
TORIC LENSES ALIGNMENT USING PRE-OPERATIVE IMAGES
CROSS-REFERENCE TO RELATED APPLICATIONS 5       This
application claims priority under 35 U.S.C. 119 to
U.S. Provisional Patent Application No. 60/955,528,
filed August 13, 2007, the entire contents of which
are incorporated herein by reference. 10TECHNICAL
FIELD OF JILL INVENTION       The present invention
relates generally to the field of intraocular lenses
(10L), and, more particularly, to methods and systems
for determining placement and orientation of an
implanted IOL. 15 BACKGROUND OF THE INVENTION
The human eye in its simplest terms functions to
provide vision by transmitting light through a clear
outer portion called the cornea, and focusing the
image by way of the 20lens onto the retina. The
quality of the focused image depends on many factors
including 



the size and shape of the eye, and the transparency
of the cornea and lens.        When age or disease
causes the lens to become less transparent, vision
deteriorates because of the diminished light which
can be transmitted to the retina. This 25 deficiency
in the lens of the eye is medically known as a
cataract. An accepted treatment for this condition is
surgical removal of the lens and replacement of the
lens function by an artificial intraocular lens
(10L).           In the United States, the majority
of cataractous lenses are removed by a surgical
30technique called phacoemulsification_ During this
procedure, a thin phacoemulsification cutting tip is
inserted into the diseased lens and vibrated
ultrasonically. The vibrating  cutting tip liquefies
or emulsifies the lens so that the lens may be
aspirated out of the eye. The diseased lens, once
removed, is replaced by an artificial lens.
The placement of an IOL is very important in order to
ensure the best possible 5vision for patient's with
cataracts. Oftentimes there is not a good feedback
process during surgery to ensure that the IOL is
properly placed and oriented within the eye.  



SUMMARY OF THE INVENTION       Embodiments of the
present disclosure provide a system and method
operable to provide for the proper selection and
centering of an intraocular lens (TOL) that
substantially addresses the above identified needs.
An image of an eye, which may be captured during
pre-operative tests and provided to a program
operable to calculate the power and axis orientation
of the IOL, is used to determine a location and
orientation of the IOL. A placement guide is produced
for use in properly centering and orienting an IOL
within the eye.        In a first aspect, there is
provided a method for generating a placement guide
useful to facilitate placement of an intraocular lens
(IOU, the method comprising: capturing information
associated with an eye in which an IOL is to be
implanted; capturing incision location information
and induced astigmatism information associated with
the eye in which an IOL is to be implanted; providing
the information to an IOL calculating software
program operable to calculate a location and
orientation of the IOL within the eye; and generating
the placement guide operable to assist a surgeon in
placing the IOL within the eye, wherein the
placement guide comprises an image of the eye
generated based on the preoperative information.
In a second aspect, there is provided a method for
generating a placement guide useful to facilitate
placement of an intraocular lens 004 the method
comprising: capturing information associated with an
eye in which an IOL is to be implanted; capturing
planned incision location information associated with
the eye in which an IOL is to be implanted;
capturing-induced astigmatism information associated
with the eye in which an IOL is to be implanted;
providing the information to an IOL calculating
software program operable to calculate a location and
orientation of the IOL within the eye; calculating
the location and orientation of the IOL within the
eye; and generating the placement guide operable to
assist a surgeon in placing the IOL within the eye,
wherein the placement guide  comprises an image of
the eye generated based on the pre-operative
information.       In a third aspect, there is
provided a Lens removal console operable to
facilitate placement of an intraocular lens GOO,
comprising: at least one input port operable to
receive: information associated with an eye in which
an IOL is to be implanted; planned incision location
information associated with the eye in which an IOL
is to be implanted; and induced astigmatism
information associated with the eye in which an IOL
is to be implanted; a processing module and
associated memory coupled to the at least one input
port, the processing module operable to execute an
IOL calculating software program operable to:
calculate a location and orientation of the IOL
within the eye from: the information associated with
an eye in which an IOL is to be implanted; the
planned incision location information associated with
the eye in which an IOL is to be implanted; and the
induced astigmatism information; and generate a
placement guide operable to assist a surgeon in
placing the IOL within the eye, wherein the placement
guide comprises an image of the eye generated based
on the pre-operative information.  BRIEF DESCRIPTION
OF THE DRAWINGS       For a more complete
understanding of the present invention and the
advantages thereof, reference is now made to the
following description taken in conjunction with the 



