/16

_

CA 2941015 2019-03-18



11/16
US2014/050318

CA
4

1015 2016-0

_08-2

6

WO
2015/134058

#
iy \.n\ %
ol vt
W\\\.\t “..Lv.‘ /
’ » + r,
.\\\.\__ L ~“\_ t.a\\_\\
r q» Fr. f .\o c«qw
«o\\\.\\ v \.\m /]
. £ ﬂ»\.\.\..w
1, S,y ;
. Y “\ n\\\“
7 7 e
§ : ;
4 \ \vs\\!
| “, m 5
) A P ) \Q.s 2
gosess 3 Y % .l
“ é Yy v -
L ; PP A “" gredy
f A / % “
4 3 m mﬁ;_wr % /
[ uv ) i A WA s “
: - AN % .,
aA ’ \u\\w\\\- “ ' %% LA LEL ‘, ﬂ
[ y ! “ tv e “ 5 * ‘ Qt. ‘
[ to's A [ e A ¢ Pz » >
4 » 7 % ’ ’ 4 S +
a 7’ v 4 ’ wsad,
[ ’ * “ “ v’ ] “ Lt ﬂ.
[ ~u \1.\ A “ v 4 ¢ 4 % FEEXE S t.1 7 4
; ’ 5 4 - .‘ “ wass: % 124
A \ d v “ r'y: v F QQ. Fxxw » \.\\N
v g o " \ »4 7 # T + 4
T A i P + % %
“ .. ...\ [ d 4 4 Ty N “ 4 fFARAR ) 5\\.\‘._
a . ) ’ g PN b L [» Y s e
[ A 75" . F / [ o~ » +
# e’ s vy % i ; g f »nr % ’
’ f A ’ # Cy. » 4 A “ oy [y () ’
’ Pt m v m m y Ay m 4 ; PPy s.\\wo ) “
v, - ’ ’ ) L o
i : roee : o ‘ 7 oest : 4 grsrsrssns e
; cert P ¢ i : ; < ,0 4 ; % o vorst
# 5 - “ .l.h.l. “ “ 4 \\ I ¢ “ \.\N..t * ._.“ “ A ¢Q .“ v ._\.“
“ s “ “ ;" “ “ 4 \Hu N s . ! - 1“..\.\ [ “ %, [ A
4 A SR ’ # : 'k 4 va ;o \s f 4 ", L o
“ .\.\“\ “ e . ’ “ “ ﬁﬁ.\ ‘ “ Pl bf&!‘\.‘ A \ \ m\ \.b ‘. \ ‘ AN i
|t - ; P SRR i L b o A : : ereeece ]
7 T “ \.\\. d A 4 Gl "y i ¥ e ui “ “ 4 \“.\0 “ g b o
“ [» 4 " “ A “ p " A ¢ 4 e o # “ o A “ ey )
A Vel G (72 “ 4 s ¢ s ., sry [» A il [ o e 7
[ d e r ) \\\\ A v ! A o
[ 4 ' A v d ’ / e L \\\! . [ / ’ A “ Ll Y
B2 AR W T i i . i — @
g g e ¢ ¢ o w ;oL RS ‘ : ‘ ; oot
. B : =y Wy : N : S
[ » , d f + ) ¢ 4 - [ *
‘o i ; N ; : (O w 1 7 rd ; ; ° ; : ’ redgre
- 3 . . o
A o Y _‘. & 4 “ Pt 3 e o bts L A s cual 4 ‘ e
[ ’ ¢ » F “ 4 e » v f M i ] i a A ' » \:L\\.\ A ¢ \\.t.- * PO
“ ..\u..\“ ; A ..!\\ ’ “ ...1\ / 4 ras - v “\\v o [ s e " “ , »\.\\- Y S
A iy ..“\\. ) ; s v : Y Sy m 5 e o/ 4 ; 7% ciics 4 ‘ s rrs s “ ik
“ .\“\L\. 1\.\\_. “ :‘.\.\0 ’ “ “ \.t \- “ v’ / “ m\.“ \\\.\.\ “ “ ) “ “ “-.\\\‘ . .\U“ “ “ h\. : \._\-.\ “ (' C r oy y *&V FRIIF T I
z Y 2 2N | 10 Lz 1 R e —
- » 4 - > ’ - < " / Py F] ’ "
AR : p : : A : TS 2 : 4 or e i ; ie e et ’ : preed :
W i F AL A i LS P m 7 A ; ; o e ’ : - Lo ; oo : wigrar :
g ek = . sor / ; 5 . ] s T ; A A s o i i | ; ey g oy g
\ FFrya bl A r i F 1 . > - ¢ 4 . & 4 e . ord f [ L\.\.\-u ” ' \ 4 - ’ p o < o o o
[ - p Pt ¢ 4 4 / e . e f - s ¢ /i » : d % araar
[» . b ry ’ v A . P s ia e, K A s “ i L 5 i »op rrsl 7 s Has ¢ « aLara ¢
N ik S ; o 4 ] e i s / 4 “ £ 4 P v L ‘oo : woeer ;
[ R s 2 A “ v A \HV .\6\\ P 4 - o R 2 \.,\ A A -“-\-.\ m\.\ vy A \ \.L! - o \.“ 1\ /s t‘ .\ v l!\l\
) oo eed % : 4 T k! w ;  ean ; 4 s vy : 5 L - e ; e/ : / ’ ;
5. e f ’ Y . rir e s ter s’ 4 / . 6 I ! >, v~ » ’ m
: co ot , ¥ ’ ; i . : 1 o i ~ : 4 L St ; . 7 =% . ; ~t, / / L i f
e y 58 [» o ’ ’ 4 ray P A N ¥ - F p i A iy e / 5 { y e ’ vy s Fay gl g ¢
“ w ¥ e “ ..\.u.\ “ m Y \\W\ . v i ’ “ “ s: ; w.... el m “ m . ., “ “ : \\“ o ‘. “_.. “ u\u‘\ m M.\\u ..\.\\\ “ “
S ’ ’ A ! - - N
Py oo P ; s L | L %, : : ot : Bl P i ;] o
- r ) - IR » - - - .
: <5 e m W\C“ : P ’ ool e ‘ : el o ) 4 ; P ‘. 4 ’ o ;e e ’ e : i 2 o / 4
. -+ L) \ . » M s r . » ‘ - ] ] * i . ’ L]
Yy o f oy - i L : AR . : : A, : nZ ;2 A B o b :
4 2 45 bl m S m .“. m o ?h.\ m - \\N £ i “ 4 wor’ A ; 5 7 sl o m soas : 4 'd = - m :
. ' 4 4 b’ .\\l.\. ] \ ~ » ] ‘r ’ o Ly Cal a ” pu 4 m ) L F ‘ \
§ oed o s P A, PR ; s 7 e : ; tres : . : ¢ el o B : S :
L e 7 £ ! ] .tns. ) . A 4 - A [ o - . *, a p #
L " oy 4 i ’ g 4 P “. > \\ 7 . o " “ ) o iy /] g \._ow\ B S22z 4 .y ’ \v\ .4 .. 5
“ - ¢ “\\.u. “ ._.\..\»- “ “ “ sﬁ.?\- - “ \\m wwa .\“\.\ “hht m “ \.\M W\ ”“ s\w “ m “ \\..\.\.\ ._.\.!s - “ .\a.....“..\ “ m rér !\.\\h “ m
A et g s v % o - / Y 4 A v [ it s s . “e 2’ f e ’ 7 « Y %