5accompanying drawings in which like reference
numerals indicate like features and wherein: FIG. 1
depicts selected tissues of the eye; 10FIG. 2 depicts
various inputs which may be used by an IOL
calculating computer program to calculate the power
of .a "tone lens," and the location and axis
orientation of that IOL lens used to replace lens
tissue within eye in accordance with embodiments of
the present invention; 15FIGs. 3, 4 and 5 present
different ways in which information may be used to
generate placement guides in accordance with
embodiments of the present invention;      FIG. 6
depicts a system operable to facilitate placement of
an IOL in accordance with embodiments of the present
invention; and 20 



FIG. 7 provides a logic flow diagram in accordance
with embodiments to the present invention of a
process operable to place an IOL within an eye.
DESCRIPTION OF THE INVENTION      Preferred
embodiments of the present invention are illustrated
in the FIGs., like numerals being used to refer to
like and corresponding parts of the various drawings
5      Embodiments of the present invention
substantially address the above identified needs as
well as others. Intraocular Lenses (I0L) have opened
new possibilities for treating cataractous lenses
which are removed by a surgical technique. The
diseased lens, once removed, is replaced by an
artificial lens. Proper vision following the
procedure 10depends greatly on the placement and
orientation of the IOL.      FIG. 1 depicts selected
tissues of eye 10. These include the iris, pupil,
cornea and lens which, when cataractous, may be
removed and replaced with an IOL. The placement of an
IOL is a key component to the best possible vision
for the patient. 15      FIG. 2 depicts various
inputs which may be used by a computer program, IOL
calculating program 32, to calculate the power of a
toric lens, and the location and axis orientation of
that IOL lens used to replace lens tissue within eye
10. These inputs include pre-operative tests 22 used
to determine the center of the eye, video or digital 



20 cameras 24 used to produce eye images with sclera
vessels, and cornea topographer 26. Incision location
information and surgically induced astigmatism
information 28, and white-to-white dimension 30 are
also provided. The measured data along with these
representations of the eye along with incision
location information may be used by program 32 In one
embodiment, IOL calculation program 32 may be Alcon's
"toric 25 calculator" that is executed on a desktop
computer or cataract removal console such as Alcon's
"Infiniti Vision System." The image of the eye
captured during pre-operative tests may be uploaded
into (provided to) software program 32.  Knowing the
center of the eye is keenly important for the proper
centering and alignment of an IOL. FIGs. 3, 4 and 5
discuss different ways in which this information may
be used. In  5 FIG. 3 software program 32 may provide
an output such as a simple printed picture in process
34 that becomes available to a surgeon during
surgery. This allows a surgeon to reference the image
and characteristic vessels therein to locate the
incision and orient the IOL in process 36. 10FIG. 4
describes another possibility for how location and
orientation information may be applied. Again
software program 32 produces or outputs orientation
and location information. In this Stance orientation
and location information may be printed on a
transparent material which may include a contact lens
in process 38. This image on the transparent material
may be overlaid by the surgeon directly on the
patients eye to match 15the characteristics of the
patients eye within process 40. The IOL may then be
centered and rotated to match markers on the
transparent material. 