\ \.\..\ .\\\\- ‘ 1.\.‘-.‘ “ \ \ 4 w‘ . ‘ > 4 \‘ . P \ \ \. - ‘ - “ \ » [ “c\‘ p Fl “ v >, \ \ fF oy a ‘ 1
# e o A \ p) Y Y Yy ” m g ‘. % \\\ A f - » > \ s v..,\\ - s ) v ¢ P s 4 #
\ t...t g *r \ .. ’ \ \ .\‘\.\ “ ‘\- L] ‘- \\ rw “ \ L e \\\\ ’ i \ rry .\-\ \.\.ﬁl ‘ \.\\‘.‘. \ [ “ “ \
. 'l ; it ’ ’ ioof r : i s o /- 4 % e A 4 7 [ s ’ . ‘ x i) G
“ 1.‘.!“ T “ ¥ “ “ “ ‘.C.\ -Ht .Q.\.\\ N m ...“.h- ﬁ’.\.ﬂ‘ \GQ \H\ mi‘\v’ “ . \.\‘-Il \*C “ m .\-.l.‘-h " ?Q\ “ “\-“ “ m mlilt?.\. 0\\ “ “
. . . P » - v - . Il
: o 4 ;7 ; ‘oz ‘.. / i L AN /e 4 et s e S ; E o T ; e / : o the .“. m
“ \.\.\““ m [y, “ m m .._.\.\.\.. \.\\u“ m m ».l.\!.u & ..\.\s\ “ “ H\.\.\..\ “\\\ \.\\Q “ m J\k&“ \v".“s ‘.\.\ “ ﬂﬁ\\“ m t.\\. a “ “ v “ “
e ) d ..s “r ¢ a f ‘w e #, A \h ‘.s y oo ’r . PR s o
[ tee A .....,ts“ 4 ) “‘. v 4y, / ) ﬂ.\\ ’ P e - f * » _. rrr. " é + T Pt - [ \ “ A
i L RS, i . - : g LA = : ; et L7 2y m : e e P : : ARG ¥ i
A i /] . " ) i Ceus ¢ LY . £ s [» A ‘“p o Ty “» g ‘o % s v ol by o ", ’ .
[ Vol # A “ /’ 4 “ .\.\\... 'y y " 4 [ v,/ o 4 " Vs »»a P 4 £ " d A ;s o “ v
. 2 .«\ A L. f > - i v v “" ’ -.\ A
4 - ; " / ’ ; Y : / % " el 4 4 .- P A rost s e L % ’ e / : s o ’ :
‘ o ‘ * ‘ \ ‘ T “‘ 4 \ * o o \..l \‘.t- \ ‘ ‘-\.\ IQ .\ 1‘\.\ ‘ \\\.’ ‘ / ! B %. £ \ \ e ‘\t\l\k v “ “ ‘
i : ¢ f o : o er? : : 7y, a : A Y 5o > : : . L :
3 e »5 5 d P ’ . » - P « ! ’ - v 'y
m . “ “ ’ m ..\.:. HHM\ / “ nuaw p L “ m wsw. .u o muu “ m . 4, - “H .w\. “ « 2.5 “ i h.\.\ ropr .Mh.s “ “
o ¢ A ;o L y P _— ; : Lii b > ; 2 A o : Thee % ; ‘g
. A \.‘) 4 s F ) f - \..\.\“ [ . £4 "I ] vy 4 . o A \
\ . \ “ ‘ \ [ \ \ ‘ 4 » ~ \. « \ \ \ \ > \ ‘ ’ \ M / . ] [ ‘
“ i % \ \ I-l..\.‘ L.«lq.“.\ ¥ 4 . . . * . \ “ s “ v ’ w&.\\o \ “ s.\l.!n \\\.\Q rarad v T “ \ !.\\. w\.\.\k 1.. \\-v /4 “
i Srrrrs ; § e £ ! ot FT el 4 4 s TN 4 i i RIS P : ; . Y ‘P
[» .\u A, F v/ 4 ‘ay it / ) e s a [ “hoarru “s A a [ ., \\‘_. Pt -\\ . ’ . " ’ A — “ f
“ ! N\L&\“ “ W. \JH.J. AR w “ oo oy g [ “ rxra \..\¢\ w.\w-\“ [ “ ———a w.\....\ £ “ cx? “ g i \\ PR “ m
L > . * . 4
“ g \ \ i S \ “ \\x.\\h\\ mn\ ’ - “ “ \.\\~ .\\\. g ﬁ\ m “ “.‘.. \\9\\ “ g m m ’ T QV.\\ “ ‘
: ool / A 3 N Y ; L 5 ;! i A i e r g 7 i rres o e Y g
“ - v 4 p a s ) TS [ A *e s 'd [ A Vb Y F cilmiai crr ¢ o4 e e g / [
’ vy v 4 v s - frer wd ’ A e Joe e ] # ., SNy - ’ 7o ‘ oo et s 4 g
\ ‘rdur “ A !.v\.. ..\..\ P “ \.\h o \\.“v' \ “ s . ey \ “ .vvl. F ” " \\.\“ v “ A * “ \\ A il !.\\ 4 \
“ Kl “ “ v \at“ m “ . * . amn “ “ \.\\\.- .\.\.\\.. “ 4 4 “ “ Cn“\\ ‘vv ..w .\‘.‘\\ ’ .ﬁ.\.\\ “ A .\!\u gy : W\.. “ “
A o 4 4 - e v s EYE e 4 A . % 4 i 4 T . e ’ s ‘ m P Yrs i i 8
4 bl “ ; e ‘ : 2y 4 4 L i 4 ; J I i ’ - ’ i SRR s ’ g
- L ietnd s { Iy ‘o “» ’ o M mre ; il ’ #
/ . A m ’ . [ o . Yl a # .. 7 ) P .\_\ -
: ’ : gre i : ;or o ; 4 g b - ; - S ‘- A ’ of bt sles i f (e
“ “ 7 t...w\.“ f “ \\\” “ . \\ “ “ -.I.\u.\\. .\.\.\n rees “ o PR “ ." \\\l- ’ A “ a ] fos \\a\ g \
; : b weet : ;o S Yo : : 7L i ¢ : g s i (™ : T e N g
: : L A % T af o g o : : 25, o A : ke oo 24 ; T
A » - v + 2 ’ ’ \ - ” > P o Py 2 i
[ s 4 > ;\- w s \.\!u M... -+ . 7 A [ e y - [ e o e ’ ’ N " ) + > o #
\ ) C4 \ - / . * \ .\.\.\\ b - \ + v 4 *. ’ K .\ \\.\ \ \
: : G / ; A i : : o 7 " : ; bars i / e : er’ rgze 5 b e
s Lkt - - " s - . /
; / ; ra3 : ’ ¥ s Ly 4 » - e g ‘ “l " o/ b ered e / : ‘5 e i) ;o Yo’
e P L= RS A L= T o P %, 3 § ol o i o
. - » i) - ’ . ) -, ’, . p /7
v s s msm % : wra, m w. i ol o b i g mnq.... ¢ S 7 4 ’ SRR o i .“. o, ;4 / m vt N ’ 4 5.4
b\\\.\\\\\ “ 7 \\\.u y s _.“ s i _ui \w. “ A i “ \‘ a “ " ” . v ‘\h“ “.\ “ N\: -l “ rro, v o “ “ 4
/ e ms s mED m m w m < hor” ol /e A m w\ ’ pe . ; m “..\.¢ o ) . - ’ b / . \, m m “.::“ \ . e 4 4
# R ;i ¥+ L [» Ve ¢ “ i [ iinied e re \H“.\ A ‘», - ) o - ¥a v ¢
/ rranssrssck “ : P e 4L s Tt : ? ro St : Y L (v S 7 : e A L : 7