A third process is depicted in FIG. 5. Here software
program 32 provides an electronic output which may be
uploaded on a lens removal console 42. The console
may  20 receive video from an optical microscope
which recognizes vessels and overlays live optical
video images in process 44 to previously uploaded
pre-operative images. The video information may then
be used to advise the surgeon in how to rotate and
place the 10L. 25FIG. 6 depicts a system operable to
facilitate placement of an 10L. System 60 includes
Corneal topographer 62 equipped with a digital camera
64 to produce a surface profile and image of eye 10
that includes vessels in the sclera. Alternatively a
separate camera 66 can be used to take the picture of
patient's eye 10. Data from the topographer 62 along
with incision location and induced astiamatism are
input into program 32 to calculate 30power of the
toric lens and the axis orientation. The program can
reside on the web, on an  office PC, or on the
cataract removal console such as the Infiniti Vision
System (Alcon). The image of the eye captured during
preoperative test 68 at the same time when topography
was performed, or at least in the same patient
orientation, is uploaded into the same program. The
output is the image of the eye with the axis
overlaid. It is also possible 5to label the "center"
of the eye on the same image, however determined
during the preoperative tests. The center of the eye
is important for proper centering of IOL.
The image of the eye 10 with the vessels, overlaid
steep axis of the toric lens and the center of the
eye 10, as well as approximate "up" arrow can then be
used in three ways 



10to generate reference diagrams as described in FIG&
3-5.       Embodiments of the present invention may
take advantage of computer Image analysis of digital
images of the eye taken during a pm-surgery session
and again during the surgical procedure to register
the eye, and a microscope adapted with a heads-up
display 15(HUD) to provide the surgeon with visual
feedback to help orient visually the IOL during the
implantation procedure.       Digital image analysis
allows measurements taken during the pre-surgery
session by a corneal topographer to facilitate
selecting the IOUs optical characteristics. The  20
selection of IOL cylinder power is made on the basis
of corneal topography measurements as well as other
anatomic measurements of the eye, such as eye length
and anterior chamber depth. As part of the topography
measurement, a video snapshot of the eye can be
captured with a camera incorporated into the
topographer and situated at a known position and
orientation with respect to the eye and topographic
measurement 95apparatus such that precise "mapping"
of the snapshot of the eye to the corneal topography
measurement can be made          The camera, camera
optics, camera electronics and eye illumination
system can be chosen to allow video snapshots of the
eye to be taken simultaneously with the 30topomaphic
measurement (to prevent eye motion artifacts) and to
permit an naage of 



sufficient contrast, resolution and field of view to
allow clear visibility of scleral blood vessels and
other eye features such as the Embus. First, the
image can be simply printed out and posted in front
of the surgeon 5 during the surgery. The surgeon can
then reference characteristic vessels to position an
incision appropriately and to orient the IOL relative
to the sclera' blood vessels. This may obviate the
need for manual eye marking with a "sharpie" as
typically done in the prior art, but will likely
provide rather limited accuracy. Pre-operative
biometry information along with the eye's image is
input into the program which calculates optimum tone
lens and its 10orientation in the eye.      Second,
the image of the eye including the steep axis and
location of the incision can be printed out on a
transparent plastic, for example transparencies or a
contact lens. In order to scale the image properly,
the "white-to-white" dimension input into the program
15 is used. The tone lens is implanted into the eye
and oriented approximately. There is a pattern
printed on the lens which indicates direction of the
axis. For example, 3 dots in the peripheral part of
the optic may be used to indicate the axis. After the
lens is placed and approximately oriented, the
transparent plastic is overlaid on the eye and
oriented to match vessels. Then the lens is centered
and oriented so that the axis marked on the lens 20is
superimposed with the axis printed on the plastic
with the lens superimposed with the "center" printed
on the plastic.      Another method is to upload the
image of the eye with the vessels, axis and center
onto the lens removal console. An image from the
surgical microscope is transferred to 