: i § e o0t vrd P 3 : P A4 ' A Lo A S P g
# . w p/ ‘\. .. \.M\ “ - rad - “ w5’ .u.w..n\ /A “ ‘.\.“‘.\ A LA \.\.~ __.nu. s A " ) - “ 4 ” s A ot g
- rrrrer ;o a ; £/ £ : AR L 4 § v -y 14 £ i
P P, ¢ r \\.‘\. A \\l ., A o / A f LA 2 e ’ \ . i ’ t / “ ¢ s ’ \
’ ‘e ;1\-;1“ J r f 4 il [ “ “ LE [ ’ * e % - “ Vs x4 ra P T, ’ s /’ o
A 7 e .1.\.\\ U - /] Ay p . ] # P p A - / 1 e F \\ . >y \
b > VIR et ’ 4 TR ; ’ 4 " W s et / - ‘ rd suinl ‘0
e i ..w WL-L-L-\ .!!!M / kss il “ “ Hn\.“\ .\o-.“\ “ “ e +le \h.\ﬂ.\ \ﬂ,\.\ “ ..\M..,\\x 1.1.\.\_“ “ \.\M.o._. .\\\.“ o 4 [
' \\.“. R Y“.r/ kn....“\ “ “ .\““ " v\ A “ \H‘.\\.. w “ . ‘s, ‘!4.“ “ i\hhc *\ S “ 4 \\\“ g\ N “ , m m
‘.r‘.‘.‘.“ 0 >y “ m .\.\.\\_\ ‘\l.\“ m m Ms\‘!.i. w.\.‘.\" “‘..“‘. 10“““ “ 2 L Q\ m m ‘\ Sﬁ .Q\ \\ \\\\ “ ‘
* ", - “u p - *e L -
r P, A A A \u-.“ L [ o e w\\.\.u ) \\v\ “ .\\.\c \\-\.\ 4 o\.\\‘ " \.\. ‘ “ m
rsd - “ Ry \\s\ “ “ . T i a wrr ’ . / ’ ., \“ ",/ g
. ’ P ’ * [ 2 4 d 7 y “», wd o “ a § » “ g
. . ras L [ # 4 »a o s & * “ ’ ’ i ! M res - v [
s oo »t\\ A “ .\u.\. oy .s.\..\ R ¢ “ . “ 2 ,e - gu—— v g
Ekmde i \\.\‘ -\- ‘- \ \ e ﬂ > “ - ‘ \.\\\ \ o of r \\.\ \\ \ \
S ——— # 0' .\* “ “ 1.\ v\ b. “ “. L4 s “ \ ‘m L." ‘\‘\\ el “ \
L-EL-E‘“- “ g \Q\\ 7 M.\t\\ \\‘.\\ “ m \9.“\\4 p “ g ﬂ.\..ld “ m
PP 4 ; 4 ‘b - ’ 7 rr ve s 5 &
B : A - h ;
: ;o vy : o - -
\lu\u o o ar L7 .\\. b \ e e o‘ ..\s \ “
e i ¢ (i hr o ird ’ ‘
CLr g u\u\.\. oL i s, ' ¢’
' ¥ £ \\ ’ o o o “ ryrrr \ L g ‘ \
._.\5_.._\ aaacd /% W1 a y 4
AT m . . ar v 7 “ “
\ o P e -’ \\&.\M\ \.h - " o
/ oeee, e |
— e ! Voduo “ "
# CLE ey - . g
o o Cryy “
4 ; recee. wras ’ :
f L Ll C Ly v [
n_ ‘ arararanra wed “
oy
PR “
T “
Ly \.\ (e y
“.\.\ - / Y o' ¥ “
s - s
» /s CRE [
“ors? o~ o it A
7ot » e - n
‘&. 4\. \0\ 1&1.\.\ aa .
o’ m.‘b\ .
n\..\..\..u v - “
‘ ‘ '\ ’
-.\.\.\h
AW\.\,“
A

2227,

STUB
UTE SHEET (RUL



12/16
PCT/US2014/050318

CA 02941015 2016-08-26

WO 2015/1340358

‘EE\E\E\E\-‘E‘E‘E C ol C ol C ol A A TR LT L LT LT A AR ATR LT L P LT L LGS P R0 C ol C ol C ol Ll ol ol ol o TS ol ol e T ol ot Tt T e T o T Tl g C ol C ol AT LT T LTS L LT LT PTLT LT A LT A AT LT AT AR AT AT L T TR LT A LT LTT A AT LT T APTLTR LTS T LTS L LT LT A AT LT A A LT A AT LT A AT LR C ol C ol C ol A T TR LT L LT LT A AR LTR LT S P LT A LTI A AL C ol C ol C ol Ll ol ol ol ol TS ot ol ol ot T ol ol ot Tt e T C ol C ol C ol AT T TR T LTS L LT LT PTLTR LT A LTS L LTI AT AT TR L T LT A AT AT A AT LT AT L
: :
: :
d . R : .. . . . g g y . . g . . [
‘ W IN L A X RANE Y YV XN L AR L Y Y W e ) A LAV
“ TR TSNS VY O AL OB ST “
: LETRE T Y GERENY h Y aGh Ty BRATE Ak GETEY FREEMNL Gy YOG WALt iR g F Ay L AL :
‘ G LA E LAY Lele) Al G LGRS AR WAG Y L ALENLE DR b G CE G R UGS A Y AR G ‘
d
. ‘
f
’ [
. #
: 7 g # pe 7 # :
‘ AV % 7 £ 7% T al Y 0% oo 7% & %
: mo“m 4%, 7 747 e o, X7 A 174 7% % : :
: VRS (LY s 37 W7 St 14 ey bl "2 4, “ g
f
‘ .
é ., f
v ;e f
4 “ [ [ 1 ' ‘ [ i F \- v ~\1\§1\$ é. ’ “ “
‘ v i " | " ‘ | ; i o o \\ ! 8 g
‘ “ “ I I i i i 2 ] k-\vﬂ\..\bc\.\n\.\v.\uﬁ.\\ f ot Yoo f “\\ ﬁs“ “
o ’ | 1 1 ‘ ‘ ‘ \ ‘ ;\u\.\n\ﬂhﬂ\- f ¢ A f
’ v i 1 1 i i i ) P . F f # f
) ) 1 ‘ ' q ) AP e r f ¢
“ ’ “ 1 1 i i 1 .\\u\\.\\ug\\ - f [ “ [
d ) i ' i ' ' - ) \ .\.%.\..\H- ¢ H / 4
‘ v “ | , " “ \\ Y il I A BRI : , , ; .
’ “ / [ ] f f oA HA, ) f “ f f “
d [ 1 1 { { .\N-\- Y, { [
e Cx f
’ “ ' ' ' ' ' \n.\u\u‘.n\n\ ' ' F “ [ “
: / ! : ! ] s L “ m i ] : ‘
’ g i 1 1 ‘ o, .\n\..\-\n\\untﬁ\ ‘ i ! f “ . f
“ ] | 1 1 ‘ \u O \N\- [ [ f f f
T —— S P e e e e e e e e e e e e e e e P e e e e e e e e e e e e e - o S e e e s e e i e i e e e e e e e S e e e e e e e e e e e e e e e A f
d ) ' ' ' .\Vd.a\n\.u\* \ i ' H ' “ m L7 7 P f
d ) [ 1 [ \h\. L ‘ ‘ f f A Bl f
J ' ' x ' ( ' f ' [
: | P ‘& iy
’ ) [ [ [ ) ok ' ‘ ' f f [ ‘s A
“ /’ “ 1 ! \\ ! ! ! F / “ \\U\\ [
’ 1 i \u\‘.\\ i i 1 f f f