25 the console as well and compared with the uploaded
image. Sclera vessels serve as landmarks to overlay
the two images. Lens orientation is determined by
locating the distinguishing features on the lens. The
surgeon is presented with the captured image of the
eye on the screen of the console and advised visually
and/or throw:ill voice confirmation where to move
and/or rotate the lens There are other advantages in
having the eye image 30and biometry information input
into the console. At the beginning of the procedure
there   can be a step on the console for providing
supplementary information to the surgeon relating to
where to make an incision and information on incision
width. If the location or width of the incision are
altered, the new information can be input back into
the console to analyze potential differences in
recommended lens selection and/or lens orientation.
5 This can be easily accomplished if the IOL
calculation program 32 is loaded on the console. The
console can also be equipped with a barcode reader,
or other equipment tacking system, and the IOL and
tools (e.g., knife) used in surgery can be scanned so
that the console can double check the incision width
as well as the lens-selection. 10FIG. 7 provides a
logic flow diagram in accordance with embodiments to
the present invention of a process operable to place
an IOL within an eye. Operations 70 begin with Step
72 where an image or other information about an eye
in which the TOL is to be implanted is captured.
Additionally planned incision location information
and induced astigmatism information as well as
white-to-white measurements may be  15 captured as
well. In Step 74 the captured information may be
uploaded (provided) to an IOL calculator. This IOL
calculator in Step 76 mRy calculate the power of the
IOL as well as the location and orientation of the
IOL within the eye. In Step 78 a surgical guide or
placement guide may be generated to facilitate
placement of the IOL within the eye. This placement
guide may be a simple photograph available to the
surgeon so that the  20 surgeon may reference a
picture and characteristics therein to locate the
incision and orient the lens. Alternatively this
placement guide may take the form of a transparent
material, such as a contact placed over the eye,
wherein placement guide information is printed on the
transparent material. The transparent placement guide
can thus be overlaid directly on the patient's eye by
the surgeon in order to match the actual vessels
there. The  25 lens may then be centered and rotated
to match markers on the transparent material.
Alternatively, the placement guide may be electronic
and overlaid with real time video information. The
video information may be captured by a surgical
microscope and transmitted to a lens removal console
wherein processing modules within the lens removal
console recognize and match structures hum the
placement guide to the live 



30images. The lens removal console can recognize the
lens marks and advise the surgeon  on how to rotate
and place the lens. In Step 80 the IOL is placed with
the aid of the surgical or placement guide wherein
the placement of the IOL may also be verified.
In summary, embodiments of the present invention
provide for the proper selection and centering of an
intraocular lens (IOL). An image of an eye, which may
be captured during pit-operative tests and provided
to a program operable to calculate the power and axis
orientation of the IOL, is used to determine the
location and orientation of the IOL. This produces an
output or placement guide that can be used to
properly center and orient an IOL within the eye. 10
As one of average skill in the art will appreciate,
the term "substantially" or "approximately", as may
be used herein, provides an industry-accepted
tolerance to its corresponding term. Such an
industry-accepted tolerance ranges from less than one
percent to twenty percent and corresponds to, but is
not limited to, component values, 15 integrated
circuit process variations, temperature variations,
rise and fall times, and/or thermal noise. As one of
average skill in the art will further appreciate, the
term "operably coupled", as may be used herein,
includes direct coupling and indirect coupling via
another component, element, circuit, or module where,
for indirect coupling, the intervening component,
element, circuit, or module does not modify the
information of a 20 signal but may adjust its current
level, voltage level, and/or power level. As one of
average skill in the art will also appreciate,
inferred coupling (i.e., where one element is coupled
to another element by inference) includes direct and
indirect coupling between two elements in the same
manner as "operably coupled". As one of average skill
in the art will farther appreciate, the term
"compares favorably", as may be used herein, 25
indicates that a comparison between two or more
elements, items, signals, etc., provides a desired
relationship. For example, when the desired
relationship is that signal 1 has a greater magnitude
than signal 2, a favorable comparison may be achieved
when the magnitude of signal 1 is greater than that
of signal 2 or when the magnitude of signal 2 is less
than that of signal 1. 30 



Although the present invention is described in
detail, it should be understood that various changes,
substitutions and alterations can be made hereto
without departing from the spirit and scope of the
invention as described.  CLAIMS 'What is claimed is:
A method for generating a placement guide useful to
facilitate placement of an intraocular lens (IOW, the
method comprising:    capturing information
associated with an eye in which an IOL is to be
implanted; capturing incision location information
and induced astigmatism information associated with
the eye in which an IOL is to be implanted;
providing the information to an IOL calculating
software program operable to calculate a location and
orientation of the IOL within the eye; and
generating the placement guide operable to assist a
surgeon in placing the IOL within the eye, wherein
the placement guide comprises an image of the eye
generated based on the pre-operative information.
2. The method of claim 1, further comprising using
the placement guide to verify 