: : “ " v, gt T : " “ ! i ! : 5 ‘
: / ! : et : : : m “ _ / galiig :
: / “ " L i “ i i m / o :
s ’ : " it ! “ “ ‘ _ “ “ 4 sy j
: / ! it : “ : “ ! ! : ¢
‘ e s b s \%&Nﬁv sssssssssssssssssssssssssssssss Lo o s s e s e s s e s e o o s e e s e Py i :
: ; ! Y : | " : : m “ “ ‘L oy ‘
‘ y i \\ QM\( i 1 i i ‘ ' f “ f !ﬁ o 74 “
¥ “ i 2 i ' ' f ' f f / L% f
’ / P LW : " : “ : “ “ / ooy ‘
: / w2 " “ " “ “ _ “ , : e, :
: / it " " " “ “ | “ : cxer, :
’ y \Qu\\ . ! ' ' ‘ ' ‘ _ “ “ g WL ‘
4 ) .\ﬁ\l | ’ ' ‘ ' ‘ r ¢ “ N« s ¢
\ . 1 1 i i i f f 1
: ’ i ! “ : ! : “ i i ' ; ‘
d - \ﬂ\m\- i ' i ' ' ' " J “ f . “
y / \V..N\I uuuuuuuuuuuuuuuuuuuuuuuuuu e e mmmm i B e e e e n e e e m e e e e e m e e .Lw!!!!u-I-ll!!!!uluL“.!uIII!I!!!I!ulll“ 7%, :
4 * / 1 1 ! ‘ [ i f A -,
d -~ i 1 1 i i ! H f [ f
o ¢ | [ ' ‘ ‘ ‘ t ' A [~ A
d ) [ 1 I f 1 1 f f f o f
4 ] / 1 1 ‘ ‘ [ f ' A f
d v i 1 1 i i ! H ¢ [ f
o ¢ i [ ' ‘ ‘ ‘ r ' “ A
d ’ I 1 I i ' ' f [ [
m “ m m m m m m “ “ m m
’ “ [ [ [ i f f f “ [ f
d i I i ' ' ' i /
’ “ / ) f f ' f ' f “ [ “
d ’ I 1 I i i ' ' F [ f [
E v i 1 [ ‘ 1 ‘ i t ! / [
] ’ / ' I i i f i f f [ f
. b ,
d .
d \.\ f
d “ [
‘ .
: :
’ 5 W 2 47 3 [ ~ I 3 P A 24 3 3 4 . o Y y I 3 3 3 3 b s, h . [ 1
m PRSI Y TTIR 1Y IAANS BT IVOTTY V) TR TN m
‘ A A G “ G 4 agn WE ,.. ) % “ \w.. S LAy w ¢ .% Y w ﬁ R s% N . \m
’ é.hwt\huﬁbmn»n ] \\N.ms\n 7 a.u\.u-n L ¥ -&M\“ \.w\m.\ WA Aok %h 4 & \n&.\““\ﬁm&ﬁ.@n m.ﬂ;._ﬁ m“.._.u“.\.\ “‘\h é.\“u\m.m.\w.ﬁ o o \Wx\‘m.\“\“: &.“&oﬁm \.W“w A s\_mu... -.M. m
El
: :
]
‘H”-~n‘~‘~‘a.l‘l‘l‘l.l‘l‘l\.l."l.-.l.l.l.l.l.l‘l.l‘l.l‘l.l‘.l.-.l:l.l‘l.l.l.l‘l.l.-.l.-.l“l.l.l‘l.l.l‘l‘l\.l.i‘l‘-.l.'.l.‘l.l‘l.l‘l.ln.l"-=~”-‘”“‘~‘~‘~"q’”’\’-~’§‘\*H‘\*“-=“~q~”~“-~‘~‘:~‘l‘l‘l.l.l‘l.-.l.i‘l:l.l.l.l‘l.l‘l.l‘.l.-.l‘.l.-.l.l.l.l‘l.l.l.lhl.l.-.l.-.l‘l.l.l‘l‘l‘l.l‘l‘l\.l."l:l.l.l.l.l.l‘l.l‘l.l.-.l‘.l‘q:H”-‘n--~a~‘--~\---‘~§”‘""“*:‘”‘~‘”~“-a~‘~q--l~.‘~l-.‘.l.‘l.l‘l.l‘l.l‘l.l‘.l‘.l.‘l.l.l.l.l.l‘l.l‘.l.-.l.-.l.-.l‘l.l.l‘l‘l‘l.l.l‘l.-.l.i‘l:l.l‘l.l‘l.l‘l.l‘.l‘.l.‘l.l.l”q‘”-‘n--h

SUBSTITUTE SHEET (RULE 26)



13/16

CA 02941015 2016-08-26

WO 2015/1340358 PCT/US2014/050318

HES

SUBSTITUTE SHEET (RULE 26)



1470

14/10

FiG. 158

FiG. 148

----------
- L TR 2L SN

- I‘n

- J'o‘.’l‘i‘ff‘#o'p L

an T
e
LA IR TR I N
]

1470

474; F

-

' 3

L L, Y L, S e, e, ey Ly ‘v‘.ﬁ:‘t'\\‘t\‘\‘.‘\‘\\ﬂ'\'\‘.'&':‘k'\.‘\‘!\"\..‘(\.\'('\.'\:'t"l‘!‘.'\: - M}

.
~
a
- \‘.
.
’
hd
-

PPy B d K]

' X Y

YTy yE Y N R YN "‘&"‘ shYhuYy e \h'\'\‘\‘sb\

.
-
.
‘
e

| d
-‘1 f'
'L
p

1460
1430 1440

W
7
i

-';’o'\\\\‘\\\\\\\\gl ANRRA Y SR AT

-‘
’ .
b

> .
.

- “

R
o

o\ ’."'\.
D P .*.“-'*‘-'-““‘** VAR TIEARE XK
R . . N 2 . -\
i
T NN
. . ..
- . s "4 “\
PR A AN B aana '.‘\.‘: .

P
/

7
1420

>

1400
1450

C

S
///

1410
1400
1480

FiG. 14A
FIG. 15A

CA 2941015 2019-03-18



WO 2015/1340358

1600

1600

<
3
.
Xe
-

15/16

CA 02941015 2016-08-26

L " e
R At
\q- R 4

AP AN RAEL S
NN NN
fra) Ty “’:. i

5 N o
L Lo “N
> ) ';”"- :

' \,?\.\:\ \ \\\\c t-.. 3

..-

ey mSARTRLR R CC R

“-‘\‘ »

o
- ™ . -y

e R e Tl e o o - -Ah\\\\ ’-‘-'}: - 'l

-‘“

T

SUBSTITUTE SHEET (RULE 26

1622

1630

1012

PCT/US2014/050318

Fi, 108

FiG. 16A



16/16

CA 02941015 2016-08-26

PCT/US2014/050318

WO 2015/134058

L1 D4

A0VAHNS GiddHabV D1V H0dd 20 NOLLAOG
Heddbdiddd 0 LYHL NVHLEL 2400 20VAUNS Old2HdSY
A9 108d 40 NOLLAOd WIXY 40 AUNAYALN0 ADNYHO

OVLt

SAOVAHNG HIHLO-HOY I ONITIVS

AQ AND L8V AT AV 40 NOILLS0Od WIXVY dL9YNY idaV

SANANOGNOS SN T IVHEAIGN]

A0 SADVAANES dAHLOHOUY I UNIOV A 40 LOVINOT

A0 VHGY IUNYHD O Nivel IWOILaQ OL L3345 34 HL
SHEYNOLUSOd A INGWD IR 30 NOLLOW VXY a-38NYH L

SEINIOA TPIKY ONIONQASF3HH00 LV LOVINOD WaE04 |

_
l\\ O SAGND T LN GA50d8I0-ATIVIXY A0 NIVE L WOLLGO |
0T/71 _ OL ATIWNGALNE HAHLO HOV3 d0V4 Ol SLININOJWOD SNAT

_ AYITHHANING 20 Sa0VAM0E IVOIlddHdSY 20V 103d A5 0dVAXEHT

]

Otll

UCL1

SUBSTTTUTE SHEET (RULE 26)






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - abstract drawing