placement of the IOL within the eye.        3. The
method of Claim 1 or 2, if wherein the infoimation
associated with the eye comprises a surface profile
and/or image of the eye, wherein the image includes
vessels within the sclera.        4. The method of
Claim 3, wherein a corneal topographer coupled to a
digital camera captures the surface profile and/or
image.        5. The method of any one of the
preceding claims, wherein the placement guide
comprises an image that a surgeon may reference to
position the incision and the IOL.        6. The
method of any one of claims 1 to 4, wherein the
placement guide comprises an image on transparent
material that a surgeon may reference to position the
incision and the IOL.        7. The method of Claim
6, wherein the image is located on a contact lens
operable to be placed on the eye. 



8. The method of any one of the preceding claims,
wherein the placement guide comprises a placement
guide image combined with an image from a surgical
microscope, within a lens removal console.        9.
The method of Claim 8, wherein the lens removal
console is operable to advise the surgeon placing the
IOL.   10. A method for generating a placement guide
useful to facilitate placement of an intraocular lens
0014, the method comprising:    capturing information
associated with an eye in which an IOL is to be
implanted; capturing planned incision location
information associated with the eye in which an IOL
is to be implanted;        capturing-induced
astigmatism information associated with the eye in
which an IOL is to be implanted;        providing the
information to an IOL calculating software program
operable to calculate a location and orientation of
the IOL within the eye; calculating the location and
orientation of the IOL within the eye; and generating
the placement guide operable to assist a surgeon in
placing the IOL 



within the eye, wherein the placement guide comprises
an image of the eye generated based on the
pre-operative information.  11. The method of Claim
10, further comprising:        providing the surgeon
feedback associated with the location and orientation
of the IOL within the eye; and using the placement
guide to verify placement of the IOL within the eye.
12. The method of Claim 10 or 11, wherein the
information associated with the eye comprises a
surface profile and/or image of the eye, wherein the
image includes vessels within the sclera.        13.
The method of Claim 12, wherein a corneal topographer
coupled to a digital cameral captures the surface
profile and/or image.        14. The method of any
one of the preceding claims, wherein the placement
guide comprises an image that a surgeon may reference
to position the incision and the IOL.        15. The
method of any one of Claims 11 to 13, wherein the
placement guide comprises an image on transparent
material that a surgeon may reference to position the
incision and the IOL.         16. The method of Claim
15, wherein the image is located on a contact lens
operable to be placed on the eye. 



17. The method of any one of Claims 11 to 16, wherein
the placement guide comprises a placement guide image
combined with an image from a surgical microscope,
within a lens removal console.        18. The method
of Claim 17, wherein the lens removal console is
operable to advise the surgeon placing the IOL.
19. A Lens removal console operable to facilitate
placement of an intraocular lens (IOL), comprising:
at least one input port operable to receive:
infounation associated with an eye in which an IOL is
to be implanted; planned incision location
information associated with the eye in which an IOL
is to be implanted; and        induced astigmatism
information associated with the eye in which an IOL
is to be implanted;        a processing module and
associated memory coupled to the at least one input
port, the processing module operable to execute an
IOL calculating software program operable to:
calculate a location and orientation of the IOL
within the eye from:     the information associated
with an eye in -which an IOL is to be implanted; the
planned incision location information associated with
the eye in which an IOL is to be implanted; and 



the induced astigmatism information; and generate a
placement guide operable to assist a surgeon in
placing the IOL within the eye, wherein the placement
guide comprises an image of the eye generated based
on the preoperative information.        20. The Lens
removal console of Claim 19, wherein a Corneal
topographer coupled to a digital cameral captures the
information associated with the eye and wherein the
information comprises vessels within the sclera.
21. The Lens removal console of Claim 19 or 20,
wherein the placement guide comprises: an image that
a surgeon may reference to position the incision and
the IOL;        an image located on a contact lens
that a surgeon may reference to position the incision
and the IOL; and/or         a placement guide image
combined with an image from a surgical microscope,
within the lens removal console. 22.The Lens removal
console of any one of claims 19 to 21, wherein the
lens removal console is operable to advise the
surgeon placing the IOL. 




